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FOREWORD

This document presents EPA’ s nutrient criteriafor Lakes and Reservoirsin Nutrient
Ecoregion |I. These criteria provide EPA’s recommendations to States and authorized Tribes for
use in establishing their water quality standards consistent with section 303(c) of CWA. Under
section 303(c) of the CWA, States and authorized Tribes have the primary responsibility for
adopting water quality standards as State or Tribal law or regulation. The standards must contain
scientifically defensible water quality criteriathat are protective of designated uses. EPA’s
recommended section 304(a) criteria are not laws or regulations — they are guidance that States
and Tribes may use as a starting point for the criteria for their water quality standards.

The term “water quality criteria’ is used in two sections of the Clean Water Act, Section
304(a)(1) and Section 303(c)(2). The term has a different impact in each section. In Section 304,
the term represents a scientific assessment of ecological and human health effects that EPA
recommends to States and authorized Tribes for establishing water quality standards that
ultimately provide a basis for controlling discharges or releases of pollutants or related
parameters. Ambient water quality criteria associated with specific waterbody uses when
adopted as State or Tribal water quality standards under Section 303 define the level of a
pollutant (or, in the case of nutrients, a condition) necessary to protect designated uses in ambient
waters. Quantified water quality criteria contained within State or Tribal water quality standards
are essential to awater quality-based approach to pollution control. Whether expressed as
numeric criteria or quantified trandations of narrative criteriawithin State or Tribal water quality
standards, quantified criteria serve as a critical basis for assessing attainment of designated uses
and measuring progress toward meeting the water quality goals of the Clean Water Act.

EPA is developing section 304(a) water quality criteriafor nutrients because States and
Tribes consistently identify excessive levels of nutrients as a major reason why as much as haf of
the surface waters surveyed in this country do not meet water quality objectives, such as full
support of aguatic life. EPA expects to develop nutrient criteria that cover four major types of
waterbodies — lakes and reservoirs, rivers and streams, estuarine and coastal areas, and wetlands —
across fourteen major ecoregions of the United States. EPA’s section 304(a) criteriaare
intended to provide for the protection and propagation of aquatic life and recreation. To support
the development of nutrient criteria, EPA is publishing Technical Guidance Manuals that describe
aprocess for assessing nutrient conditions in the four waterbody types.

EPA’s section 304(a) water quality criteria for nutrients provide numeric water quality
criteria, aswell as procedures by which to trandate narrative criteriawithin State or Tribal water
quality standards. In the case of nutrients, EPA section 304(a) criteria establish values for causal
variables (e.g., total nitrogen and total phosphorus) and response variables (e.g., turbidity and
chlorophyll a). EPA believes that State and Tribal water quality standards need to include
quantified endpoints for causal and response variables to provide sufficient protection of uses and
to maintain downstream uses. These quantified endpoints will most often be expressed as
numeric water quality criteria or as procedures to trandate a State or Tribal narrative criterion
into a quantified endpoint.



EPA will work with States and authorized Tribes as they adopt water quality
criteriafor nutrients into their water quality standards. EPA recognizes that States and authorized
Tribes require flexibility in adopting numeric nutrient criteria into State and Tribal water quality
standards. States and authorized Tribes have several options available to them. EPA
recommends the following approaches, in order of preference:

(1) Wherever possible, develop nutrient criteriathat fully reflect localized conditions and
protect specific designated uses using the process described in EPA’s Technical Guidance
Manuals for nutrient criteria development. Such criteria may be expressed either as
numeric criteriaor as procedures to trandate a State or Tribal narrative criterion into a
quantified endpoint in State or Tribal water quality standards.

(2) Adopt EPA’ s section 304(a) water quality criteriafor nutrients, either as numeric
criteriaor as procedures to trandate a State or Tribal narrative nutrient criterion into a
quantified endpoint.

(3) Develop nutrient criteria protective of designated uses using other scientifically
defensible methods and appropriate water quality data.

Geoffrey H. Grubbs, Director
Office of Science and Technology



DISCLAIMER

This document provides technical guidance and recommendations to States, authorized
Tribes, and other authorized jurisdictions to develop water quality criteria and water quality
standards under the Clean Water Act (CWA) to protect against the adverse effects of nutrient
overenrichment. Under the CWA, States and authorized Tribes are to establish water quality
criteriato protect designated uses. State and Tribal decision-makers retain the discretion to adopt
approaches on a case-by-case basis that differ from this guidance when appropriate and
scientificaly defensible.  While this document contains EPA’ s scientific recommendations
regarding ambient concentrations of nutrients that protect aguatic resource quality, it does not
substitute for the CWA or EPA regulations; nor isit aregulation itself. Thusit cannot impose
legally binding requirements on EPA, States, authorized Tribes, or the regulated community, and
it might not apply to a particular situation or circumstance. EPA may change this guidance in the
future.



EXECUTIVE SUMMARY

Nutrient Program Goals

EPA developed the National Strategy for the Devel opment of Regiona Nutrient Criteria
(National Strategy) in June 1998. The strategy presents EPA:s intentions to develop technical
guidance manuals for four types of waters (Iakes and reservoirs, rivers and streams, estuaries and
coastal waters, and wetlands) and produce section 304(a) criteriafor specific nutrient ecoregions
by the end of 2000. In addition, the Agency formed Regiona Technical Assistance Groups
(RTAGSs) which include State and Tribal representatives working to develop more refined and
more localized nutrient criteria based on approaches described in the waterbody guidance
manuals. This document presents EPA:s current recommended criteria for total phosphorus, total
nitrogen, chlorophyll a, and turbidity for lakes and reservoirsin Nutrient Ecoregion Il (Western
Forested Mountains) which were derived using the procedures described in the Lakes and
Reservoirs Nutrient Criteria Technical Guidance Manual (U.S. EPA, 2000a).

EPA’ s ecoregional nutrient criteria are intended to address cultural eutrophication-- the
adverse effects of excess nutrient inputs. The criteria are empirically derived to represent
conditions of surface waters that are minimally impacted by human activities and protective of
aquatic life and recreational uses. The information contained in this document represent starting
points for States and Tribes to develop (with assistance from EPA) more refined nutrient criteria.

In developing these criteria recommendations, EPA followed a process which included, to
the extent they were readily available, the following elements critical to criterion derivation:

Historical and recent nutrient data in Nutrient Ecoregion 1|

Data setsfrom Legacy STORET and EPA Region 10 were used to assess nutrient
conditions from 1990 to 1998. This ecoregion has a highly heterogeneous coverage with
regard to nutrient data. At least 8 Sub-Ecoregions (level 3) contain fewer than 15
stations. This makes it difficult to generalize at the aggregate level. In the northwest area
increased logging has likely increased sedimentation which is often associated with
nutrient leaching and run-off to lakes and streams. Urbanization around large
metropolitan areas has likely contributed to nutrient additions to streams and directly to
some lakes. Grazing is another activity that may have played arole in increased nutrient
loading. Wildfires likely cause considerable yearly variation in nutrient loading.

Refer ence sites/r efer ence conditionsin Nutrient Ecoregion 1|

Reference sites/reference conditions in Nutrient Ecoregion 11 were based on the lake
population distribution approach using a representative sample of al lakes within the
Ecoregion (see Nutrient Criteria Technical Guidance Manual-Lakes and Reservoirs, April
2000, EPA-822-B00-001). Statesand Tribes are urged to determine their own reference
sites for lakes and reservoirs within the ecoregion at different geographic scales and to
compare them to EPA’ s reference conditions.



Models employed for prediction or validation

EPA did not identify any specific models used in the ecoregion to develop nutrient
criteria. States and Tribes are encouraged to identify and apply appropriate models to
support nutrient criteria development.

RTAG expert review and consensus
EPA recommends that when States and Tribes prepare their nutrient criteria, they obtain
the expert review and consent of the RTAG.

Downstream effects of criteria
EPA encourages the RTAG to assess the potential effects of the proposed criteriaon
downstream water quality and uses.

In addition, EPA followed specific QA/QC procedures during data collection and
analysis. All datawere reviewed for duplications. All data are from ambient waters that were not
located directly outside a permitted discharger. The following States indicated that their data
were sampled and analyzed using either Standard methods or EPA approved methods:

Idaho, Oregon, and Washington

The following tables contain a summary of Aggregate and level 111 ecoregion values for
TN, TP, water column chl a, and turbidity:

BASED ON 25" PERCENTILESONLY

Nutrient Parameters Aggregate Nutrient Ecoregion |1 Reference
Conditions
Tota phosphorus (ug/L) 8.8
Tota nitrogen (mg/L) 0.1

Chlorophyll a (ug/L) (Fluorometric method) 1.9

Secchi depth (meters) 4.5

For subecoregions 1, 2, 4 15, 19, 21, and 23 the ranges of nutrient parameter reference conditions
are: (Note: Ecoregions 5, 9, 11, 16, 17, 41, 77, and 78 each have fewer than 15 stations sampled
over the reference period of 1990-98, so their data were excluded from the table.)
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BASED ON 25" PERCENTILE ONLY

Nutrient Parameters

Range of Level 111 Subecoregions
Reference Conditions

Tota phosphorus (ug/L) 5.3-21.5
Tota nitrogen (mg/L) 0.1-0.8
Chlorophyll a (ug/L) (Fluorometric method) 0.9-6.1
Secchi depth (meters) 1.8-5.6

vii




NOTICE OF DOCUMENT AVAILABILITY

This document is available electronically to the public through the INTERNET at:
(http://www.epa.gov/OST/standards/nutrient.html). Requests for hard copies of the document
should be made to EPA’s National Service Center for Environmental Publications (NSCEP),
11029 Kenwood Road, Cincinnati, OH 45242 or (513) 489-8190 or toll free (800) 490-9198.
Please refer to EPA document number EPA-822-B-00-007.
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1.0 INTRODUCTION
Background

Nutrients are essential to the health and diversity of our surface waters. However, in excessive
amounts, nutrients cause hypereutrophication, which results in overgrowth of plant life and decline
of the biological community. Excessive nutrients can also result in potential human health risks,
such as the growth of harmful algal blooms - most recently manifested in the Pfiesteria outbreaks
of the Gulf and East Coasts. Chronic nutrient overenrichment of a waterbody can lead to the
following consequences: low dissolved oxygen, fish kills, algal blooms, overabundance of
macrophytes, likely increased sediment accumulation rates, and species shifts of both flora and
fauna

Historically, National Water Quality Inventories have repeatedly shown that nutrients are a
major cause of ambient water quality use impairments. EPA’s 1996 National Water Quality
Inventory report identifies excessive nutrients as the leading cause of impairment in lakes and the
second leading cause of impairment in rivers (behind siltation). In addition, nutrients were the
second leading cause of impairments reported by the States in their 1998 lists of impaired waters.
Where use impairment is documented, nutrients contribute roughly 25-50% of the impairment
nationally. The Clean Water Act establishes a nationa goal to achieve, wherever attainable, water
quality which provides for the protection and propagation of fish, shellfish, and wildlife and
recreation in and on the water. In adopting water quality standards, States and Tribes designate
uses for their waters in consideration of the Clean Water Act goals, and establish water quality
criteriathat contain sufficient parameters to protect those uses. To date, EPA has not published
information and recommendations under section 304(a) for nutrients to assist States and Tribesin
establishing numeric nutrient criteria to protect uses when adopting water quality standards.

In 1995, EPA gathered a set of national experts and asked the experts how to best deal
with the national nutrient problem. The experts recommended that the Agency not develop single
criteria values for phosphorus or nitrogen applicable to all water bodies and regions of the country.
Rather, the experts recommended that EPA put a premium on regionalization, develop guidance
(assessment tools and control measures) for specific waterbodies and ecological regions across the
country, and use reference conditions (conditions that reflect pristine or minimally impacted
waters) as a basis for developing nutrient criteria.

With these suggestions as starting points, EPA developed the National Strategy for the
Development of Regional Nutrient Criteria (National Strategy), published in June 1998. This
strategy presented EPA’ s intentions to devel op technical guidance manuals for four types of waters
(lakes and reservairs, rivers and streams, estuaries and coastal waters, and wetlands) and,
thereafter, to publish section 304(a) criteria recommendations for specific nutrient ecoregions.
Technical guidance manuals for lakes/reservoirs and rivers/streams were published in April 2000
and July 2000, respectively. The technical guidance manual for estuaries/coastal waters will be
published in spring 2000 and the draft wetlands technical guidance manual will be published by
December 2001. Each manual presents EPA’s recommended approach for developing nutrient
criteriavaues for a specific waterbody type. In addition, EPA is committed to working with



States and Tribes to develop more refined and more localized nutrient criteria based on approaches
described in the waterbody guidance manuals and this document.

Overview of the Nutrient Criteria Development Process

For each Nutrient Ecoregion, EPA developed a set of recommendations for two causal
variables (total nitrogen and total phosphorus) and two early indicator response variables
(chlorophyll a and some measure of turbidity). Other indicators such as dissolved oxygen and
macrophyte growth or speciation, and other fauna and flora changes are also deemed useful.
However, the first four are considered to be the best suited for protecting designated uses.

The technical guidance manuals describe a process for developing nutrient criteria that
involves consideration of five factors. Thefirst of these is the Regional Technical Assistance
Group (RTAG), which isabody of qualified regiona speciaists able to objectively evaluate al of
the available evidence and select the value(s) appropriate to nutrient control in the water bodies of
concern. These specialists may come from such disciplines as limnology, biology, natural
resources management-- especially water resource management, chemistry, and ecology. The
RTAG evauates and recommends appropriate classification techniques for criteria determination,
usually physical within an ecoregional construct.

The second factor is the historical information available to establish a perspective of the
resource base. Thisisusually data and anecdotal information available within the past ten-twenty
fiveyears. Thisinformation gives evidence about the background and enrichment trend of the
resource.

The third factor is the present reference condition. A selection of reference sites chosen to
represent the least culturally impacted waters of the class existing at the present time. The data
from these sites is combined and a value from the distribution of these observations is selected to
represent the reference condition, or best attainable, most natural condition of the resource base at
thistime.

A fourth factor often employed is theoretical or empirical models of the historical and
reference condition data to better understand the condition of the resource.

The RTAG comprehensively evaluates the other three elements to propose a candidate
criterion (initially one each for TP, TN, chl a, and some measure of turbidity).

Thelast and final element of the criteria development process is the assessment by the
RTAG of the likely downstream effects of the criterion. Will there be a negative, positive, or
neutral effect on the downstream waterbody? If the RTAG judges that a negative effect islikely,
then the proposed State/Tribal water quality criteria should be revised to ameliorate the potential
for any adverse downstream effects.



While States and authorized Tribes would not necessarily need to incorporate al five
elementsinto their water quality criteria setting process (e.g., modeling may be significant in only
some instances), the best assurance of a representative and effective criterion for nutrient
management decision making is the balanced incorporation of al five elements, or at least al
elements except modeling.

Because some parts of the country have naturally higher soil and parent material
enrichment, and different precipitation regimes, the application of the criterion development
process has to be adjusted by region. Therefore, an ecoregional approach was chosen to develop
nutrient criteria appropriate to each of the different geographical and climatological areas of the
country. Initialy, the continental U.S. was divided into 14 separate ecoregions of similar
geographical characteristics. Ecoregions are defined as regions of relative homogeneity in
ecological systems; they depict areas within which the mosaic of ecosystern components (biotic
and abiotic aswell asterrestrial and aquatic) is different than adjacent areas in a holistic sense.
Geographic phenomena such as soils, vegetation, climate, geology, land cover, and physiology that
are associated with spatial differences in the quantity and quality of ecosystem components are
relatively similar within each ecoregion.

The Nutrient ecoregions are aggregates of U.S. EPA=s hierarchal level 111 ecoregions. As
such, they are more generalized and less defined than level 111 ecoregions. EPA determined that
setting ecoregional criteriafor the large scale aggregates is not without its drawbacks - variability
is high due to the lumping of many waterbody classes, seasons, and years worth of multipurpose
data over alarge geographic area. For these reasons, the Agency recommends that States and
Tribes develop nutrient criteria at the level 111 ecoregional scale and at the waterbody class scale
where those data are readily available. Data analyses and recommendations on both the large
aggregate ecoregion scale as well as more refined scales (level 111 ecoregions and waterbody
classes), where data were available to make such assessments, are presented for comparison
purposes and completeness of analysis.

Relationship of Nutrient Criteriato Biological Criteria

Biological criteria are quantitative expressions of the desired condition of the aguatic
community. Such criteria can be based on an aggregation of data from sites that represent the
|east-impacted and attainable condition for a particular waterbody type in an ecoregion,
subecoregion, or watershed. EPA’s nutrient criteria recommendations and biological criteria
recommendations have many similarities in the basic approach to their development and data
requirements. Both are empirically derived from statistical analysis of field collected data and
expert evaluation of current reference conditions and historical information. Both utilize direct
measurements from the environment to integrate the effects of complex processes that vary
according to type and location of waterbody. The resulting criteria recommendations, in both
cases, are efficient and holistic indicators of water quality necessary to protect uses.

States and authorized Tribes can develop and apply nutrient criteriaand biological criteria
in tandem, with each providing important and useful information to interpret both the nutrient
enrichment levels and the biologica condition of sampled waterbodies. For example, using the



same reference sites for both types of criteria can lead to efficiencies in both sample design and
data analysis. In one effort, environmental managers can obtain information to support assessment
of biological and nutrient condition, either through evaluating existing data sets or through
designing and conducting a common sampling program. The traditional biological criteria
variables of benthic invertebrate and fish sampling can be readily incorporated to supplement a
nutrient assessment. To demonstrate the effectiveness of this tandem approach, EPA has initiated
pilot projects in both freshwater and marine environments to investigate the relationship between
nutrient overenrichment and apparent declinesin diversity indices of benthic invertebrates and fish.

20 BEST USE OF THISINFORMATION

EPA recommendations published under section 304(a) of the CWA serve severa purposes,
including providing guidance to States and Tribes in adopting water quality standards for nutrients
that ultimately provide a basis for controlling discharges or releases of pollutants. The
recommendations aso provide guidance to EPA when promulgating Federal water quality
standards under section 303(c) when such action is necessary. Other uses include identification of
overenrichment problems, management planning, project evaluation, and determination of status
and trends of water resources.

State water quality inventories and listings of impaired waters consistently rank nutrient
overenrichment as a top contributor to use impairments. EPA’s water quality standards
regulations at 40 CFR 8131.11(a) require States and Tribes to adopt criteria that contain sufficient
parameters and constituents to protect the designated uses of their waters. In addition, States and
Tribes need quantifiable targets for nutrients in their standards to assess attainment of uses,
develop water quality-based permit limits and source control plans, and establish targets for total
maximum daily loads (TMDLS).

EPA expects States and Tribes to address nutrient overenrichment in their water quality
standards, and to build on existing State and Tribal initiated efforts where possible. States and
Tribes can address nutrient overenrichment through establishment of numerical criteria or through
use of new or existing narrative criteria statements (e.g., free from excess nutrients that cause or
contribute to undesirable or nuisance aquatic life or produce adverse physiological responsein
humans, animals, or plants). In the case of narrative criteria, EPA expects that States and Tribes
establish procedures to quantitatively trand ate these statements for both assessment and source
control purposes.

The intent of developing ecoregional nutrient criteriais to represent conditions of surface
waters that are minimally impacted by human activities and thus protect against the adverse effects
of nutrient overenrichment from cultural eutrophication. EPA’s recommended process for
developing such criteriaincludes physical classification of waterbodies, determination of current
reference conditions, evaluation of historical data and other information (such as published
literature), use of models to ssimulate physical and ecological processes or determine empirical
relationships among causal and response variables (if necessary), expert judgement, and evaluation
of downstream effects. To the extent allowed by the information available, EPA has used elements
of this process to produce the information contained in this document. The values for both causal



(total nitrogen, total phosphorus) and biologica and physical response (chlorophyll a, turbidity)
variables represent a set of starting points for States and Tribes to use in establishing their own
criteriain standards to protect uses.

In its water quality standards regulations, EPA recommends that States and Tribes establish
numerical criteria based on section 304(a) guidance, section 304(a) guidance modified to reflect
site-specific conditions, or other scientifically defensible methods. For many pollutants, such as
toxic chemicals, EPA expects that section 304(a) guidance will provide an appropriate level of
protection without further modification in most cases. EPA has also published methods for
modifying 304(a) criteria on a site-specific basis, such as the water effect ratio, where site-specific
conditions warrant modification to achieve the intended level of protection. For nutrients,
however, EPA expects that, in most cases, it will be necessary for States and authorized Tribes to
identify with greater precision the nutrient levels that protect aquatic life and recreational uses.
This can be achieved through development of criteria modified to reflect conditions at a smaller
geographic scale than an ecoregion such as a subecoregion, the State or Tribe level, or specific
class of waterbodies. Criteria refinement can occur by grouping data or performing data analyses
at these smaller geographic scales. Refinement can also occur through further consideration of
other elements of criteria development, such as published literature or models.

The values presented in this document generally represent nutrient levels that protect
against the adverse effects of nutrient overenrichment and are based on information available to the
Agency at the time of this publication. However, States and Tribes should critically evaluate this
information in light of the specific designated uses that need to be protected. For example, more
sensitive uses may require more stringent values as criteria to ensure adequate protection. On the
other hand, overly stringent levels of protection against the adverse effects of cultural
eutrophication may actually fall below levels that represent the natural load of nutrients for certain
waterbodies. In cases such as these, the level of nutrients specified may not be sufficient to
support a productive fishery. In the criteria derivation process, it isimportant to distinguish
between the natural load associated with a specific waterbody and current reference conditions,
using historical data and expert judgement. These elements of the nutrient criteria derivation
process are best addressed by States and Tribes with access to information and local expertise.
Therefore, EPA strongly encourages States and Tribes to use the information contained in this
document and to develop more refined criteria according to the methods described in EPA’s
technical guidance manuals for specific waterbody types.

To assist in the process of further refinement of nutrient criteria, EPA has established ten
Regiona Technica Advisory Groups (experts from EPA Regional Offices and States/Tribes). In
the process of refining criteria, States and authorized Tribes need to provide documentation of
data and analyses, along with a defensible rationale, for any new or revised nutrient criteria they
submit to EPA for review and approval. As part of EPA’sreview of State and Tribal standards,
EPA intends to seek assurance from the RTAG that proposed criteria are sufficient to protect uses.

In the process of using the information and recommendations contained in this document,
aswell as additional information, to develop numerical criteria or procedures to trand ate narrative
criteria, EPA encourages States and Tribes to:



. Address both chemical causal variables and early indicator response variables. Causa
variables are necessary to provide sufficient protection of uses before impairment occurs
and to maintain downstream uses. Early response variables are necessary to provide
warning signs of possible impairment and to integrate the effects of variable and potentially
unmeasured nutrient |oads.

. Include variables that can be measured to determine if standards are met, and variables that
can be related to the ultimate sources of excess nutrients.
. | dentify appropriate periods of duration (i.e., how long) and frequency (i.e., how often) of

occurrence in addition to magnitude (i.e., how much). EPA does not recommend
identifying nutrient concentrations that must be met at al times, rather a seasonal or annual
averaging period (e.g., based on weekly measurements) is considered appropriate.
However, these seasonal or annual central tendency measures should apply each season or
each year, except under the most extraordinary of conditions (e.g., a 100 year flood).

3.0 AREA COVERED BY THISDOCUMENT

The following sections provide a genera description of the aggregate ecoregion and its
geographical boundaries. Descriptions of the level I11 ecoregions contained within the
aggregate ecoregion are also provided.

3.1  Description of Aggregate Ecoregion Il - Western Forested Mountains

Region Il includes most of the great mountain ranges that are located west of the Great
Plains. Thislarge, digunct region is characterized by forests, high relief terrain, steep sopes,
perennia streams, and a general lack of cropland agriculture. The highest mountains are wetter
and colder than lower elevations and are often snow-covered during the winter months; they can
be glacially modified and lake-studded. Overall, Region |1 receives far more precipitation than the
lower nutrient regions that surround it. However, within Region 11, rainshadow influences are
common and precipitation varies with elevation and latitude. Alpine vegetation grows in the
highest areas, coniferous forests dominate the high areas, mixed deciduous and coniferous stands
with a grass understory are found at the lower elevations, and shrubs and grasses are common at
the lowest elevations.

Dominant land uses in the Western Forested Mountains (I1) are logging, recreation,
grazing, and mining. Logging can increase erosion and contribute large amounts of sediment to
streams. Grazing can contribute significant amounts of nitrogen, phosphorus, and sediment to
surface waters. Locally, mining activities have contributed suspended sediments, acidic drainage,
and toxic trace el ements such as arsenic, cadmium, copper, lead, manganese, and zinc to surface
waters. Cropland agriculture is uncommon except within some mountain valleys and a part of the
Puget Lowland.

The forests of Region |1 are characterized by much lower anthropogenic inputs of nitrogen
and phosphorus from artificial fertilizers than neighboring, more agricultural, nutrient regions.



3.2  Geographical Boundaries of Aggregate Ecoregion 1|

Ecoregion Il isalarge, discontinuous region covering the mountainous areas of the
western Unites States. Intotal, 11 states are included in this ecoregion. The region includes the
western 1/3 of Washington and Oregon and the northern border between Oregon and California.
The region continues southwards as a narrow strip running down the eastern side of California;
where California’ s border bends eastward, the region continues to stretch southward into the
center of the state terminating in the southwestern part of the state.

Another segment of the region beginsin north central Washington. This region runs along
the U.S.-Canada border across Washington, Idaho and 1/3 of Montana. The region extends south
to include northeastern Oregon, the northern 2/3rds of Idaho, the western 1/3rd of Montana and
the northwest corner of Wyoming.

The remaining segments of the ecoregion are discrete areas of varying size. One of the
larger segments runs through central Colorado, extending into southern Wyoming and northern
New Mexico. A narrow segment of the region runs through central Utah. Similarly, an area of
central Arizona extending into New Mexico isincluded in this ecoregion. Five small pockets of
New Mexico are encompasses in the region. Finaly, asmall areathat straddles the border between
South Dakota and Wyoming is designated as part of this ecoregion.

3.3 Levd Il Ecoregionswithin Aggregate Ecoregion |1

1. Coast Range

Highly productive, rain-drenched coniferous forests cover the low mountains of the Coast Range.
Sitka spruce and coastal redwood forests originally dominated the fog-shrouded coast, while a
mosaic of western red cedar, western hemlock, and seral Douglas-fir blanketed inland areas.
Today Douglas-fir plantations are prevalent on the intensively logged and managed landscape.

2. Puget Lowlands

This broad rolling lowland is characterized by a mild maritime climate and flanks the intricately cut
coastline of Puget Sound. It occupies a continental glacial trough and has many idands,
peninsulas, and bays. Coniferous forest originally grew on the ecoregion’s ground moraines.
outwash plains, floodplains, and terraces. The distribution of forest speciesis affected by the
rainshadow from the Olympic Mountains.
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Figure 1. Aggregate Ecoregion | 1.

4. Cascades

This mountainous ecoregion is underlain by Cenozoic volcanics and has been affected by alpine
glaciations. It is characterized by broad, easterly trending valleys, steep ridges in the west, a high
plateau in the east, and both active and dormant volcanoes. Elevations range upwards to 4,390
meters. Its moist, temperate climate supports an extensive and highly productive coniferous forest.
Subal pine meadows occur at high elevations.

5. Serra Nevada

The Sierra Nevada is a deeply dissected block fault that rises sharply from the arid basin and range
ecoregions on the east and slopes gently toward the Central California Valley to the west. The
eastern portion has been strongly glaciated and generally contains higher mountains than are found
in the Klamath Mountains to the northwest. Much of the central and southern parts of the region
isunderlain by granite as compared to the mostly sedimentary formations of the Klamath
Mountains and volcanic rocks of the Cascades. The higher elevations of thisregion are largely
federally owned and include severa national parks. The vegetation grades from mostly ponderosa
pine at the lower elevations on the west side and lodgepole pine on the east side, to fir and spruce
at the higher elevations. Alpine conditions exist at the highest elevations.

8. Southern California Mountains

Like the other ecoregions in central and southern California, the Southern California Mountains
has a Mediterranean climate of hot dry summers and moist cool winters. Although Mediterranean
types of vegetation such as chaparral and oak woodlands predominate, the elevations are



considerably higher in this region, the summers are dightly cooler, and precipitation amounts are
greater, causing the landscape to be more densely vegetated and stands of ponderosa pine to be
larger and more numerous than in the adjacent regions. Severe erosion problems are common
where the vegetation cover has been destroyed by fire or overgrazing.

9. Eastern Cascades Sopes and Foothills

The Eastern Cascade Slopes and Foothillsisin the rainshadow of the Cascade Mountains. Its
climate exhibits greater temperature extremes and |ess precipitation than ecoregions to the west.
Open forests of ponderosa pine and some lodgepole pine distinguish this region from the higher
ecoregions to the west where spruce fir forests are common, and the lower dryer ecoregions to the
east where shrubs and grasslands are predominant. The vegetation is adapted to the prevailing dry
continental climate and is highly susceptible to wildfire. Volcanic cones and buttes are common in
much of the region.

11. Blue Mountains

This ecoregion is distinguished from the neighboring Cascades and Northern Rockies ecoregions
because the Blue Mountains are generally not as high and are considerably more open. Like the
Cascades, but unlike the Northern Rockies, the region is mostly volcanic in origin. Only the few
higher ranges, particularly the Wallowa and Elkhorn Mountains, consist of intrusive rocks that rise
above the dissected lava surface of the region. Unlike the bulk of the Cascades and Northern
Rockies, much of this ecoregion is grazed by cattle.

15. Northern Rockies

The Northern Rockies is an ecoregion of high, rugged mountains. Although alpine characteristics,
including numerous glacia lakes, are found in the higher elevations, the region is not as high nor as
snow and ice covered as the Canadian Rockies. The mosaic of vegetation that presently and
originally covered the region is different than that of the Middle Rockies. Although Douglas fir,
subal pine fir, Englemann spruce, and ponderosa pine are characteristic of both regions, western
white pine, western red cedar, and grand fir were and are common in the Northern Rockies, but
not the Middle Rockies. Mining activities have caused stream water quality problemsin portions
of the region.

16. Montana Valley and Foothill Prairies

The Montana Valley and Foothill Prairiesis aregion characterized by shortgrass prairie but is
unlike other grassland-type ecoregions in the Great Plains because of the close proximity to nearby
high forested mountains which feed the region with many perennial streams, resulting in a different
mosaic of terrestrial and aquatic fauna. Most of the region is farmed and many parts of the valleys
have been irrigated. Grazing of beef cattle and sheep is prevalent in the region, even in the
forested parts of the foothills.

17. Middle Rockies

Like the Northern Rockies, this region is composed of steep-crested high mountains that are
largely covered by coniferous forests. However, the mix of tree species is somewhat different in
the two regions. Lodgepole pine is more common in the Middle Rockies, and white pine, grand
fir, and cedar, which are prevalent in the Northern Rockies, are not in thisregion. Soilsin the
region are mainly Alfisols, whereas Inceptisols are the major soil order in the Northern Rockies.



Also, agreater portion of the Middle Rockiesis used for summer grazing of livestock. Recreation
and lumbering are mgjor land use activities.

19. Wasatch and Uinta Mountains

This ecoregion is composed of a core area of high, precipitous mountains with narrow crests and
valleys flanked in some areas by dissected plateaus and open high mountains. The elevational
banding pattern of vegetation is similar to that of the Southern Rockies except that aspen,
chaparral, and juniper-pinyon and oak are more common at middle elevations. This characteristic,
along with afar lesser extent of lodgepole pine and greater use of the region for grazing livestock
in the summer months, distinguish the Wasatch and Uinta Mountains ecoregion from the more
northerly Middle Rockies.

21. Southern Rockies

The Southern Rockies are composed of high elevation, steep rugged mountains. Although
coniferous forests cover much of the region, asin most of the mountainous regions in the western
United States, vegetation, as well as soil and land use, follows a pattern of elevationa banding.
The lowest elevations are generally grass or shrub covered and heavily grazed. Low to middle
elevations are also grazed and covered by a variety of vegetation types including Douglas fir,
ponderosa pine, aspen, and juniper oak woodlands. Middle to high elevations are largely covered
by coniferous forests and have little grazing activity. The highest elevations have apine
characterigtics.

23. Arizona/New Mexico Mountains

The Arizona/New Mexico Mountains are distinguished from neighboring mountainous ecoregions
by their lower elevations and an associated vegetation indicative of drier, warmer environments,
which is aso duein part to the region’s more southerly location. Forests of spruce, fir, and
Douglasfir, that are common in the Southern Rockies and the Uinta and Wasatch Mountains, are
only found in afew high elevation parts of thisregion. Chaparra is common on the lower
elevations, pinyon-juniper and oak woodlands are found on lower and middle elevations, and the
higher elevations are mostly covered with open to dense ponderosa pine forests.

41.Canadian Rockies

Asits name indicates, most of thisregion islocated in Canada. It straddles the border between
Alberta and British Columbiain Canada and extends southeastward into northwestern Montana.
The region is generally higher and more ice-covered than the Northern Rockies. Vegetation is
mostly Douglas fir, spruce, and lodgepole pine at lower elevations and alpine fir at middle
elevations. The higher elevations are treeless alpine. A large part of the region isin national parks
where tourism is the mgjor land use. Forestry and mining occur on the nonpark lands.

77. Northern Cascades

The terrain of the North Cascades is composed of high, rugged mountains. It contains the greatest
concentration of active apine glaciers in the conterminous United States and has a variety of
climatic zones. A dry continental climate occursin the east and mild, maritime, rainforest
conditions are found in the west. It is underlain by sedimentary and metamorphic rock in contrast
to the adjoining Cascades which are composed of volcanics.

10



78.Klamath Mountains

The ecoregion is physically and biologically diverse. Highly dissected, folded mountains, foothills,
terraces, and floodplains occur and are underlain by igneous, sedimentary, and some metamorphic
rock. The mild, subhumid climate of the Klamath Mountains is characterized by alengthy summer
drought. It supports avegetal mix of northern Californian and Pacific Northwest conifers.

40 DATA REVIEW FOR LAKESAND RESERVOIRSIN AGGREGATE
ECOREGION 11

The following section describes the nutrient data EPA has collected and analyzed for this
Ecoregion, including an assessment of data quantity and quality. The data tables present the data
for each causal parameter-- total phosphorus and total nitrogen (both reported and calculated from
TKN and nitrite/nitrate), and the primary response variables-- some measure of turbidity and
chlorophyll a. These are the parameters which EPA considers essential to nutrient assessment
because the first two are the main causative agents of enrichment and the two response variables
are the early indicators of system enrichment for most of the surface waters
(See Chapter 5 of the Lakes and Reservoirs Nutrient Criteria Guidance Manual (U.S. EPA, 2000a)
for a complete discussion on choosing causal and response variables.)

Suggested Ecoregional subdivisions or adjustments.

EPA recommends that the RTAG evaluate the adequacy of EPA nutrient ecoregional and
subecoregional boundaries and refine them as needed to reflect local conditions.

4.1 Data Sour ces

Data sets from Legacy STORET, and EPA Region10 were used to assess nutrient
conditions from 1990 to 1999. EPA recommends that the RTAGs identify additional data sources
that can be used to supplement the data sets listed above. In addition, the RTAGs may utilize
published literature values to support quantitative and qualitative analyses.

11
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Figure 2. Aggregate Ecoregion I with level 111 ecor egions shown

4.2  Historical Data from Aggregate Ecoregion Il (TP, TN, Chlor a and Secchi Depth)

This ecoregion has a highly heterogeneous coverage in the above data as shown by Fig. 3.
At least 8 Sub-Ecoregions contain fewer than 15 stations. This makes it difficult to generalize at
the aggregate level. In the northwest areaincreased logging has likely increased sedimentation
which is often associated with nutrient leaching and run-off to lakes and streams. Urbanization
around large metropolitan areas has likely contributed to nutrient additions to streams and directly
to some lakes. Grazing is another activity that may have played arole in increased nutrient
loading. Variability in “wildfires’ likely causes considerable year to year variation in nutrient
loading. EPA recommends that States/Tribes assess long-term trends observed over the past 50
years. Thisinformation may be obtained from scientific literature or documentation of historical
trends. To gain additional perspective on more recent trends, it is recommended that States and
Tribes assess nutrient trends over the last 10 years (e.g., what do seasonal trends indicate?)

43 QA/QC of Data Sources

Aninitia quality screen of data was conducted using the rules presented in Appendix C.
Data remaining after screening for duplications and other QA measures (e.g., poor or unreported
analytical records, sampling errors or omissions, stations associated with outfalls, storm water
sawers, hazardous waste sites) were the data used in the statistical analyses.

States within Ecoregion Il were contacted regarding the quality of their data. The
following States provided information on the methods used to sample and analyze their waters:
Idaho, Oregon, and Washington. In al cases, States indicated a Standard method or an

12



approved EPA method was used. California, Nevada, Utah, Colorado, Arizona, New Mexico,
Texas, Wyoming, and Montana, South Dakota did not provide information prior to the publication
of this document.

4.4  Datafor all Lakes/Reservoirswithin Aggregate Ecoregion |1
The map in Figure 3 shows the location of the sampling stations within each sub ecoregion.
Table 1 presents al datarecords for al parameters for Aggregate Ecoregion |1 and subecoregions

within the Aggregate Ecoregion. Most of the data were derived from sub-ecoregions from the
Oregon, Washington, Colorado and Utah.

13
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Table 1.

Lakerecordsfor Aggregate Ecoregion Il - Western Forested M ountains

Aggregate | Sub Sub Sub Sub Sub Sub Sub
Ecoregion [ecoR1 [ecoR2 |ecoR4 |ecoR5 JecoR9 | ecoR 11 || ecoR 15
[
# of Lakesd/Reservoirs 441 24 19 161 2 13 6 38
# of Lake Stations 725 53 32 213 2 29 6 69
Key Nutrient Parameters
(listed below)
- # of records for Secchi 4144 903 506 584 0 50 7 122
depth
- # of records for 3931 173 411 1158 0 241 7 25
Chlorophyll a (all methods)
- #of recordsfor Total 3099 63 0 45 11 423 10 499
Kjeldahl Nitrogen (TKN)
- # of recordsfor Nitrate + 2681 5 72 1326 0 419 1 395
Nitrite (NO, + NO,)
- # of recordsfor Total 1951 72 614 977 14 0 0 0
Nitrogen (TN)
- # of recordsfor Total 7894 276 1074 1290 32 429 14 410
Phosphorus (TP)
Total # of recordsfor key 23,700 1492 2677 5380 57 1562 39 1451

nutrient parameters
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Table 1 (continued).

Lakerecordsfor Aggregate Ecoregion Il - Western Forested Mountains

Sub Sub Sub Sub Sub Sub Sub Sub
ecoR 16 ecoR 17 | ecoR 19 | ecoR 21 | ecoR 23 | ecoR 41 | ecoR 77 | ecoR 78
# of Lakesd/Reservoirs 6 18 93 51 13 2 1 4
# of Lake Stations 11 35 152 86 26 6 1 4
Key Nutrient Parameters
(listed below)
- # of recordsfor Secchi 0 54 1216 593 62 0 1 46
depth
- # of recordsfor 37 29* 1328 388 108 20 2 4
Chlorophyll a (all methods)
- # of recordsfor Total 0 108 992 826 106 8 0 8
Kjeldahl Nitrogen (TKN)
- # of records for Nitrate + 13 29 42 265 106 8 0 0
Nitrite (NO, + NO,)
- # of recordsfor Total 132 0 0 32 58 52 0 0
Nitrogen (TN)
- # of recordsfor Total 124 165 2946 960 102 59 4 9
Phosphorus (TP)
Total # of recordsfor key 292 385 6566 3064 542 145 7 67

nutrient parameters

* Summer only
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Definitions used to complete Table 1:

1. #of recordsrefersto thetotal count of observations for
that parameter over the entire decade (1990-1999) for that
particular aggregate or subecoregion. These are countsfor
all seasons over that decade.

2. #of lake stationsrefersto the total number of lake and
reservoir stationswithin the aggregate or subecoregion from
which nutrient data were collected. Since lakes and
reservoirs can cross ecor egional boundaries, it isimportant to
note that only those portions of a lake or reservoir (and data
associated with those stations) that exist within the ecoregion
areincluded within thistable.

45  Statistical Analysis of Data

EPA’s Technical Guidance Manual for Developing Nutrient Criteriafor Lakes and
Reservoirs describes two ways of establishing areference condition. One method is to choose the
upper 25" percentile (75" percentile) of areference population of lakes. Thisis the preferred
method to establish areference condition. The 75" percentile was chosen by EPA sinceit is likely
associated with minimally impacted conditions, will be protective of designated uses, and provides
management flexibility. When reference lakes are not identified, the second method is to determine
the lower 25" percentile of the population of all lakes within aregion. The 25™ percentile of the
entire population was chosen by EPA to represent a surrogate for an actual reference population.
Data analyses to date indicate that the lower 25™ percentile from an entire population roughly
approximates the 75™ percentile for a reference population (see case studies for Minnesota lakesin
the Lakes and Reservoirs Nutrient Criteria Technical Guidance Document [U.S. EPA, 2000g], the
case study for Tennessee streams in the Rivers and Streams Nutrient Criteria Technical Guidance
Document [U.S. EPA, 2000b], and the letter from Tennessee Department of Environment and
Conservation to Geoffrey Grubbs [TNDEC, 2000]). New Y ork State has also presented evidence
that the 25™ percentile and the 75" percentile compare well based on user perceptions of water
resources (NY SDEC, 2000).

The following tables 2 and 3a-p, present the potential reference conditions for both the
aggregate ecoregion and the subecoregions using both methods. However, the reference lake
column is left blank because EPA does not have observed reference data and anticipates that States
will provide information on reference lakes. Appendix A provides a complete presentation of all
descriptive statistics for both the aggregate ecoregion and the level 111 subecoregion.

Table 2.Reference conditions for aggregate ecoregion |1 lakes.

17



No. of Reported values 25" Per centiles based on all Reference Lakes **
Lakes seasons data for the Decade
Parameter
N +* Min M ax P25* all seasons* P75 all seasons
TKN (mg/L) 162 0.01 352 0.16
NO2 + NO3 (mg/L) 144 0.00 0.92 0.02
TN (mg/L) - calculated NA 0.01 4.44 0.18
TN (mg/L) - reported 45 0.00 3.07 0.10
TP (ug/L) 296 0.00 507.5 8.75
Secchi (meters) 302 0.00 10.5 45
Chlorophyll a (ug/L) - F 130 0.3 44.3 19
Chlorophyll a (ug/L) - S 100 0.5 334 19
Chlorophyll a (ug/L) - T 41 0.8 ? 28 |

P25: 25" percentile of all data
P75. 75" percentile of all data

*x as determined by the Regional Technical Assist