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NITROGEN ANPHOSPHORUSIPAIRMENTASSESSMENWMETHOD
UMMARY

The followingMethod Simmary should provide sufficient detail for an assessarrtdertakean
assessment afitrogen and phosphorusnpacts inawadeable streamYou will probably still need to

refer to details provided later in trdocument.Large rives are not addressed by this methodolops list
of large rivergo which these methods do not applyshown below inTable 1.

TableS 1. Nonwadeable river segments within the state of Montana

River Name Segment Description
Big Horn River Yellowtail Dam to mouth
Clark Fork River Bitterroot River to statdine
Flathead River Origin to mouth
Kootenai River Libby Dam to statdine
Madison River Ennis Lake to mouth
Missouri River Origin to stateline
South Fork Flathead River Hungry Horse Dam to mouth
Yellowstone River Stateline to stateline

Part 1:Defining the assessment reach
1. Compliance determinations described in this document are carried out @ssgssment reach
Here we define an assessment reachaastadeable stream segment listed in the Assessment
Data Base (ADBnd updates)or a subsegment of an ADB stream segmehtsampling unit
within an assessment reach is definest a sample collected from the assessment reach that is
largely independent of other samples collected within the assessment reach and collected during
the time when the numeric nutrient criteria appBlease consider the following:

a. The aggregate of samples collected from an assessment reach should provide good overall
representation of the assessment rea¢hdividual sites within the assessment reach that
have known or suspected pollution problentesld be sampled equitably along with sites
where pollution problems are not suspected or are minimal or less pronoum@dot just
target the hotspots.

b. Given the guidelines in 1a abguke assessor will have to judge if further stratification of
the dream reach (i.e., create two or more subaches) is warrantedf, for example, a
relatively unimpacted upstream reach of an assessment reach can be isolated and its
condition is substantially different from other downstream parts of the assessmenhyeac
sub-segmenting may be justified. As a rule of thumb, it is better to lump than split reaches
to avoid excessive sedegmentation of streams and the consequential administrative and
sampling requirements.

c. Each subyeachwill have the same general data requirements (dataset minimums, tests,
SG0d0 Fa GKS LINByld FaaSaaySyid NBFOK g2dZ R K

d. Sampleshouldbe collected when the criteria apply, during the ecoregspecific Growing
SeasonTableS2). However, a ten day window (plus/minus) on the Growing Season start
and end dates is acceptable in order to accommodate-gpacific conditions (e.g., an

05/16/16 Final S1
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early-ending spring runofflSamples collected outside the Growing Season may be useful for
other purposes (e.g., isolating load sources), but should not to be used for compliance
determination for the Growing Season.

Table &. Start and Ending Dates for Three Seasons (Winter, Runoff and Growing), by Level ll|

Ecoregion

Start of End of

Start of End of End of Growing Growing

Ecoregion Name Winter Winter Start of Runoff|  Runoff Season Season
Canadian Rockies Oct.1 April 14 April 15 June 30 July 1 Sept. 30
Northern Rockies Oct.1 March 31 April 1 June 30 July 1 Sept. 30
Idaho Batholith Oct.1 April 14 April 15 June 30 July 1 Sept. 30
Middle Rockies Oct.1 April 14 April 15 June 30 July 1 Sept. 30
Northwestern Glaciated Plain{ Oct.1 | March 14 March 15 June 15 June 16 Sept. 30
Northwestern Great Plains Oct.1 Feb. 29 March 1 June 30 July 1 Sept.30
Wyoming Basin Oct.1 April 14 April 15 June 30 July 1 Sept. 30

2. Samples fromwithin an assessment reach may generally be considered independent of other
samples from the assessment reach if they meet or if you do the following:

9 Sites (or very shoreaches functionally equivalent to sites) should be located at least 1
stream mile apartAssessment rea@s<1 mile long are exceptions and may have more than
one site, but the study plan must first be reviewed and approveBB@management.

9 Sites may bglaced < 1 mile apart on an assessment rahttere isa flowing tributary
confluencing with the reach between the two sites.

1 Along an assessment reach, try to sample sites moving from downstream to upstream to
avoid potentially resampling the samstream water.

1 Land use changes and land form changes should be considered and can be used to help
define (1) breaks between assessment reaches and/or (2) additional sampling sites within an
assessment reach

1 Nutrient samples collected at the same s#thould be collected at least 14 days apart. Other
samples collected at the same site should be collected about 30 days ap&@tdoes not
apply to longterm or instantaneous measurement of dissolved oxygen.

Part 2:Assessment Methodology
The following ee recommended to determinaitrogen and phosphorus impacts in wadeable streams

For Mountainous and Transitiori&treamsAssessment is carried out as a level I, level Il protfabe
level | results are inconclusive, move to the 2nd fevel

Levell:
a. Collect, within the asssment reach, benthic algal Ghdind AFDWASsh Free Dry Weight)
from one or more sitg® (following DEQ SOPs, including approveddtwerophyll visual

! SeeTable 41 later in this document for the list of ecoregions (levels Ill and IV) where this methodology applies.
% Nothing precludes the assessor from collecting, in a single sampling season, all data needed to carry out a level I
assessment. Cases may arise (¢éagg access issues) that may make this approach preferable.
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Level I
a.

estimation methodsjor a minimum of three sampling events minimum of twéve or
thirteen*independent nutrient samples should be collectgithin the same assessment

NEFOK® ! aS 2F RAFG2Y al YLX Sa | (24a®@S)f L I NB
they must be used in the assessmdbisperse sampling effort acrosges as much as

possible¢ KS ydzi NASyd RFEGF FNB S@Ffdad G§SR -dzaAy3d K¢
(YL S {-G8REYEDHNI iiKS aSlIyé¢ gKAOK | NB .K2dzAaSR |
the assessment reachisanew;uh 8 i SR & SINGY# ELIOA ISy Qa2 2 f PEf &
assessment reach is already listed for a nutrient, use MTY LI A | Y Ofowev e if ab Ef aé¢ o
stream is currently listed for nitrogen but not for phosphorus, useche-¢

b2y O02YLX Al yOS ¢ tephosghérisédatali 2 | aaSaa

In both spreadsheets, for either test, set alpha to 0.25 (25%) and the ceticaledanceate

(p) to 0.2 (20%) in cells B5,,BéspectivelyIn the Binomial test the effect size (p2; gray

zone) should be 0.15 (15%) and is set as a function afxbeedanc®Nd 4§ S {23 Ay dat
b2y O2YLX Al yOS¢22t oEf aé GKAA YSIya- Lk aKz2dzZ R
I 2YLX Al yOSc¢c22t dEf aé Lm &aK2dzZ R 6S aSid (2 nonp

lower exceedanceate (e.g., 10%) is needed, the gray zone veiidhto be adjusted

accordingly.

Compliance with the nutrient criteria is determined via decision rules, which cortbieler

Chlaand AFDWaverages calculated for each sampling evérg, results from thetwo

nutrient statistical tests, and diatommetric results (if available)Go to the first tab of the

9EOSt &ALINBIRAKSS(H yI YSRIf theoréstliisiclead (AsSessmenNt Y S 6 2 N
reachisor is notnutrient impaired), you are finishedf not, follow the instructions in the

spreadsheet for levdl assessment.

Most often, you will be assessing both N and P in an assessment reach. Consider the N and P
results sideby-side; does is appear that one nutrient or the other is giving a clear signal

(e.g., Binomial and-test are both FAIL forotal Phophorus B, but both PASS fdrotal

Nitrogen T'N)?In this case, the best nutrient to list would be. Mixed results for both

nutrients often will require a move to a level Il assessment, and may lead to listing both N

and P

Moving to level Il often (not always) involves additional data collection, including more
nutrient samples antbenthicalgalChla/ AFDW sample$evel Il data include both diatom
and macroinvertebrate samples (at le@st sampling events for eachlhe exeption to
this is the Middle Rockies ecoregion, for which there are no validated diatom increaser
metrics. In this ecoregion collect at least three macroinvertebrate samplés for level |,
each sampling event fatiatomsshould be considered oits own merits (do not average

3 Treat each

CH sampling event as an independent evaluation of use supprtnot average together results

from different sites within the assessment readiiChla is measured more than @e at the same site, treat each
sampling event as unique (NOT as temporal repeat measures)

* Twelve ind
nutrients on

ependent nutrient samples for new, unlisted streams, and thirteen for streams already listed for
the 303(d) list. A nutrient sample isyae of nutrient (e.g., TP or TN§ample minimums apply &ach

nutrient type. Smaller sample sizes may be justified; Seetion 3.2.2.1this document
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results across sitesr across timeat a sitg. In contrastmetrics scores from
macroinvertebrate samples collected across tiat@ siteshould be averaged together;
however, keend assesdata fromdifferent sites separate\When your dataset isready,
first pass data again through the Level | proaesagNtrntAssessFramework.xidf results
are clear, you are finished; if not, go to th¥ @b,

b. Some data combinatiorat level Il 2" tab of the spreadsheetill still lead to an unclear
result If this occurs, @nsult with your manager about how to proceed.

For Warm WatePlainsStreams: Assessment is carried out as a level |, level Il protfebe level |
results are inconclusive, move to th& gevef.

Level i
a. Determine,for at least 3 sampling eventhe dissolved oxyge(DO) delta (i.e., the daily DO

maximum minus the daily DO minimurithe daily minimum can be measured ff@wn to
8:00 am, while the daily maximum usually occurs between gr8@o 5:00 pm
Alternatively, collect a lonterm DO dataset by deploying a YSI 6600 (or similar instrument)
in at least one site; measure DO for at leall day, with a 15min time step If using a
MiniDOTlogger, install a coarse copper mesh to deter algal growth and degiajays.
Even if you collect DO data with a deployed instrument, you still need a total of three
sampling events (three days$jowever,DO delta values needot be collected 30 days
apart. Alsq collectwithin the assessment readt least two diatom sampleznda minimum
of twelve or thirteerf nutrient samplesDisperse sampling effort across sites as much as
possibleTKS ydzi NASYy G RFEGF I NB S@I f dz {isSRF YR Ayr@AS 1 KS
GhyS YL S {-G8RSYEBONI GKS aSlyé¢ FT2dzyRlithg 2yS 27
assessmentreachisanew-um 8 1 SR aS3YSy Gz dza S dfahe Qb2y O2 Y LI
assessment reach is already listed for a nutrient, useQdmplianceT? f @ Bdwavér if a
stream is currently listed for nitrogen but not for phosphorus, usedhe-¢
b2y O02YLX Al yOS ¢ tephosphdrusédatali 2 | aaS4aa

b. See 1b abovén the Mountainousand Transitional 8eams sectionjor instructions on
setting test conditions in each Excel spreadsheet.

c. Compliance with the nutrient criteria is determined via decision rules, which consider
together the results from theliatom metrics, theDOdelta valuesand the two statistical
tests for nutrientsGo to the ' tab (plains level)lof the Excel spreadsheet
GbaNYyG! &asa &xCand yadyBm dadasets fiequire special consideration; see
Section3.2.4, scenario 2and Section 5.0or details. If the result is clear (assessmexach
isor is notnutrient impaired), you are finishedf not, follow the instructions in the
spreadsheet for level Il assessment.

d. Most often, you will be assessing both N and P in an assessment reach. Consider the N and P
results sideby-side; doess appear that one nutrient or the other is giving a clear signal
(e.g., Binomial and-test are both FAIL for TN, but both PASS for IFiPy#is case, the best

® SeeTable 51 later in this document for the list of ecoregions where this methodologstapplies
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Level li

nutrient to list would be TNMixed results for both nutrients often will require a move to a
level Il assessment, and may lead to listing both N and P

a. A level Il assessment will often require additional data collection, including more nutrient

and DO data, and (in some cases) biochemical oxygen demang) @@ As for level I,

each DQlelta valueshould be considered on its own merits (do not average results across
sites or across timehpsis also the case f@OR samplesWhen the data are ready, first

pass the nowarger dataset back through the Levelssessment proceds$ results are clear,
you are finished:; if not, go to the appropriate scenario in4figab (plains level 1)

Some level Il data combinations still lead to an unclear relultis occurs, @ensult with
your manager about howotproceed.
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Assessment Methodology for Determining Wadeable Stream Impairment Due to Excess Nitrogen and Phosphorus
Levelsc Introduction

1.0INTRODUCTION

The purpose of this document is to describe a framework for making deciSipasifically, itlefines a
process by which one can determiii@ wadeable stream is or is not impaired by nitrogen and
phosphorus pollution (i.e., excess nutrienfBhe docunent covers a number of subjects including how

to determine an appropriate sampling frame, which parameters are most useful for assessing nitrogen
and phosphorus problems, how many samples are needed, how data are to be treated statistically, and
how dispaate data types are to be assembled in a final decision matrix

In this document we have attempted to organize the information in a manner such that theaaser
locate whatthey need quickly, and then read further for details only if they wanittdK & K& £
discussions (i.e., why did we select a particular assessment parameter, why did we pick the impact
threshold, etc.) are found in the appendic®ge did this because we know that stream assessments are
time-consuming undertakings, and therefore useli§ want to access the critical informatiaasily

1.1 SCOPE OF THSSSESSMENMETHODOLOGY

Different assessment methodse recommended for different regions of the statéigure 11). The
assessmenparametersthat have been recommendedr each regio are the ones we believe are the
most accurate and sensitive for determining nitrogen and phosphorus imp@otsgdeable stremsin
thoseareas For examplewe recommend measuring dissolved oxygen in eastern Montana plains
streams but we have not recomnmended this approach foxestern Montana salmonid streamhis
should not be construed to mean that DO concentrations in salmonid streanmeaezaffected by
nitrogen and phosphorus pollutigror that in any way this recommendation overrides existing DO
standards fothosestate waters Rather, we believe that western Montanasalmonid streamshere
areassessment tools other than DRat are more sensitive andill more readily detect nitrgen and
phosphorousproblems

Be aware that near the boundary of the mountain/transitional zones and the plains zones, cases may
arise where the mountain/transitional assessmemethodsin this document continue to be the most
appropriatetools for somelimited stream reaches even though those stream reachegaographically

in the plains zone. Such instances will have taddressedaseby-case by the assessdrhis document
provides instruction on which assessment tools best apply in such situations
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Figure 11. Map Showing Different Regions in which Different Assessment MethodoloBestApply.

The areas shown in shades of green and black comprise the mountain and transitional streams region.

The areashownin shades of broweomprisethe eastern Montanaplains region.

As mentioned above, methods in this document apply to wadeable stre&a&Q workgroup spent
considerable time working to define the break between wadeable streams and rivers andauzable

rivers, the results of which amgresentedin Flynn and Suple@010) The waterbodies that araot

considered wadeable are provided belowTiable 11.

Table 11. Nonwadeable river segments within the state of Montana

River Name

Segment Description

Big HorrRiver

Yellowtail Dam to mouth

Clark Fork River

Bitterroot River to statdine

Flathead River

Origin to mouth

Kootenai River

Libby Dam to statéine

Madison River

Ennis Lake to mouth

Missouri River

Origin to stateline

South Fork Flathead River

HungryHorse Dam to mouth

Yellowstone River

Stateline to stateline
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2.0 RECOMMENDATIGB¥FORSOLATING STREAMREACH FOR
ASSESSMENTHESAMPLEFRAMB

Identifying and isolating an appropriate stream reach (sample frame) is the first required keesk
following definitions are presented:

f Sample FrameA wadeabléstream segrant listed in the Assessment Data Base (ADB) (DEQ
2009, and updates) OR a sslkigment of an ADB stream segment. A segment such as this is
NEFSNNBER (2 Ay GKA& R20dzySyd la |y alaasSaaySyd
1 Population All the water flowing through the assessment realkthing the time period when
the numeric nutrient criteria apply, and the surface area of the stream bottom over which the
water flows.
1 Sampling Unit A sample collected from the assessment reach that is largely independent of
other samples collected withithe assessment reach and collected during the time when the
numeric nutrient criteria apply.

Asampling frame must be representative of the population and, in stream assessment, this demands
good judgment in the particular subject matter being studigettions A.1landA.2 of Appendix Aof

this documentwhich isan updated and shortened versionafi earlierAppendix HVarghese and

Cleland 2008)contain a discussion on appches to identifying assessment reaches

The key idea presented &ppendix Ais that each assessment reach assessed should be sufficiently
homogenous that data collected from sites along the reach can be considered to represent the entire
reach.Todetermine compliance with numeric nutrient criteria using statistical methods, it is important
that (1) pollution sourcegenerally be eenly dispersed along the reach, and (2) each sample is
independent of the otherd-ollowing up on this idea, if an assessineach appears to need further
subdivision (e.g., into a reach above and a reach below a pollution point source), then each new
assessment reach should generally be sampled with the same intensity (i.e., minimum sample size) as
the parent reach would havbeen if it had not been subdividethis will assure that the statistical rigor
associated with specified samgdize minima (discussed below) is maintaingtithe same timeas a

general rule, it is better to lump than split to avoid unnecessary sagalnd administrative work.

The need to create reasonably uniform assessment reaches is inherently in conflict with the need to
a f dzvihadpurposeof which is to keepstreamreachesfrom being excessively subdivided (and alleth
additional work that entils). Judgment is needed on the part of the assessor to balance these two
opposng factors and come up with an optimal sampling stratefpr any given stream

This process should be compatible with a randomized study of stream reaches astergjetesd, risk
assessment based approaches; again, the key point is that each assessment reach is sufficiently defined.

®Wadeable streams are perennial as well as intermittent (ARM 17.3(LE)Ztreams in which large portions of
the channel are wadeable during baseflow conditions. For the list of waterbody segnwrdsnsidered
wadeable (i.e., the large rivers), s€able 11. Derivation of theTable 11 list is found inFlynn and Suple@010)

05/16/16 Final 2-1



Assessment Methodology for Determining Wadeable Stream Impairment Due to Excess Nitrogen and Phosphorus
Levels; Sample Frame

Cases will arise where a stream reach (@gedefined in the ADB) is so short (one mile in length or
less) that it will not be possible to colldodependentsamples from a single site in a reasonable
timeframe. In such casgmore than one site can be established along the reach, with management
approval.
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3.0ASSEMBLING THNUTRIENASSESSMENDJATA INTO AECISION
FRAMEWORK

Section2.0 discusse@pproaches used to identify appropriate assessment reachas section
discusses how data that will have been collected from the assessmentaeathbe assembled into a
decisionmaking frameworkThe parameters and methods apply to wadeable stredosrwadeable
waterbodieswere listed backin Tablel1-1.

3.1 OVERVIEW OBSEFUPARAMETERS FQRRRYING OUNMUTRIENT
IMPAIRMENTASSESSMENTS

Among the vast array of parameters that can be measured in a stream, we narrowed the list to those we
believe are the besteadilymeasuableindicators of streammitrogenand phosphorugnrichment
(Table3-1). Many are discussed in Supleteal. (2008), andn the appendice®f thisdocument.

Table 31. Parameters in Streams that are Considered Useful in Assessing Nutrient Enrichment

Primary or
secondary
Parameter How collected Linkage tonutrient enrichment indicator*
Total instream concentrations are indicative
. of the level of nutrients that are ultimately .
Total nitrogen Water sample . . . . Primary
biologically available for autotrophic or
heterotrophic uptake.
Total instream concentrations are indicative|
Totalphosphorus Water sample of the _Ievel of n_utrlents that are ult!mately Primary
biologically available for autotrophic or
heterotrophic uptake.
Nutrients stimulate benthic algal growth in
. : wadeable streamsBenthic algal growth can
. . Benthic samplings of . g .
Benthic algal biomass develop to nuisance levels; nuisance algae Primary
stream bottom .
level is knownExcess algal growth affects o
DO have been documented.
—Instantal_weous By Nutrient enrichment stimulates autotrophic
. hand-held instrument, : s :
Dissolved oxygedelta . primary productivity and heterotrophic
: . at dawn and in the late| " . . .
(daily max value minus . decompositionof organic materialBoth of Primary
. . pm. Continuous . .
the daily min value) . these in turn affect dissolved oxygen pattert
monitoring by .
. in streams.
deployed instrument
As primary producers, diatoms can be direc
Diatom biometric . . stimulated by increased availability of N ang .
R Benthic sampling of ; ; Primary and
(nutrient increaser P. Diatom population structure has been
. stream bottom . . . Secondary
taxa metric) found to vary in predictable ways with
increasing nutrient enrichment.
Many macroinvertebrate taxa have been
Macroinvertebrate assigned a numeric value which represents
) A Kicknet samplingof | S OK 2NHBlIyAayvyQa G2f §
biometric (Hilsenhoff . . ! . Secondary
Biotic Index, or HBI) stream bottom oxygen/organic pollution. Resulting metric
' (HBI)Yfound to signiftantly correlate to total
nutrient concentrations in Montana streams
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Table 31. Parameters in Streams that are Considered Useful in Assessing Nutrient Enrichment

Primary or
secondary
Parameter How collected Linkage tonutrient enrichment indicator*
High BOD can indicate presence of large
) guantities of dissolved and suspended
Biochemical oxygen Water sample; .mL.JSt be organicmatter, whose decomposition can
at laboratory within 48 ’ Secondary

demand (BOE) produce a large DO deman@an help

hrs determine if DO sags are caused by high
primary productivity, high BOD, or bath
Stream macrophyte By hand; field zZi?évidtsehéﬂér;iggﬂnh?nﬁf tgnarli;llnsilhfirie Secondar
species identification phyte sp gnly P y

streams; loss oChara

*Primary means the parameters is considered to be a very good indicator of nutrient enrichment. Secondary
the parameter is considered a good indicator of nutrientichment or helpful in identifying other factors
affecting DO (e.g., BOD).

Note tha Table 31 contains physical and biological measureme¥ig support the longnheld view in
the WQPB that stream assessment |s best carried out by looking at both data types to'gﬂather
famouswaterLl2 £ f dzi A2y o6A2t23A40 | ®. 1&ySa a4FAR AL 0Sad
2y GKS | aaSaaYSYu 2F LRttdziAz2zy (GKS& OI HynBsh 4 02 @S NJ
1966)

The parameters iffable3-1 need to be arranged in a decision making framework in order to produce
consistent decision outcomes (i.e., stre@simpaired by nutrientsstreamis notimpaired by nutrients)
Figure3-1 below outlines the process we recommend for this purpose.
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1. Cokkct and/or assess parameters
recommended, by specified ecoregion(s), and

carry outthe level | assessment

Basedon thelevel | assessment, is the impairmer
decision clear (i.e., assessment resar is not
impaired by nutrients)?

NO YES

A

Done

\ 4

2. Is there the minimum amount eéquired

specific to level I

3. Collect additional data
y including parameters

assessment scenari®ften

data available to carry out a level Il
assessment?

YES NO

A 4

4. Carry out the level Il assessment

Based on the level Il assessment, is the impairm
decision clear (i.e., segmenrbr is ot impaired by
nutrients)?

this will equate to a second
¢Sk NRa RI,ard

should include collection of
additional primary data
types as well as the
specified secondary data
types

NO

YES

\ 4

Done

l

5. Discuss results with management and DEQ
specialists to try to come to a resolution on the
& G NB | Y Q ampgirdenhskatbsPieferred

outcomeof the discussiod A f f

AYLI ANBRE 2-NY &GN 8z8RR S ¢

0S SAd

Figure3-1. How-path for decision making using data parameters in TaBl&.

If the level | assessment leads to an unclear decisi@assessor should then use tih&ta (primary and
secondary, if data sufficiency met) to carry out the level Il assessnieatevel | assessment is
inconclusive and leads to 4*¥ear of data collection, always pass the nianger dataset back through
the level | assessment matfixst. It may result that that the conclusion is now clear, without having to
go to level INOTENothing in the approackhown inFigure 31 precludes an assessor from collecting,

"The approach shown iRigure31 Of 2 aSf & LJ NI f f Sf &

Environmental Protection Agency 2002geFigure 3.2 page 310 of that document

iKS R

OAaW.8y TNI YSs2N]

05/16/16

Final

3-3



Assessment Methodology for Determining Wadeable Stream Impairment Due to Excess Nitrogen and Phosphorus
Levels; Decision Framework

in a single field season, all data needed to compldexal | and devel || assessment. Situations may
arise (e.g., land access issues) where this approach is preferable.

As can be seenne notable aspect of the approachkigure3-1is that the data we have labeled

G a S O2 yTRtieBRD are bought into the decision framework only after the primary data have lead

to an unclear conclusion. In effect, secondary data are being held to the side until the primary data have

been played out to their fullesThe approach attempts to keep datambination scenarios to a

YAYAYdzY YR RSOAaA2Y YI1Ay3 & aAYLIXS Fa Aa NBIaz
posited without necessity®)

The dfferent combinations of results that casccurhave been assembled in an Excel spreadsheet
(NtrntAssessFramework.gK). In the spreadsheethe useridentifiesthe unique combination of results

from their assessment reachnd thenderives a conclusionFor eaclcombination of resultsthe

spreadsheet provides avutcome (i.e., nutrient impaired, netutrient impaired, unclear), and an

SELX yLFdA2y & G2 6KIG A& .Dikdgrebtipdramsterderg@deBein Ay (KS
different geographic regios, therefore the user must use the talder the regionapplicable to their

stream Regional tabs are further subdivided to correspond to a level | or level Il assessmehg per

approach shown ifrigure 31. As an examplehree resultcombinations for the mountain and

transitional region are giveim Table3-2.

Table 32. Three combinations of results, and the conclusions that can be drawn from them, using
parameters listed in Table-3.

All three examples apply to streamstb&é mountain and transitional region of the state, and are from
level | assessment.

Diatom Increaser
Nutrient TaxaProbability of
Binomial | Nutrient Benthic Impairment Further
Scenario Test T-test Algae (OPTIONAL)* Resulting Decision Sampling?
Waterbodyis not
KM H N . . -
Chla/m?2 nutrient impaired All
1 PASS PASS 2 NJ K¢ <51% indications show that No
AEDW/ the str_eam isin
compliance.

8We did this for twareasons. First, we believe that in most cases some types of data are inherently better for
nutrient-enrichment assessment than others, and if the decision can be made using those data alone, the
assessment will be simpler and less expensdeeond, it rduces the total number of dataombination outcomes
and, in turn, the number of scenarlwy-scenario conclusions about impairment that have to be made. To illustrate,
for any given data type for which there is a dichotomous outcome (i.e., resabibigeor below some threshold),

the number of possible permutations is 2 raised to the number of data tyffe®e data types result in {p= 8
possible datecombinations, and one must consider what each unique combination of results is saying about
nutrient impairment Five data types considered together already results in 32 unique combinations, andlso on
not all of the additional data are as useful as the previous, it becomes questionable whether the additional work,
cost, and complexity are warranted
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Table 32. Three combinations of results, and the conclusions that can be drawn from them, using
parameters listed in Table-3.

All three examples apply to streamstbé mountain and transitional region of the state, and are from
level | assessment.

Diatom Increaser

Nutrient TaxaProbability of
Binomial | Nutrient Benthic Impairment Further
Scenario Test T-test Algae (OPTIONAL)* Resulting Decision Sampling?

Waterbodyis nutrient
impaired Nor+
compliance with the T

>120 mg test suggests that pulsed
2 .
12 PASS FAIL Chla/m >5106 nutngnt Iofe\ds are No
or>35¢g allowing high algae
AFDW/nd biomass to be

maintained via luxury
uptake. Diatoms confirm
enrichment finding.

>120 mg Waterbodyis nutrient
Chla/m? impaired All indicators
0,
16 FAIL FAIL or>35¢g >51% show that the stream is No
AFDW/m not in compliance.

*However, if the data minima are available for diatom metric category, they must be used in the decision
framework

Subsequent sections will provide detail on which assessment parameters apply where, which statistical
tools are to be applietb which parametersetc. The important point to note here is that the
combinatiors of results yowvill encounterhave beeraccouned for in the spreadsheebol
(NtrntAssessFramework.gk).

Returning toFigure 31, tK S a5 A & Odza & NXB & dahdDEQ spécialigts 2 dz( 102 IS y2(0 O dzNE
when the level Il assessment has still not resulted in a clear concli$imnesolutionstepwas

suggested by Mark Bostrorfofmer DEQ Bureau Chief) as a way to come to a conclusion without ending

up in an endless diwop. Details of this processill be included in future updates potentially useful

framework for carrying out the determinatidmas been developed by ER@ormier et al. 2000; Cormier

and Suter, 11 2008)

3.2 DETAILS ON THUSE OINITROGEN ANPHOSPHORUSONCENTRATIADATA
ANDOTHERM EASUREBARAMETERS OSUPPORNUTRIENAIMPAIRMENT
ASSESSMERST

As noted above, different groups of paratars best apply tgarticular regions of the statd.he

applicable list of parameters, their impact thresholds, and the delineation of the regions are provided in
Section 4.Qmountain and transitional streamshd Section 5.Qplains streams)n order b maintain
reasonabldemporal independenceajutrient samplesshould becollectedat least two weeks apart at

the same site. Other parameters should be samglbdut 30 daysafter the previous samplingThere

are exceptions to this; see individual parameter lisbection 3.2.below.) Satial independence of

sites within an assessment reacéin generally be established following theseguidelines:

05/16/16 Final 35



Assessment Methodology for Determining Wadeable Stream Impairment Due to Excess Nitrogen and Phosphorus
Levels; Decision Framework

Sites (or short reaches equivalent to sites) shdaddocated a minimum of 1 stream mile apart.

Sites may be placed < 1 mile apart along the assessment reach if there is a flowing tributary

confluencing with the segment between the two sites.

1 Try to collect water samples starting at the downstream enchefassessment reach moving
upstream, to avoid resampling the same water.

1 Land use changes and land form changes should be considered and can be used to help define

additional sampling sites within an assessment reach.

= =

SeeSction A.3in Appendix Afor the derivation of these guidelines.

Numeric nutrient criteria apply during summer baseffowalso referred to as the growing seas&art
and end dates for the growing seasonyhy ecoregior{Suplee et al. 2008%eeTable 33 below. These
dates should be adhered to for collection of the other parameterBable 31 as well However, a ten
day window (plus/minus) on the Growing Season start and embelsda acceptablen order to
accommodate yeaspecific conditions (e.g., an eadyding spring runoff). The assessor should use
their best professional judgment when deciding if early or later sampling issmad.

Table 33. Start and Ending Dates fa hree Seasons (Winter, Runoff and Growing), by Level llI
Ecoregion

Start of End of

Start of End of Start of End of Growing Growing

Ecoregion Name Winter Winter Runoff Runoff Season Season
Canadian Rockies Oct.1 April 14 April 15 June 30 July 1 Sept.30
Northern Rockies Oct.1 March 31 April 1 June 30 July 1 Sept. 30
Idaho Batholith Oct.1 April 14 April 15 June 30 July 1 Sept. 30
Middle Rockies Oct.1 April 14 April 15 June 30 July 1 Sept. 30
Northwestern Glaciated Plains Oct.1 March 14 | March 15 | Junel5 June 16 Sept. 30
Northwestern Great Plains Oct.1 Feb. 29 March 1 June 30 July 1 Sept. 30
Wyoming Basin Oct.1 April 14 April 15 June 30 July 1 Sept. 30

3.2.1. Nitrogen and Phosphoru3ata
The nitrogen and phosphorus criteria aret presented in this documentReaders shouldefer to
Circular DEQ2A(Montana Department of Environmental Quality 201Bease use the most updated
versions of thestandards as found in Circular DEIRRA,in all assessment€heck withthe Standards

Modeling Sectioon status.

Nutrient (TN, TP) concentration datam an assessment reactne to be assessed collectively, ial,

nutrient data collected alonthe reach are to be assessed togethesing statistical testdVe
recommend two statistical testing procedures to evaduthe nutrient dataset; the Exact Binomial Test
andthe Ong{ I Y LI S { HesizRiShé é€naThe rationale for using two statistical testsris
Appendix A The tess are intwo Excel spreadsheets and their use is descridw.

To use thestatistical tests, do the following:

% Lakes generally require yeasund nitrogen and phosphorus criteria if they are to be protected from cultural
eutrophication This may in turn affect the timef-application of nutrient standards in the nefield tributaries of
those lakes.
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f Fornew,uH A 4GSR &0GNBIY as83yvySyidaz dzasS-ikKS 9EOSt & LN
b2y O2YLX Al yOS¢c22t 0oEf aé @
 Foralreadyf A8 G0SR &a0NBIY a83ayvySyi dza S -G KS 9EOSt aLN

I 2YLX Al yOSc¢c22f OPEf &¢

f In both tools, for @&her test, set alpha to 0.25 (25%h)For the Binomialset the critical
exceedanceate to 0.2 (20%) in cell Bbheeffect size (gray zone) should be 0.15 (15%) and is
set as a function of thexceedanceate.{ 2> Ay-b@KO2& &k Al y Ofetrs pX OEf & ¢
aK2dzZ R 6S aSi (2 noop O0ADPS@YLBVGE DSt @@d oEY GZ
set to 0.05 (enter 0.05 in cell B7).

Both tests (Binomial,-est) will produce a result (PASS, FAIL). For the Binomial, you need to compare
thendzYo SNJ 2F SEOSSRIy(C8éazaRk2dzyRoayi(i 08t d8§i56a0G2 (KS
exceedances manifested by your dataset and the decision iulesv 4 in each of the spreadsheet

tools. For the Test, you will need to enter the dataset into therspdsheet along with the criterion

concentration against which the data are being compared. If the assessment reach is found to be

compliant with a test, per the spreadsheet decision rules, the result is PASS; if the assessment reach is

found to be norcomplaint with a test, per the decision rules, the resslFAIL.

Note: If a non 303(dJjisted nutrient species is the same element as a listed one (e.g., stream is listed for
nitrate, but you are also assessing TN, and TN is not currently listed), ugeattle 2 YLI A y OS¢ 22 f OE
for the nontlisted nutrient species as well

3.2.1.1 Minimum Sample Size for Nitrogen and Phosphorus Data

In the vast majority of cases the assessor will lzaéing the nutrientimpairment decision with a fairly
small nutrientconantration datasef(probably< 13 samples)Statistics derived fromnsall datasets
such as these arsubject to a fair amount of uncertaintiFor exampleputcomes from theBinomial Test
(compliant, noncompliand will, for nutrient sample sizearound13, haveconfidence levelsf about
75%(i.e., alpha and beta erraf about 25% each)

For assessment reaches, the target number of nutrient samples is 12 (ndistathstream segments)
or 13 (alreadylisted stream segments). The rationale for thesenple sizes presented irAppendix A

HOWEVERCases exist where a dataset smaller than 12 awill®rovide a sufficiently clear result that

further nutrient sampling is not warranteét about 6samplesor less, beta error in the Binomial test

canbecome unacceptably high (> 65%) and increasingly worse with smaller-8 samples, however,

there are cases where a certain numbeeateedancd ¢ 2dzZ R 0SS SEGNBYSt & dzyt A1 S
true exceedanceate was much in excess of 20¥herefor& T2 NJ & I Y LI eScegddnte®an 2 F 71 X
be considered FAIL for the Binomial tdfk4 exceedance are found, sampling should be resumed until

the minimum of 12 or 13 is achieved. Th&e$t can also be used with 7 samples but its power igfow

at this sample sizéd?lease seéhe bullets inAppendix A Section A.5

Also, circumstances may arise where nutrient samplingigyptannedover two field seasons may lead
to a reduction in the necessary number of samples exampleif at the end of yeaone ten (10) TN
and TPsamples have been collected from an assessment reach on an unlisted stream, and the number

1% Alpha,exceedancerate, and the gray zone can be changed via the input cells in the upper left hand corner of the
spreadsheet.
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of exceedance ineachdataset is one (1)t would not be necessary to collect the addition two samples
(to achieve 12) the following yearhis is lbcause even if botbf the subsequent samplesere above

the criteria, the decisiomutcome(assessment readfattainst) would not be alteredAssessors should
consider these types of situations at the end of each field seasorderto best opimize work and

cost.

Important CaveatWhen the nutrientconcentration dataset is largagdefined below), the nutrient
impairment decision should be made using nutrient concentrations alone.

9 Large nutrient dataset for alreadisted segments90 sampes in the assessment reach
9 Large nutrient dataset for unlisted segmer§€ samples in the assessment reach.

The large sample sizes were determined using the Binomial distribution with an alpha of 0.05 (95%
confidence level) and a balance between alphd beta error (i.e., beta is also about 0.05)

If the large sample sizes listaloveare available, thassessoshould generally forgo the use of
parametersother than total nitrogen and phosphorise.,the other parametersn Table3-1) in
nutrient-assessmendlecision makingNutrient concentrations alonean be usedo assesstandards
compliancevia the Binomial test only.

3.2.2Minimum Sample Sizefor Other Parameters

The remaining parameters fable3-1 (with the exception of BDs; more on itbelow)are effect
variables, i.e. thewre affected bychanges in nutrient concentrationSample size requirementsr
each parameteare summarized belovEachresult, from asampling evenaind for a parametershould
normallybe considered on its own merits whesing the decision spreadsheet
(NtrntAssessFramework.xIs) andmpleting the assessmeriExceptiongo this exist;seebelow. The
parameters applicable to specifiegiors (mountain and transitional streamss.plains sreams)andthe
impact thresholds associated with those parametersgivenSection 4.0and Section 5.0lmportant
Note: Within their region of application, parametershown beloware requiredin orderto carry out a
level | assessment (see FigurelB If a parameter isonly requiredfor alevel || assessment, this will be
indicated

BenthicAlgal BiomassSamplegChla and AFDW)ALt least hree(3) sampling events for benthic algal
biomass are to be carried out ihe assessment reacfThese may inctie approved visual estimation
methods.If more than one site is established in the assessment reach, disperse sampling effort across
the different sites Otherwise, assure that about 30 days have passed before santiplirgpme site

again

Diatom SamplegNutrient Increaser Taxa Metric)At least two (2) diatom sampling events are to be
carried out in the assessment rea¢hmore than one site is established in the assessment reach,
disperse sampling effort across the different sit@herwise, assurehat about 30 days have passed
before sampling again at the same siéote: Diatom samples arezquired at level | in the plains, but
are onlyrequired for alevel Ilassessment in thenountain and transitional regionHowever, since
there is novalidateddiatom increaser metrics fadhe Middle Rockies ecoregion, they are not required
to be collectedhere.
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Macroinvertebrate Samples (HBI Metrickt least two (2) macroinvertebrate sampling events are to be
carried out in the assessment regainless the & is in the Middle Rockies ecoregion, in which case at
least three (3) sampling events are to be carried funhore than one site is established in the
assessment reach, disperse sampling effort across the different Sitegy one site is present ighe
assessment reagtor if you decide to collect acrossme samples at several sitesollectthe across

time samplesat the sitgs)approximately 30 days apafthe acrosstime HBI scorefrom a siteshould

then be average prior to comparison tahe threshold If you only have one sitgzou will onlyhaveone
HBI value for the assessment reaolcompare to the thresholdNote: Macroinvertebrate samples are
only required for devel llassessmentand onlyin the mountain and transitional region

Sanpling to Determine Dissolved Oxygen Delit least threg(3) DO sampling evenfse., dayshare to

be carried out in the assessment reach. If more than one site is established in the assessment reach,
disperse sampling effort across the different site® deltas fluctuate rapidlyand therefore you do

not needto wait 30 days to collect subsequent DO data at a sker example, collection at a site over

3 contiguous days is acceptabldhe more DO deltas that can be collected in the assessment reach, th
better.

BOD: At least threg(3) BOD sampling events are to be carried out in the assessment reach. If more than

one site is established in the assessment reach, disperse sampling effort across the different sites

Samples for the standardday biochental oxygen demand (B@QDest are similar to nutrient samples,
inthatthey are astreand I G SNJ YSI &dzZNBYSyd GKIFG OFy OKFy3aS NI LAR
according to other factors (e.g., wind mixinypte: BOR samples are only required forlevel Il

assessment, and only in tipdainsregion.

Observation Data for Macrophytes and Benthic Algdle Aquatic Plant Visual Assessment Fagro
befilled outin accompaniment with each benthic algal biomass and/or diatom sampling .dvehbuld
also be filled out at each site in the assessment reach at least once each sufraneyss a summer
growth conditions have notably changed at the site, fill it out again.

3.2.3 Determinethe Nutrient Most Likely to be Harming Use(s)

Normally both N andP, and potentially different species of N (e.qg., nitrate, TN), will be simultaneously
evaluated within an assessment reach. Cases will arise where thethause signal from one element
or the other is clearly stronger, which will help streamline theeasment determination and

subsequent work (e.g., TMDL developmeAi) example is provided below.

Table 34. Simultaneous Review of Multiple Nutrients and Effect Variahles

Assessment Reachl  Nutrient n Binomial T-test Diatom Increaser Taxa| Benthic Chh
Fred Crreach 1 NO+NGQ 14 PASS PASS Exceeds criteria Exceeds criterig
Fred Crreach 1 TN 14 PASS PASS Exceeds criteria Exceeds criteria
Fred Crreach 1 TP 14 FAIL FAIL Exceeds criteria Exceeds criterig

Total P results ifable3-4, when run througtthe assessment process in the

GbONYG! &84S a&CNILINSI2RE KES®BS NBadzA G Ay + Of SINJ aydzi
is largely driven by the two FAILS for the statistical tests (i.e., TP concentrations were very elBuhted)

because ach nutrient type is assessed separately ahtis PASS for both statistical teskte TN

outcome is considered unclear and would, as a reguliye to level lIAs a result, the Timpairment
determinationwould be driven only by the biotic response \abies and not by Téée scenarid0,

Wiountain and Transition&tab, in NtrntAssessFramework.x)sHowever, the most succinct conclusion
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OF3AFAYT LILX &Ay3d hOOFYQa NIT2ND A& GKIG GKS LINROE
be seen inrable3-4, and only P should be listefirranging and reviewing the data as show able3-

4 should prevent unnecessary chasing of vagesults fora nutrient when clearly the alternate nutrient

is the issue.

Cases will arise where both nutrients will give mixed results within the two statistical tests, and
therefore neither nutrient is clearly the culprin such cases, in accordance with the final outcome of
the weight-of-evidence assessment, N and P should probably both be listed as probable. causes

3.2.4 Examples of Nutrientmpairment Decisions
Below are 3 assessment reach examples and their outcamegmonstrate the process.

(1) The assessment reach is in western MT and has 6 samplindgesitdssite has been sampled 2 times

for nutrient concentrations (TN, TP) and once for benthicaCAttion: The nutrient samples (n = 12) are
assessed, by type (TN or TP), using the two statistical tools, which will result in PASS or FAIL for each

test. Both TP tests are FAIL, but the TN testdatk PASS. Each of the six &€sampling events (each

comprisedof 11 replicates which have been reduced to sampéingnt averags) are independently

compared to the criteriaOne of them exceeds D2ng Chi/m? so declare Cldll & W9 EOSSR& [/ NA i
for the assessment reach. The data suggest a TP problem but hopeoblem, per methods iSection

3.2.3above TP is listeds the causeand further data collection and assessment for TN is not necessary.

(2) The assessment reach is on an easterrpMihsstream There are 3 sampling sites where nutrients
have beersampled 4 times and DO has bemmtinuouslymonitored by deployed instrumentor two
summer monthsat one site Action: The nutrient samples (n = 12) are assessed, by type (TN or TP),
using the two statistical tools, resulting in PASS or FAIL for escBoth TN tests are FAIL, TP tests are
mixed (1 PASS, 1 FADaily DO deltas from thiengterm DO dataset should bealculated and

compared to the DO delta threshold of 5.3 mgBecause this is a loAgrm dataset, close attention

should be paid tahe percent of DO deltas exceeding the threshold; if >10%wB@d be declared
WOEOSSR& / NAGSNALI Q. BbtA W afidKT8 aré susp&@di(¥ BuchimoneBtiorigli) and
should both be listed.

(3) The assessment reach is in western MT andagsessment has gone to ¥ gear of data collection
There are four sitedNutrients have been collected at the 4 sites three times, benthi@@fDW once

at each site, macroinvertebrate samples have been collected at 3 sites once each, and twicd"at th

site, and diatom samples have been collected at all 4 sites two times Aeitbn: All data from both

years are first routed through the level | decision framewditke nutrient samples (n = 12) are assessed,
by type (TN or TP), using the two sthgal tools, which will result in PASS or FAIL for eachBesih TP

are FAIL, and both TN tests are PE&&h of the four Clal and AFDWsampling events (each comprised

of 11 replicates which have been reduced to sampéignt averags) are independenyl compared to

the criteria One of them exceedst')’;l_:;/m2 AFDW, which is sufficient to declare @kl! C5 2 a WOEO
I NAGSNRFQ FT2NJ GKS | aaSaaySyd NBFOK® 9F OK YIF ONRBA
observation per site (three sites)dsnsidered independently. For th& 4ite, the two temporally

collected HBI scores are averag@ude of the preceding macroinvertebrate HBI scores is >4, thus

I DO deltas >5.3 mg/L comprise < 10% of the dataset, consider if the site has a strong presence of macrophytes
ornotLFT YI ONRBLIKe(iSa INBE GSNeB O2YY2ys l(lkfcraphyiéssare@@ dzf R 6 S R
O2YY2y3s Al O2dzZ R 6S RSOf I NBER WimdelingSedtian forfBtBed asgistiice. S NA | Q @
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WOEOSSRa /NAGSNAI Q g2dZ R 6S RSOt NBR F2NItheKS YI ON.
diatom increaser taxa scores (all 8) were each <50% probability of impairment, then the diatom metric
d02NE ¢2dd R 06S RSOfINBR a WaSSda /NAGSNRAIQ F2NJ
be impaired for TP at level | without hagito use the macroinvertebrate resultsor TN, the

assessmentouldmove to level Il assessment and thisuld show nutrient impairment; but that

outcome is driven purely by biometrics, which are sensitiviedith nutrients. The overall datasgper

methods inSection 3.2.2bove,suggests a TP problem but not a TN problémis listed, and further

data collection and assessment for TN is not needed.

3.2.5 Overwhelming Evidence of Nutrient ImpairmeAll Regions

Some circumstances related to excess iautr pollution are severe enough that a rigorous data
collection effort is not requiredPhoto documentation will sufficd8eloware listed conditionsthat can
be considered overwhelmingvidence; thesapply equally to wadeable streams across the st@bese
conditions are likely to be intertwined with organic pollution problems.

9 Fish kills involving massive growths of seimggalgae matsThese mats may be attached to the
bottom or floating Dissolved oxygen levels at dawn will likely be less thag/L.m

9 Filamentous algal growth covering the entire bottom from bank to bank and extending
continuously fora substantialongitudinaldistance $ 150m). Use the photographs below
(Figure 32 and3-3) as aguide 5 2 yc@niusethese conditionsvith sporadic, longitudinally
patchy growths of heavy filamentous growih between which therés lighter algagrowth. The
latter are not extreme enough to warrant overwhelming evidenaed should be
sampled/assessed per the method earlier described

Figure 2. Photograpts of heavy, bankto-bank andlongitudinally continuous Cladophora growth
Left photo is fom (Sandgren et al., 2004)
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Photo courtesy Dr. Vicki Watson.
Figure 33. MassiveCladophoragrowth in the Clark Fork River, MT, 1984.
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Levels; Mountain and Transitional Region

4.0NUTRIENTMPAIRMENTASSESSMENMETHODOLOGIE&/ADEABLE
STREAMSN THEMOUNTAIN ANORANSITIONAREGION

The followingsulsectionsdescribeassessmentnethods best suited fouse inmountainous streams and
streams that transition between mountains and plaiAgalysis shows that level IV and level llI
ecoregions are the most useful classification tool for defining nutrient zOr@ghese and Cleland
2005) and nutrient criteria have been developed using ecoregions as the base sgatag (Supleet
al., 2008). Consideration has also begiven to the legal classification system for streams, (83, etc.)

g KAOK RSTAY S agnate SeneficiaNdSdI hese & a R &igh degree of correspondence
between streams with salmonid fish among their beneficial useddged, Al, B1,B-2, C1, G2) and
certain groups of ecoregionSpecifically, the mountainous leviél ecoregions (15, 16, 17, and 41) plus
specified levelV ecoregions along the Rocky Mountain frontevel IVs that are subunits of the level
Il NorthwesternGlaciated Plains (42) and Northwestern Great Plains (43) ecoregicnmprise a
group well suited for assessment methodologies presented in this se&im(4) additional level IV
ecoregions (421, 42n, 430, 43t) that were mpoesented in Supleet al. (2008) have been added to the
group. These four level IV ecoregions are also transitional along the Rocky MountairaRdocwmprise
regions in which all or virtually all waterbodies are classified as supporting salmonid fishes among their
beneficial use. The regions are shown rable 41.

Table 41. Ecoregions (levels Il and 1V) in which Assessment Methods in this Section Best Apply

Ecoregion Scale Ecoregion Name Ecoregion Number
Level 11l Northern Rockies 15
Level lll Idaho Batholith 16
Levellll Middle Rockies 17
Level lll Canadian Rockies 41
Level IV Sweetgrass Uplands 42|
Level IV Milk River Pothole Upland 42n
Level IV Rocky Mountain Front Foothill Potholes 42q
Level IV Foothill Grassland 42r
Level IV Unglaciated Montana HigRlains 430
Level IV Non-calcareous Foothill Grassland 43s
Level IV ShieldsSmith Valleys 43t
Level IV Limy Foothill Grassland 43u
Level IV PryorBighorn Foothills 43v
Note:TheS@Sft L+ SO2NBIA2Yy a! y3Iftl OAl G Séomedolygdniit | AIK t

Montana.Onlythe polygon located just south of Great Falls, $#iduld be considered part of the
transitionalstreamsgroup.! f 423 GKS f S@St L+ SO2NBIA2Yy aGaC220KATf(
associated with both the Middle Rockiasd Canadian Rockidsvel Il ecoregiongl2r polygons are

associated with the level Ill ecoregion (either Middle RockigSamadiarRockies) against which they

abut

4.1. ASSESSMENT BENTHIALGALGROWTH

For wadeable streams,ewecommenahat site-averagebenthic algae densities d20 mg Ché#/m? and
35 g AFDW/rhbe used as thresholdge., maximum allowable levels) preventimpact tothe fish and
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associated aquatic life us@se.,to maintain DO standards in DEA) andthe recreation us§ ARM
17.30.637(1)(9) Details on how these values were derived ardppendix B

Note: AFDW results from core samples showvero S Ay Of dzZRSR Ay RSUSNYAYAYy3 |
The method measures organic material from the entire core samplgusbthe surface where the
algae are growing, and will therefore ovesport AFDW

Each sampling evemésultshould be considered on its own merits when using the decision spreadsheet
(NtrntAssessFramework.x)sand completing the assessmeifhat is, if 3 sampling events for benthic

alga growth were undertaken and 1 of the @laverages exceeds the recommended threshold, then

i KZS O2y Ofdzaazy FT2NJ 0KS | daSaavySyid NBIF OKngEBINI G4KS o
a/m-.g

4.2 ASSESMENTUSINGBIOMETRICS

Biometrics based on diatom algaee stressorspecific (e.g., addresaitrient pollution) andapplyto
specific regionsA diatom sample that indicates >51% probability of impairment by nutrients indicate
the sample is from a site amifesting @ excessutrient problem Details on how the diatom biometrics
were developed and the thresholds derived are presented in the periphytor(l8@MRana Department
of Environmental Quality 2011b)

Always consider cautioudlige results fromdiatom samples collected very early and very late in the
sampling seasar\lgae are a successional communépdif you sample too early, you will sample
fewer 'pioneer’ species and too late, you will start seeing the community as a whole disoiffie taxa
sooner than othersThese changes can affect metric results.

Vaiousbiometrics based on macroinvertebrate®wme reviewed We selectedhe Hilsenhoff Biotic Index
(HBI) as the best tool for assessing nitrogen and phosphorus pollution pro#ler8| scoref 4.0

should be used as the threshold (i.e., maximum allowsahlag to prevent impact to fish and

associted aquatic life useDetails on how the biometrics were selected and the thresholds derived are
presented inAppendix B

Each sampling evemgsultfor a biometricshould be considered on its own merits when using the
decision spreadsheet (NtrntAssessFramework)xdad completindghe assessmenfhat is, if 2 sampling
events formacroinvertebratesvere undertaken and 1 of the results was HBI score of 5.€hen the
conclusion for the assessment reach for thacroinvertebrateO I G S 32 NB  402(idzf, éxceédS) a H
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5.0NUTRIEN IMPAIRMENTASSESSMENMIETHODOLOGIBA/ADEABLE
STREAMSN THEPLAINSREGION

Table5.1 belowshowsareasof the state in which the methods of this section best apglysentially, ta
methodsapply toall of ecoregion 42 (Northwestern Glaciated Plains) ecategiord3 (Northwestern
Great Plainsgxcept forthe levellV ecoregions along the Rocky Mountain Front which are being lumped
with the mountainous ecoregions (sdable4-1).

Table 51. Ecoregias (level Ill) in which Assessment Methods in this Section Best Apply
Some level IV ecoregions associated with the level llls shown are excluded; these are listed belov
level Ill.

Ecoregion Scale Ecoregion Name Ecoregion Number

Level lll Northwestern Glaciated Plains 42

Level IV ecoregions of the Northwestern Glaciat
Plainsnot in the Warm Water Fishery Class:

Level IV Sweetgrass Uplands 42|

Level IV Milk River Pothole Upland 42n

Level IV Rocky Mountain Front Foothill 42q
Potholes

Level IV Foothill Grassland 42r

Level Il Northwestern Great Plains 43

Level IV ecoregions of the Northwestern Great
Plainsnot in the Warm Water Fishery Class:

Level IV Unglaciated Montana High Plains 430
Level IV Noncalcareous Foothilbrassland 43s
Level IV ShieldsSmith Valleys 43t
Level IV Limy Foothill Grassland 43u
Level IV PryorBighorn Foothills 43v
Note: The§ @St L+ SO2NBIA2Yy a! yAt L+ OAFGSR az2ydlylr 1 A3K t

Montana.Onlythe polygon located just south of Great Falls, isl€xcluded from the Warwater
Fishery Class.

Although there is a high degree of correspondence between level IV ecoregions and stream classes,
cases will arise where a stream reach clearly still has mountain/transitional charactexiias has

flowed into one of the plains ecoregionsTiable 51. As noted throughout, ecoregion segregations are
where the assessment methodologiksthis documenbest(but perhaps not always) apply. If an

assessor concludes thaspecific reach of streamriginating from the mountain/transitional ecoregions
continues to manifest salmonid stream characteristics after it has flowed into the plains ecoregions, the
assessor may apply the mountain/transition assessment tools descrilfgetiton 4.Go that reach.
However, because the numeric nutrient standards haserbadopted into state law the assessoust

use theapplicableplains ecoregion nutrient concentratiofisund in Circular DEQ2Ain their

evaluatiors using the Binomial andtést.
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5.1 ASSESSMENIJSINGBIOMETRICS

Biometrics based on diatom algae ateessorspecific (e.g., address nutrient pollution) and apply to
specific regionsA diatom sample that indicatess1%probability of impairment by nutrients indicates
the sample is from a site manifesting a nutrient problémetails on how theliatom biometrics were
developedare presented in the periphyton S@Rontana Department of Environmental Quality 2011b)

Eachbiometricsampling eventesultshould be considered on its own merits when using the decision
spreadsheet (NtrntAssessFrameworkdksnd completing the assessmefhat is, if 2 sampling events

for diatoms were undertakenand 2 ¥ (G KS NBadzZ Ga o6l a dcps LINRPOFOAT A
GKSYy (KS 02y OfdzaAizy FT2NJ GKS FaaSaaySyid NBIFOK F2NJ

Note: Diatom biometrics for the plains region hafarly high false negative rat89%; i.e., the chance
that the metric declares a truly nutriefampacted site as having no nutrient impacthis fact is given
considerationin that the resulting decisions in thepreadsheetNtrntAssessFramework.xslean
somewhat to the protective de.

Always consider cautiously the results from samples collected very early and very late in the sampling
seasonAlgae are a successional community, and if you sample too early, you will sample fewer
'pioneer’ species and too late, you will start segethe community as a whole die ofsome taxa sooner
than others These changes can affect metric results.

5.2 ASSESSMENISINGTHEDIFFEREN@ETWEENHEDAILYMAXIMUM
DISSOLVEOXYGENCONCENTRATIOND THEDAILYMINIMUM DISSOLVED
OXYGENDONCENTRATIQELTA

We recommend that the magnitude of the daily B@ncentration change (daily maximum minus the
daily minimum, odelta) be used to assegdainsstreams Elevated dily DOdeltavalues indicate high
productivityand the potential for DO standaréxeedance per DEQ7) that would impact fish and
aquatic life We suggest thaa DO delta 05.3mg/L be used as the thresholissessors need not wait
30 days to take subsequent DO measurements at a site; daGhsampling eventay be considered
on its own merits Details m how the DQthreshold wasdentified are provided i\ppendix C

Each DO sampling everstsult should be considered on its own merits when using the decision

spreadsheet (NtrntAssessFrameworkskBndcompleting the assessmenthat is, if 5 sampling events

for DO delta were undertaken and 1 of tB® deltasxceeds the recommended threshold, then the

O2yOf dzaA2y F2NJ GKS |aaSaavySyid NBIFOK TF2mMirherKS 5h RS
consgderation maybe neededf the data were collected lonterm®. Note: Do deltas in the plains region

havefairly high false negative rat89%; i.e., the chance that theO deltas indicate that truly

2| DO deltas >5.3 mg/L comprise 8% of the dataset collected using an instrument deployed at least 14 days,

consider if the site has a strong presence of macrophytes arfwtacrophytes are very common, the site could

0S RSOt NBR [I.Hma¢rapbyfesd are nbtNdmin@N#cdzfQR 6 S RSOf I NBR WwW52Sa b2i
Consult StandardslodelingSection for further assistance.
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nutrient-impacted sitehas nonutrient impact) This fa&t is given consideration in that the resulting
decisions in the spreadshediitfntAssessFramework.xlslean somewhat to the protective side.

5.2.1 Deploying a Continuous DO Monitoring Device in WadeaBlainsStreams
If a continuous monitoring device is to be deployed (e.g., YSI 6600 saadecommend that at least
one (1)full day ofdata be collectedo properly calculate a daily DO deltdiniDOTloggers (by
Preceision Measurement Engineerisfpould be deployedvith a coarse copper mesh to deter algal
growth on the sensor, and should be deployedger, on the order of 5 day3his is because they have
at times demonstrated a settling in period lasting a couple days (see MiniDOT QC memo 3,
http://deg.mt.gov/Water/WQPB/qgaprogram/sops The day of deployment and the day of retrieval are
usually truncated, and sat leastone full dayin between assures theecessary data areollected We
recommend a fifteen minutéime step for monitoringas that has worked weh iour experiencend
provides good data resolutioinitial calibration, as well as drift from calibrationvhich is determined

at the time the unit is retrieved should be documentedJSNJ G KS LINRP 2S04 Qa v!tt | yR

5.2.2 Instantaneous DO Monitoring in WadeabRlainsStreams

Daily DO minimum and maximum concentratiazechneed to be obtainedandcan be collectedisinga
hand-held instrument Thedaily DOminimum needs to be collectestarting inthe pre-dawn hoursup
to as late as 8:00 arhe daily DO maximum wilsuallyoccur between 2:30 pm and 5:00 pm;
observations can be collected every-38 minutesduring this timeto identify the highest value
Gontinue monitoringafter 5:00 pm ifobservationsare still climbiig. Further details on how these time
frames were identified are provided Appendix C

The YSI 85 instrument has a 50 reading, maanal memory which can be used for collecting DO
maximums With the unit on and the sensor properly deployetbpressitie ENTER button for two
seconds to recordn instantaneous observatioata may be downloaded later.

For the purpose of calculating DO delta, at least 3 DO sampling guent3different days)should be
taken in each assessment readicollected at the same site, they dot need tobe collected30 days
apart(e.g.,3 days in a row is OK)

5.2.3 BODb

We recommend that biochemical oxygen demand, or B@I3o called just BOD), be used to assess
plains streams at level lVe recommed a threshold 0B.0mg/L be usedEachBODsampling event
resultshould be considered on its own merits when using the decision spreadsheet
(NtrntAssessFramework.xjsand completing the assessmefitat is, if 3 sampling events for BOD were
undertaken and 1 of th&8ODsxceeds the recommended threshold, then the conclusion for the
assessment reach for tRODO | (i S 32 NB >80 &k Rxteed) o

5.24 Algal and Macrophytdndicators of NutrientEnrichment in Wadeable

PlainsStreams

TheAquatic Plant Visual Assessment Famrthe chlorophylla SORMontana Department of
Environmental Quality 2011should be filled out when assessing plains streakithough na required
to fill out the form we recommend that the dominant macrophytes be identified, which will help with
your assessment back in the offigsing theinformation below
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In the Northwesten Glaciatedand GreatPlains ecoregics) streambed cover bylamentous algae

should generally be less than 30% for a single sampling event and lesX0th&% for the summertime
average Maximumfilament lengths should generally beell below80cmin lengthas a summer

average and €00 cm at all timesmost filaments wi be much shorte(Suplee 2004; Suplee et al. 2016)
(Although a somewhat tangential issube presence of a healthy and widely distributedcrophyte
community should be taken as indicative that the stream has a reasonable level of morphologic stability;
stream instability has been found to be a major factor in controlling algae and macrophyte dynamics in
prairie streams(Supleg 2004)). Thickness of closelgttached microalgae (e.g. diaton) stones should
generally be less thanA2mm (1Xobservation reach averag&uplee et al. 2016)

Throughout the plains regionttantion should be paid to théypes of macrophyte species preseme
have observed thataerthern watermilfoil (simultaneously known aéyriophyllum exalbescens
Myriophyllumsibiricum, andviyriophyllumspicatum L. vaexalbescenfMuenscher, 1944 DiTomaso

and Healy(2003)is extremely common throughout the Northwestern Glaciated Plains and
Northwestern Great Plains ecoregioms,has beembserved by othergKlarich 1982)However, in
A0NBIY aAGSa 6KSNBE KAIK ydziNASYyd SYyNAROKYSyid Aa 20
(and other macrophyt@®) nearcomplete replacementby coontail (aka hornwortCeratophyllum
demersum® Coontail is a rootless, free floating macrophytéough it can anchor itsetb bottom
substratesvia specialized buried stemghat can proliferate in streams which are being heavily loaded
with nutrients(DiTomaso and Healy 2008) this it is similar to floating and benthic algae in that it
relies on watefcolumn nutrients ér growth, becauseét does not take up nutrients from the sediment
via roots asother macrophyteslo. Choking mats of coontail, or its presence to the exclusion of other
macrophytes, should be taken as a strong indicator of nutrient over enrichr@érgeup and

panoramic photos should be taken to record the extent of the problem, and aide identification of the
plants inoffice.

Finally, wedocumentedduring the Box Elder Creek dosing st(8uplee et al. 201@hat Charaspp.
(commonly callegtonewort or muskgrass) were greatlgatessed in number in the nutnig-dosed
reaches compared to theontrol reach andalso comparedo the pre-dosing period Charaspp. area
branched form ofilgae, arean important component of natural aquatic ecosystef@slomaso and
Healy 2003)and are often associated with clean water.

'3 Coontail and watermilfoil can readily be distinguished in the field with a good macrophyte guidebook and a
handheld magnifying glass
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APPENDIA. STATISTICADONSIDERATIONS
A.1.OINTRODUCTION
¢KS ydzYSNAO ydziNASydi ONARGSNARAI | RRNBaaSR Ay (GKAa |

A N v oA A~

al YLX S aKl f f. AsSUeld) &ppropéate thfererdied statistical tests, assumptions about stream
samplingframes, etc. must be developed so that the criteria can be correctly apflied appendix

outlines these statistical considerations and provides rationales for the various approachel ateml
provides precautionary points where certain assumptioapatt from more conservative statistical
thinking, and discusses how improper sampling design has the potential to mislead a conclusion made
F62dzi | & NSheke&yissushagtrRdséd hargih are:

1 Sampling frames, populations, and sampling uititsstreams, and associated assumptions and
precautions

1 Consideration of what constitutes our best description of sample independence in streams
(spatial and temporal), and associated assumptions and precautions

91 Determination of appropriate criticaxceedancerates for nutrients (nitrogen and phosphorus)
1 Statistical testing procedures and accompanying decision rules

T  Minimum sample sizes

A.2.0 SAMPLEHRAME POPULATIONMANDSAMPLINGAINITS

All studies involving statistical evaluations of data requird thaample frame, population, and sampling
unit be defined Streams are particularly poor entities for establishing these parameters because
streams are an interconnected network rather than discreet entitsvertheless, streams are the
entities to be ampled so some effort must be made to segregate them into definable.utshe
purposes of determining compliance with numeric nutrient criteria, we define the following:

§ Sample FrameA wadeablé&'stream segment listed in the Assessment Data BABSB) (DEQ
2009, and updates) OR a ssegment of an ADB stream segment. These segments are referred
G2 KSNB la Iy alaasSaaySyid NBIFOKEd

1 Population: All the water flowing through the assessment reach during the time period when
the numeric nutrient criteriaapply, and the surface area of the stream bottom over which the
water flows.

“Wadeable steams are perennial and intermittent streams in which large portions of the channel are wadeable
during baseflow conditions. For the list of waterbody segmeatsconsidered wadeable (i.e., the large rivers), see
Flynn and Suple@010)
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1 Sampling UnitA sample collected from the assessment reach that is largely independent of
other samples collected within the assessment reach and collected during the timetiden
numeric nutrient criteria apply.

AssumptionsEat assessment reach (ADB segment orsedment) will be made up of a series of

sampling sites, or a series of very short study reaches that are essentiallygje®e (A21). The

minimum number of $&s on an assessment reaclpevidedin DEQBOP¢Montana Department of
Environmental Quality 2005rigure A21 illustrates the variety of ADB segments that may be found;
segmentlengths can vary tremendousliyor purposes of determining corgnce with numeric nutrient
standards using statistical methods, it is usually assumed that (1) pollution sources are evenly dispersed
along the reach, (2) sampling sites are randomly located along the reach, and (3) each sample is
independent of the othes (spatial and temporal independen@uidelinedfor sitesare addressed in

Section A.JDelow).

It some cases, ADB segments may have pollution prohflentspotsg concentratedonlyin aparticular

part ofthe stream, say, the lag&t stream milesin suchcases, it may not make sense to view the original
ADB segment as the best possible sampling frarhat is, it would be better to further stratify the
sampk frame and, thus, the population of interesthis will prevent distortion of results caused by
mixing together, for common analysikata from therelatively urimpactedsub-segmentwith data

from the impactedsub-segment For example, ifrigureA2-1 it might be prudent to consider the sub
segment upstream of the Star Mine as a sampling frame apart the subsegment below the mine
Stratification is common in studiesnployingpurely random sampling, where it is referred to as
stratified randomsampling(Cochran, 1977 Btratificationallows maximal precisioof estimates for
minimal sampling efforfNorris, et al., 1992)he assessor carrying out the analysis on an ADB segment
will have to judge iffurther stratification is warranted If it iswarranted then sampling requiremenis
described above and further detailed belpwould apply toeachof the new subsegmentgaka
assessment reachespdividually

Precautionary ConsideratiariBollution sources are rarely everdispersed along stream segments

violating assumption 1 abovAnd purely random sampling is usually not practical due to stream access
issues,etct F NASGAyYy3 2yfe (GKS {y24y 1 2mhwiiliniad gssedsmdnt LI2 € dzi
reach that has been broken out from a larger ADgnsentt could over represent the hotspots and

distort the statistical testsSampling and analysis plans (SAPs) should proceed witorigaied
sampling(U.S.Environmenal Protection Agency 200@)at works towards striking an equitable balance

between the number of hotspot sites and the number of anminimally impacted sitewithin the
definedassessment reacihat is, the aggregate of collected samples shoultepeesentative(U.S.

Environmental Protection Agency 20@#)the assessment reach as a whdlelvanced knowledge and

expertise of the field will be needed to accomplish {iNsrris, et al., 1992)and modifications to the

assessment reach boundaries canrbade orthe-fly during field work, if deemed necessary. It is

possible to sulsegment a stream reach to the point where, for a particular assessment reach, there

really is little left but hotspots; if this is the case, then the hotsotsrepresentatie of the assessment

reach As a general rule, it is better to lump than split to avoid unnecessary sampling and administrative

work. Therequirementto create reasonably uniform assessment reaches is inherently in conflict with

GKS ySSR (2 afdzvYL¥ F2NJ 0KS LlzN1J2aS 2F (1SSLAyYy3I | aa
to balance these two opposed factors and come up with an optimal samplimgtsgy.
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Although this quassystematic approach is not a substitute for truly random sampling it will, if carried
out properly, achieve goosample interspersion angpresentativenesd~orfurther discussion of
randomizationvs.interspersion approaches, see page 196 of HurlfiE984)

l Star Mine

Example sampling sites (hollow dots) are shown along each segment.

FigureA2-1. Four different stream reaches (shown by different colors), each esamting 1 sampling
frame (ADB stream segment)

A.3.0 DETERMININGAMPLENDEPENDENCE

According to definitions in Hurlbe(L.984), much sampling carried out by DEQ on individual streams
tends to violate spatial and temporal independence assumptions and results in pseudorepliEation
example, samples collected over time at a site can be serially correlated, which preengesal
independencdHurlbert 1984)However, the statistical viesadvocated by Hurlberire not universally
supported; contrary opinions on the matter can be found in the literaiiB®ewartOaten and Murdock
1986; StewarOaten et al. 1992; Osenberg et al. 19843 have led to what one journal referred to as a
G KSI f (i KeEcdbgidllAfpication®olume 4, No. 1, 1994 general, more needs to be known
about detection of norindependence and the frequency with which temporally independent samples
can be collecteqUnderwood 1994)

A.3.1 TEMPORAINDEPENDENCE

Timeseries collected samples from a site may be used in inferential statistical testing, if used cautiously;
this requires that one assumes that actual trends in time are identical in magnitude and direction for all
the sites across the stly (Norris and Georges, 199&)senberget al. (1994)examine timeseries serial
correlation of physical and biological measurements in a BACI (B&ftmeControlimpact) study and
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conclude that, in the marine environment they study, samglcan occur at a site every 60 days without
yielding substantial serial correlation

DEQ recognizake issue of temporal pseudoreplication, but afseds tobe practical about theeality

of sampling streas which, by their very nature, make collectiof independent samples difficulin

59v Q& NBTS ($ipiebal. ROOBB@dRE tias generally been used as a minimum time span
between sampling events at a site to infer temporal independesicwater samples. This time span was
based on the experiential observation that, during the brief Montana summer, substantial changes in
flow, temperature, and vegetation (both riparian and instream) occur from month to month, changes
that would likely &fect water quality But StewartOatenet al. (1986)recommend that the assumption

of temporal independence be tested, rather than assumidte DurbiAWatson test statistic is widely
used to check for timeseries serial correlain. Stream sites with monthly nutrient sampling during the
summer were available in Montana, and some of these sites were tested using the -WNatson
statisticResults are shown ihable A31 below.

Table A3L. DurbinWatson Values for Timseries Cdected Nutrient Samples at Selected Sites
All Samples were Collectégpproximately 30 Days apadutrients Showing Probable Tirseries Serial Correlatiol
(95% Confidence Level) are Highlighted.

Nutrient
Stream Site Months Sampled | Time Range| n | TotalN | Total P | NO.s
Rock Creek Site 2 June, July, Aug, Se|] 20012004 | 12 1.18 1.43 2.3
Clark Fork R. at Deer Lodge (site 9) July, Aug, Sept 19982006 | 25 1.81 1.78 1.68

Clark Fork R. above Little Blackfoot R,  July, Aug, Sept 19982006 | 26 2.01 1.57 1.46
(site 10)

Clark Fork R. above Flathead R. (site |  July, Aug, Sept 19982006 | 26 1.76 1.21 2.08

In general, Durbi#Watson values around 2 mean there is no serial correlation, whereas values greater
than approximately 2.5 or less than about 1.5 lead one to suspect negative or positive serial correlation,
respectively(Neter, et al., 1989; Ott, 1993)Vhat can be concluded from this limited analyik¥st

nutrients did not show serial correlation, and one of the three that did is borderline cases (statistic
=1.43, but power btest very low) Overall, it appears that serial correlation is present in nutrient

samples collected a month apart, but the effect is very wétdk evident that 3@day separated water
samples can provide a fairly high degree of independence for mixrie

2016 Update:

Methods. In 2016we made anin-depth analysis of temporalampleindependenceatternsas
manifested byMontanastreamnutrient datasets Historic nutrient data (1962012) from legacy
STORET aMT-eWQX were queried to findontiguois daily, weekly, or biweekly datasets (or close
approximations thereof). TP, TKN, and,N@ata were queried (little TN data exists in older datasets).
Timeseries datasets were located for 8ifferent wadeablestreams from eastern and western MT,
representingboth heavily polluted and relatively vimpacted sitegTable A32). Datasets with >16.6%
non-detects(U.S. Environmental Protection Agency 2086)ith other flagged data were eliminated.
DurbinWatson significance tables from Savin and W(ii®77)were used The citical boundfor
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decisiors (dU, the upper bound®) on each side of the ideal score of asusedto determine ifa given
dataset demonstrated serial correlation or n@5% confidence leveNVeincorporaed the previously
completedmonthly dataset resultsTiable A31 above, with updated dU decision threshads
necessary, per Savin and Wh{i77) Timeseries datasets werthen categorized as ragpsenting 3
day (i.e., sampling occurred about every three days), weekly, or biweekly sampling intéevalataset
did not exactly match one of these categorical intervals, it was placed in the closest category.

Table A32. Siteswith Nutrient Datagts Reguldy Sampled(every 3days, weekly, biweekly).

Station 1D Site Name Nutrient Interval
3732PR02 | PRICKLY PEAR CK JUST ABOVE KAISER CEMENT TKN 3-day
5614AS03 | ASHLEY CR JUST ABV KALISPELL WWTP OUTFALL TP, TKN 3-day, weekly
CBMSW1 | 0.25 MIUPSTREAM OF CONFLUENCE WITH DAISY CREEK NO3 weekly
5514AS01 | ASHLEY CR @ BRIDGE ABV CONFL WITH FLATHD TP, NO3 weekly
5613AS02 | ASHLEY CR @ BRIDGE ABV FOREST PROD CO. TP, TKN, NO3 weekly
5613AS03 | ASHLEY CR @ BRIDGE BEL FOREST PROD CO. TP, TKN, NO3 weekly
5614AS08 | ASHLEY CR @ BRIDGE NR DEMERSVILLE SCHOOL TP, NO3 weekly
5614AS01 | ASHLEY CR @ GAUGE STAT ABV STORM SEWER TP, TKN weekly
5513AS01 | ASHLEY CR AT BRIDGE ABOVE SMITH LAKE TP, TKN weekly
5613AS01 | ASHLEY CR AT BRIDGE BEL SMITH LAKE TP, TKN weekly
5512AS01 | ASHLEY CR AT BRIDGE ON ROGERS LAKE ROAD TP weekly
3127BL01 | BLACKTAIL CREEK ABOVE SILVER BOW TP, TKN, NO3 weekly
5317BO01 | BOND CREHEKPER NO3 weekly
SEELEY1 | CLEARWATER RIV AB RAINY LK NO3 weekly
SEELEY4 | CLEARWATER RIV BL LK ALVA NO3 weekly
SEELEY8 | CLEARWATER RIV BL SEELEY LK NO3 weekly
SEELEY9 | DEER CREEK NR SEELEY LAKE NO3 weekly
3125GE05 | GERMAN GULCH CREEK ABV CONF W SILVERBOW C TP, TKN, NO3 weekly
5317HA01 | HALL CREEKPER NO3 weekly
3326M102 | MILLWILLOW BYPASS NR WARMSPRINGS POND NO3 weekly
SEELEY10 | SEELEY CRK AT SEELEY LAKE TOWN NO3 weekly
32255103 SILVER BOW CR AT STUART ST BRIDGE OPPORT TP,TKN, NO3 weekly
31275107 SILVER BOW CR BEL COLO TAILS & SLTR HOUSE TKN, NO3 weekly
31265101 SILVER BOW CREEK 1 MILE BELOW RAMSAY TP, TKN, NO3 weekly
31255102 SILVER BOW CREEK AT ROAD TO FAIRMONT TP, TKN, NO3 weekly
33265101 SILVER BOW-CRWER PH SHACK NR WARM SPRG TP, NO3 weekly
3127SI101 SILVERBOW CR ABV CONFL OF BLACKTAIL CREEK TP, TKN, NO3 weekly
3324WA01 | WARM SPRINGS CR 1 MILE BRICERS DAM TP, NO3 weekly
FL1003 BOHANNON CR 11 MI SSE BIG FORK, MT. NO3 weekly, biweekly
3326WA01 | WARM SPRINGS CR AT MOUTH NR SILVER BOW CR TKN, NO3 weekly, biweekly
FL8008 ALDER CR 20 MI. WNW WHITEFISH MT NO3 biweekly
2529BI01 BIGHOLE RIVER NEAR TBRIDGES TP biweekly
2354BUO1 | BUTCHER GRR COONEY DAM RD TP, TKN,NO3 biweekly
2453BUO1 | BUTCHER @R MOUTH TP, TKN,NO3 biweekly
2253BUOL | BUTCHER @R SH78 TP, TKN,NO3 biweekly
3555CA01 | CARELESS CREEK AT MOUTH NR RYEGATE TP biweekly
3526CL01 | CLARKORK FBRIDGE JUST ABV DEER LODGE TP, NO3 biweekly
SEELEY7 | CLEARWATER RIV AB SEELEY LK NO3 biweekly
4814CR02 | CROW CR BLW LOWER CROW RES NR RONAN TP,TKN biweekly
4815CR02 | CROW CREEK ABOVE LOWER CROW RES NR RONAN TP,TKN biweekly
4714DUO1 | DUBLIN GULCH MDUTH NR MOIESE TP,TKN biweekly
4415FI01 FINLEY CK AT MOUTH NR ARLEE TP, TKN biweekly

*The procedure tests the null hypothesis of zero autocorrelation in the resigtaaise alternative that residuals

are positively autocorrelated. If a test result is greater than dU, the null is not rejected (i.e., no serial correlation
exists). Bes SSy R! |yR R[] A& (GKS (SadQa 3aINIre 12yS oNBadzZ G A&
always rejected (there is serial correlation). Either boundary (dU or dL) can be ubedcaisical thresholdThe

dUboundary, which we used, is more conservative as more cases will be found with serial correlation.
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2738G0O04 | GODFREY CK EAST FORK MOUTH TP, NO3 biweekly
2738G0O02 | GODFREY €RAST FORK MOUTH TP biweekly
2738G0O05 | GODFREY EREAR CHURCHILL TP, NO3 biweekly
FL8014 GRIFFIN C, LOWER 20 M| WSW WHITEFISH MT NO3 biweekly
FL8015 HAND C LOWER 21 Ml WSW WHITEFISH, MT NO3 biweekly
FL8016 HAND C, UPPER 23 MI WSW WHITEFISH,MT NO3 biweekly
4515J001 | JOCKO R ABOVE VALLEY CK NR ARLEE TP biweekly
4416J001 | JOCKO RIVER ABGWLEY CK NR ARLEE TP, TKN biweekly
4614J001 | JOCKO RIVER NEAR MOUTH AT HW 212 BRIDGE TP, TKN biweekly
4814L101 [ LITTLE BITTERROOT R NEAR MOUTH AT SLOAN TP, TKN biweekly
FL8011 LOGAN C, LOWER 14 MI W WHITEFISH, MT NO3 biweekly
FL8012 LOGAN C, MIDDLE 15 SNV WHITEFISH MT NO3 biweekly
FL8013 LOGAN C, UPPER 16 MI SW WHITEFISH, M T. NO3 biweekly
4615MI02 | MISSION CK ABOVE SABINE CK NR ST IGNATIUS TP, TKN biweekly
4714MI01 | MISSION CK AT HWY 212 NR MOIESE TP, TKN biweekly
4616MI03 | MISSION CK BLW MISSION REBRBVCR TP, TKN biweekly
4916MUO1 | MUD CK (UPPER) NR PABLO TP biweekly
4815MUO01 | MUD CREEK AT HWY 211 NR RONAN TP, TKN biweekly
5034MUO1 | MUDDY CREEK ABOVE DRAIN E TP, NO3 biweekly
5034MU03 | MUDDY CREEK ABOVE DRAIN M TP, NO3 biweekly
5134MU02 | MUDDY CREBBOVE EAST AND WEST FORKS TP, NO3 biweekly
5034MU02 | MUDDY CREEK ABOVE SPRING COULEE TP, NO3 biweekly
5134MU03 | MUDDY CREEK AT BRIDGE IN COREES/AOF TP, NO3 biweekly
3866MUO1 | MUSSELSHELL R AT HWY BRIDGE E OF MELSTONE TP, NO3 biweekly
3455MUO1 | MUSSELSHELL RIVER AT BRIDGE IN RYEGATE TP biweekly
3650MUO1 | MUSSELSHELL RIVER AT HARLOWTON UPSTREAM TP biweekly
3457MUO1 | MUSSELSHELL RIVER NEAR LAVINA TP biweekly
3553MU01 | MUSSELSHELL RIVER SOUTH OF SHAWMUT TP biweekly
3660MUO1 | MUSSLSHELL RIVER AT B5&BON ROUNDUP TP biweekly
4815NI01 | NINEPIPE RES OUTLET NR CHARLO TP, TKN biweekly
FL1001 NO FK LOST CR 3 MI. SE SWAN LAKE, MONTANA NO3 biweekly
4916NO01 | NORTH CROW CK ABOVE RONAN TP biweekly
4816NO02 | NORTH CROW CK AT MOUTH NR RONAN TP,TKN biweekly
3646NO01 | NORTH FORK MUSSELSHELL @ HWY 12 TP biweekly
FL1002 PORCUPINE CR 5 MI. SW SWAN LAKE, MT NO3 biweekly
4716P001 | POST CK ABOVE KICKING HORSE RES NR RONAN TP, TKN biweekly
4715P001 | POST CK AT HIGHWAY 93 BRIDGE TP,TKN biweekly
4715P004 | POST CK NWROUTH AT CO.RD BRIDGE NR ST IG TP,TKN biweekly
4615SA01 | SABINE CK AT MOUTH NR ST IGNATIUS TP,TKN biweekly
HUN103 SF FLATHEAD RIV 500FT-BIDAM NO3 biweekly
4916SP01 | SPRING CK NR RONAN TP biweekly
4815SP01 | SPRING CREEK NEAR MOUTH NEAR RONAN TP,TKN biweekly
5231TE03 | TETON R BELOW PRIEST BUTTE LAKE DISCH NO3 biweekly
FL8021 TRIB TO SQUAW MEADOWS C 23 MI SW WHITEFISH MT TP biweekly
4815WEO01 | WEST FORK MUD CK AT HWY 211 NR RONAN TP, TKN biweekly

Results.The most common dataséime intervalwasbiweekly 6=78), followed by weeklynE55) and 3
day 6=3. The most common dataset size was sampleq55 cases), the largest was n=2aB{day
intervaldatase). Resultsare plotted in FigureA3-1. This is the best fit relationship (natural log) and is
curvilinear with an Rof 0.84 Figure A32 is the same data buhcludesone assumed datpoint; it was
assumed that if streaswere sampled every minut@.e., high frequencyhpll case studies woulbave
serial correlation (think of TSS being samptadutely on the rising limb o& hydrograph). The assumed
data point provide a reasonable anchgyoint on the Yinterceptwhen derivinga bestfit curvilinear
relationshipusing an algorithnfGaussNewton in this case)he relationship ifrigure A32 isthe best

fit (i.e., lowest error sum of square$yut a Z“ order polynomial also reasonably fits tedata (R =

0.81; y = 0.0016x 0.0764x +1)The weekly and biweekly results do not plot exactly where one would
expect but the overall pattern o& cuvilinear relationship witlincreasingserial correlation with fewer
days between sampling eventscigearly evident irFiguresA3-1 and A3-2.

05/16/16 Final A-6



Assessment Methodology for Determining Wadeable Stream Impaitidue to Excess Nitrogen and Phosphorus
Levels; Appendix A

1.0 -

0.9 - y =-0.192In(x) + 0.8405
08 R? = 0.8405

0.7 -
0.6 -
0.5
0.4 -
0.3 -
0.2 -
0.1 -
0.0

@ 3day

Correlation

@ biweekly

monthly

Proportion Case Studies with Serial

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Days Since Prior Sampling Event

Figure /8-1. Bestfit curvilinear relationship(natural log) betweendayssince prior samping evern(x)
vs.the proportion of nutrient samplingcase studiesvith serial correlation(Y)
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Figure /B-2. Bestfit curvilinear relationship between days since prior samping event {X)the
proportion of nutrient samplingcase studiesvith serial correlation (Y). The line was fit using the
GaussNewton algorithm in MiniTab 17 and includes an assumed data point at that&¥rcept.
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Discussion an€onclusionBased on the earlier work @bleA3-1), DEQ has accepteger this
assessment methadthat 17% of nutrientsampling eventsvould have serial correlatioat the monthly
intervalsampling frequencyThis was considered a tolerable lev&hisupdated,more indepth analysis
was reviewed bYDEQ Standardslodeling staff and managemenith March 2016and we concluded

that the sampling interval could be reduced to two weeKEherelationship between daysince the

prior samplingevent andpercentageserial correlation in dataset case studies is cleaulyilinear

(Figures A3-1,A3-2). InFigure ARtK S O dzNIJ Sibbat7 daydSakd aktiio weekbe curveis into

the flattening part of the curvedrelationship.In both figures, aitwo-weeksamplingintervals, the

percent of sampling events with serial correlation wouldab®ut 30% below a critical concern level of
50%..  aSR 2y SELISNASYOS dzaAy3a GKAA R2O0dMéwhiQa | 4asSa
sampling to occur at twaveek intervals provides big advantages compleing field workand

assembling adequalg sizednutrient datasetsduring the short Montandield season. Given our better
understanding of the sampling interval/serial correlation relationship, we believed the pros of allowing
two-weeks between events greatly outighthe cons of somewhat more casegth serial correlation.

A.3.2 SPATIAUNDEPENDENCE

DEQ is aware that spatial independence is also a condéater flows from upstream to downstream,
consequently influencing the spatial independeméelownstream sampling sites. No generally
applicable spatiaininimums were found as of this writing. U.S.EPA guiddd&&PA2002 generally
glosses over the topic of spatial independence in streams

To address spatial indepemnaee, wetested a Montana datasetWe usedthe pre-dosing baseline data
collected as art of the Box Elder Creelutrient dosing studySuplee et al. 2016)Ve found thattotal
nutrient samples collected within hours of one another at two sites located 0.73 stream miles apart
were not spatially correlatedVe compared nutrient samples collected from the Lows®site to those
collected on the same day at the High Dose witéch is0.73 miles downstreanBox Elder Creek is
perennial and was flowing during all sampling events tributary intervenes between the sites
Samples were collected withir2Lhours ofone another, during the summer index peridfe only
considered samples collectguior to nutrient dosing, ashese arecomparable to what one would
encounter during routine stream sampling/assessméfting the Rank von Neumann test
(U.S.Environmental Protection Agency 2008 found that there was no serial correlation for total N or
G20Frt t O0A®PSPE ¢S O2dzxA R y2i NB2SOalphaok0Ps Thets t K& LI2 {
wasserid correlation forSoluble Reactive PhosphateRP. We were unable to assesoluble Nas there
were too many nordetects in the datasetsvhich led to too many rankies; too many rankies

precludes proper statistical evaluatig@ilbert, 1987)

Spatial independence can therefore be established (albeit as rules of tHfontb}al nutrientsas a
minimum of about Imile between two sitesOther factors leading to spatial independence include a
tributary confluencing on a stream between two sampling sites, or if major land form or land use
changes occur along the rea@flontana Department of Environmental Quality 2007; Montana
Department of Environmental Quality 2011a)

Givingconsideation to our findingsbelow are guidelinefor establishing independence shmples
collected within an assessment reach:

1 Sites (or short reaches equivalent to sites) should be located a minimum of 1 stream mile apart.
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9 Sites may be placed < 1 mile apalong the assessment reach if there is a flowing tributary
confluencing with the segment between the two sites.

9 Try to collect water samples starting at the downstream end of the assessment reach moving
upstream, to avoid resampling the same water.

1 Land use changes and land form changes should be considered and can be used to help define
(1) breaks between assessment reaches and/or (2) additional sampling sites within an
assessment reach.

1 And, perSection A.3.1nutrient amples collected at the same site (or short reach) should be
collected14 days apart.

Total nutrient eamples that meet the above conditions may generally be consideo#iuspatially and
temporally independent for the purposes of determining compliandd wie nutrient criteria. As such,

they may be used in inferential statistical analyses and to make conclusions about the assessment reach
in question.

Precautionary ConsideratiariBhe last bullet above (temporal independence resulting from approximate
14-day time spans) igot applicable for some bioassemblage samples (e.g., macroinvertebrates, fish)
These organism populations operate on different (longer) time scales from water samples and diatoms
and may show considerable yetar-year stability Please seeSection 9.00f Supleg2004)and Bramblett

et al. (2005)for more details on temporal patterns of these biological assembldgjatom populations

tend to shift quickly, within B weeks, in response to environmentdlangegLaVoie et al. 2008Thus,

this rate ofchangeis sufficientto be able to consider diatom saniipg events spaced 30 days apart as
being lagely independenof one another
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A.4.0 SELECTION ORFERENTIATATISTICAIESTSCONFIDENCE
LEVELSANDASSOCIATEDECISIONRULES

A.4.1RATIONALE FOBSINGTWO INFERENTIARTATISTICAIESTS TBIELP
DETERMINEOMPLIANCE WITNUTRIENSTANDARDS

Exhausve reviews of the pros and cons of statistical tests available for determining compligttice
numeric standards have already begmblished(U.S. Environmental Protection Agency 2062y

brevity, rather than revisit all the detailetbnsiderationgut forward in trose documents,
recommendations ar@rovided herein concerning what where judged to be the most applicable tests
These recommendations are then followed by a series of decision rules that allow the user to apply the
tests in tandemFor purposes of compliance with numeric nutrient criteria, twstseshould be used;

the Exact Binomial Test and the Ghd Y LJX S {-iésidBréhy Me@d

1 Exact Binomial Testhis test assumes data are dichotomous in nature (i.e., only two possible
outcomes. For compliance with a criterion this reduces to (1) samples that exceed the criterion
and (2) samples that do not exceed the criterion. If confidence levels, poweexaggdance
rates (more on these below) are established upfront, minimum sample siness@be
determined The main disadvantage of the test is that it is blinéxceedancenagnitude; that
is, it takes no account of whether a sample exceeds the criterion by 1% or 1,000%.

1 One{ | YL § {-iedd#Bréh¢ Me@@Thisitest does nassume the data take on a
dichotomous relationship relative to the criteriofhe test compares the mean of the samples
in question to the criterionThe desired confidence levels in the test are established upfront
But unlike the Exact Binomial Testisigreatly influenced by high values and outliers which can
skew the dataset mean relative to the bulk of the other samples in the dathsetalso
influenced by the proportion of nedetects in the datasét.

The Exact Binomial Test is useful for deting sample sizes, and is not influenced by large numbers of
non-detects in the datasetn fact, if the magnitude of nutrient criterioexceedance was irrelevant,

then the Exact Binomial Test could probably be used by.iBelfthis is not the cas@ne must consider

the issue of luxury nutrient uptake by algae.

One of the main purposes of establishing nutrient criteria is to control excess algae growth and its
effects on water qualityMany benthic and watecolumn algae have the ability to take tige non

limiting nutrient, be that N or P, in excess of immediate need and utilize it for growthtl&tes is

luxury nutrient uptakgElrifi and Turpin 1985; Portielje and Lijklema 1994; Stevenson and Stoermer
1982) If extracellular nutrient concentrations then decline in the water, growth carbstithaintained

on intracellular store¢Droop 1973; Rhee 197.3)herefore, pulsed loading events of nutrients to
streams may allow algae to carry out luxury nutrient uptake which can sustain growth for several cell
generations well after the pulse has ended.

®For the purposes of using thetést, users should initially convert all noletects to 50% of the reported
detection limit (USEPA, 200®)>> than 15%f the dataset will be affected, consult StandaMedelingSection.
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Luxury nutrients uptake is a kinetics phenomenon depenaenthe physiological condition of the

algae, duration and magnitude of the nutrient pulse, etc.; complex factors not easily addressed by a
simple ttest. But the ttest can help assess tipotential for luxury nutrient uptake because pulsed loads
of elevated nutrient concentrations, if captured during sampling, would increase the dataset mean and
would showthat meanwater quality has exceeded the criterion; this is useful information not provided
by the Exact Binomial Test.

Each test possesses strengttheother does not Therefore, werecommended that the-test be used in
tandem with the Exact Binomial Test via a series of decision (S#gsion 3.0main document).

A.4.2 FORM OF THRULLHYPOTHESIALPHA BETA BFFEC8ZE AND(RITICAL
EXCEEDANERATE

All of the factors listed iSectionA.n @ #itl2 are interrelated and influence one another in statistical
hypothesis testingAgain, rather than reiterate here the mass of discussion devoted to these topics
already covered elsewher@(.S. Environmental Protection Agency 2002; California Environmental
Protection Agency State Water Resources Control Board 2@@4)ill simply state what we concluded

to be the best statistical parameters (form of null hypothesis, alpha, beta, etc.) associated with the two
tests (Exact Binomial af@ne{ I Y LJX S {t-iesidBr$hy¢ Ke@), and providirther explanation

where warranted.

A4.2.1 Form of the Null Hypothes for the Statistical Tests
For Streams Already on the 303(d) List
1 Null Hypothesis: Waterbody is not in compliance with numeric nutrient standards

1 Alternative Hypothesis: Waterbody is in compliance with numeric nutrient standards

For Streams Not on th203(d) List
1 Null Hypothesis: Waterbody is in compliance with numeric nutrient standards

1 Alternative Hypothesis: Waterbody is not in compliance with numeric nutrient standards

Ly STFSOGxX GKA&a A& | a3dzaf G& dzbydorisiderdi® Ba8e/fvatary
jdzt t Ade LINRPoOotSYas YR Fy aAyy20Syd dzy i.CéliforhiNp
uses the same approag¢falifornia Environmental Protection Agency State Water Resources Control
Board 2004)

<,

Q

A4.2.2 Alpha, Beta, Effect Size

In statistical testing alpha, beta, effect size, and critc@leedanceate interact, and changes in one
affectschanges in the others. In environmental compliance work, there are strong arguments for
attempting to balance type | (alpha) and type Il @etrrors; in doing so, it is important to consider the
form of the null hypothesis and the implications for making one error or the oBasically, each type

of error hagramifications one type of error leads to degradation of the environment, the otlype of

error leads to unnecessary expenditures on the part of the regulated ektityking towards balancing
type | and Il errors is a process which inherently recognizes the consequences of each error type
(Galifornia Environmental Protection Agency State Water Resources Control Board 2004, Page 52,
Appendix C; Mapstone 1995, Page 178; Schroeter et al. 1993; U.S. Environmental Protection Agency
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2002) Giventhat working towards balancing type | and type Il errors is a valuable endeavor, here are

general recommendations for the parameters to be input into statistical tests for nutrients in wadeable

streams:

T 't LKI &K2dA R 08 | 62dzi n ddence levaly defrding ob Béjfdan i S &

of the null hypothesis and its implications.

f .SGF aK2dzZ R 0SS | o2dzi nodo 2N fSaa o6Sldz (Sa
samples size (more on sample size minimui@dation 5.0.

9 Effect size (gray ze) should be set at 0.15, per USEPA (2002).

Ly G4KS adGraAraidAaolrtf &ALINBFRaAKSSG G22tfa GKFaG 0O
K

b2y O2YLX Al yOS¢R2YVIWEABRYOSYyR2BQ@Ef 4602 2yS 2N

2
S

02

Y

L
2 0

02

X

Jr

whether you are dealingwithaé = dzy f A 4 SR-b2 N2 IYYI G dz3(0%dp t PEf &£ 0

f A&l SR &l NI YYLIoAdzaySD SatadiR tie ditteftodsét alpha, critieaiceedanceate (p),
and effect size (p2) in the Exact Binomial Test in both of the Tilesprogram wi then return various
sample sizes, their associated beta values, and the maximum numbgceddance allowed while still
remaining in compliance with the criterion

For the OneSample{ (i dzR St#si, ba musst input alpha and the nutriestandardin mg/L The One

{ I YL S {-estsRv8l yhénPdvidé a result indicating if the statistical test can or cannot confirm
the alternative hypothesigThe alternative hypothesis will reverse, according to whether you are using
the tool for a listed ordr a new, unlisted stream)

A4.2.3 CriticaExceedanc®ate

CriticalExceedanc®ate An estimate of the actual proportion of samples that exceed an applicable
water quality criterion. Whemore thanthis proportion exceeds the criterion, the standard is not
attained (i.e., stream is not in compliance with standard)

Among the four statistical parameters critical to the Exact Binomiak Tagha, beta, effect size, and
exceedanceatet exceedanceate needs some kind of empirical groutrdthing to assure its validity
The implications of different alpha and beta errors can be understood relative to the form of the null
hypothesiswhile the effect size (gray zone) is not knowahleriori, and istherefore assumed; we
recommend an effect size of 0.15 per EBAS. Environmental Protection Agency 2002¢ontrast, a
exceedanceate can be estimated using lines of reasonmpirical evidencgand literature values

The considerations used to estimate exceedanceate for numeric nutrient standards wer(l)
recommendedexceedanceates from EPAU.S. Environnmdal Protection Agency 2002nd @) long

term benthic algae and nutrient relationships on the Clark Fork Rive(Cigiisideratior(1) and (2) are
further detailed below). We recommend:

91 Acriticalexceedanceate for compliance with numeric nutriestandards be set at 0.2 (20%)
Below are outwo majorconsiderations leading to the selectiontbE 20%exceedanceate.

(1) EPA recommends that, for a number of different polluting substances (e.g., fecal bacteria,
conventional pollutants, toxic tze metals, etc.), criteriaxceedanceates be set between 0.1 and 0.25
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(10 to 25%) to protect beneficial us@snvironmental Research Laboratéwuluth 1997U.S.
Environmental Protection Agency 2002)

(2) Theanalyticalapproach described iR.1 below was undertaken in June 2008, and only considered
Clark Fork Rivatata through2006 Subsequentlata collection (through 2009) andsamewhat

different approach to ascertaining an acceptableeedanceate allowed us taupdatethis analysis, as
provided in2.2. Bothanalysegthat from 208, in subsectior2.1, and the work done in 21, in
subsectim 2.2) arrive at the saméasicconclusionand both are presented herdf. readersare already
familiar with the work ir2.1, we recommend you skip t8.2.

(2.1)The following analysis was completed in June 2008

Introduction: Numericnutrient (TN ad TP) and benthic algae (mg @fmh?) standards have been in
place on most of the Clark Fork River in Montana for about 6 yAasgstematic collection of nutrient
and algae data has been ongoing since 12@& number of sites both algae and nutrientalhave

been collected multiple times each year for nearly 10 yelinese data lent themselves well to
empirically deriving a numeric nutrieekceedanceate because some river sites almost always exceed
the algae standards, while others do ndhequestion became:

Do sites on the Clark Fork River that routinely exceed the numeric algae
standards exceed thBlA @S N & rbraefid nutfiehtyMNSaRd TP)
standards morefrequentlythan sites that do not exceed the numeric
algae standards?

Benthic dgae levels in excess of 150 mg &hi* (maximum) are not to be exceeded during the summer
(ARM 17.30.631Maximum in this case does not refer to a singflienefrom a Clark Fork River site; it
refers to the mean value of a series of repeat measureslf to 20) that are collected at a sitieiring a
particular sampling evenClark Fork River sites are usually sampled several times throughout the
summer It has been noted for some years that, during the summer, some sites are usually above the
algae stadards, while others are not. TN and TP standards were established on the Clark Fork River
(ARM 17.30.631) and, if ultimately met, should keep benthic algae below the nuisance threshold
described above. However, axceedanceate was never explicitly edtéished in the regulationsn
carrying out theexceedanceate determination described herein, it is assumed that the magnitude of
the TN and TP criteria on the Clark Fork River were accurately determined, and therefore any
exceedanceate drawn from thisanalysis is meaningful

Methods: Benthic algae and TN and TP concentratiataevhere concurrently available foesenClark
Fork Rivesitesfrom 19982006 Data were restricted to the time period June™3® October f'to
generally comply with the summer growing season for this ecore@aplee et al. 200@hd the
regulatory timeframe in ARM 17.30.6Hvery benthic Cld measuremenfrom a site (n = 120 per
sampling event) collected over time was treated as a repeat meastis resulted in a grand total of
285 to 333 repeat measures of Gt each site for the period 1998006 A grand benthic Cld mean
was calculated for aite by averaging all the repeat measures collected between Jufi@s® Oct T

for all available year®Nutrient data collected at the corresponding sites during the same time frames
where similarly compiled. At each site nutrients were collected asgesgrab sample and, as a
consequence, there were fewer data (43 to 78 N or P samples perTsita) N data were not collected,;
however,Total Kjeldahl NitrogenTKN and NQ.;were. Therefore, for each site, individual Total N
concentrations were cald¢ated by summing the TKN and Ngample results collected simultaneously
during a sampling event
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Next, the Clark Fork River TN and TP criteria concentrations were matched to their corresponding values

in the nutrient cumulative frequency distributiorisr each site, and the associated percentile was

recorded For example, the TN criterion for the Clark Fork River is 0.3 mg/L, and it resulted that at site

9.0 (Clark Fork at Deer Lodge) 0.3 mg TN/L corresponded to theJ3aND Sy G At S 2 Fvea A i S DDy
TN frequency distributionThis process was carried out for all 7 sites for both TN an@hEee is a break

at the Blackfoot River confluence where the Clark Baik dzLJA G NBI'Y ¢t ONRGSNR2Y 6n
GKIFG 0St2¢6 ondnod YIAK[OT SIFIOK ¢t ONRGSNRA2Y 41 & | L
river.

Results TableA4-1 shows the results for 3 sites that, over the 198806 time period, did notxceed

GKS /tFN] C2NJ] wA @S NI &or inis§gfoiiiKok sites thé raitkieht crieki?2 Y 244 ONX
exceedanceate (both TN and TP) was, on average, aboutTd®t is, nutrient samples whose

concentrations exceed the standards occur only aboub8te time at these sitesTableA4-2 shows

three sites thatdid exceed the benthic algae standard; for this group of sites, the nutrient criteria
exceedanceate was, on average, about 58%ites inTableA4-1 (did not exceed algae standard) had a

rangeof exceedanceates (TN and TP) from 0.124%, and sites iableA4-2 (exceed algae standard)

had a range oéxceedanceates from 27.7% to 88%. The remaining site examined (Site 12; Clark Fork

River at Bonita), which is not presentedTiablesA4.1 or A4.2, had a mean algae density (144 mg Chl

am® a2 0O0ft2a$8 (2 GKS Ff3FS ail y Rkchddandedte wad 38.8002y aA RS
for TN, 68% for TP.

Table A41 Sites on the Clark Fork River (CFR) Not Exceeding the Maximum Benthic3tkyasard
(Growing Season, 1993006)

Percentile in Site's Criteria Exceedance Rateg
Nutrient Frequency (%)
Distribution Matching
CFR Standard

Clark Fork Site Name Longterm TN TP TN TP

River Site # Benthic Algal

Biomass (mg Chl
a/m?, growing

season)Mean
[median]
15.5 Clark Fork above 96 [80] 90" 95" 10.2% 5.4%
Missoula
22 Clark Fork at Huson 72 [52] 76" 96" 24.0% 3.8%
25 Clark Fork above 35 [20] 100" og" 0.1% 1.5%
Flathead

Grand Mean:| 7.5%
Grand Median:| 4.6%
Maximum: | 24.0%
Minimum: 0.1%
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Table A42. Sites on the Clark Fork River (CFR) Consistently Exceeding the Maximum Benthic Alg

Standard (Growing Season, 192806).

Percentile in Site's

Criteria Exceedance

Nutrient Frequency Rate (%)
Distribution
Matching CFR
Standards
ClarkFork Site Name Longterm Benthic TN TP TN TP
River Site # Algal Biomass (mg Ch
a/m?, growing
season) Mean
[median]
9 Clark Fork at Deer Lodg 180 [147] 23° 50" 77.0% | 50.0%
10 Clark Fork above Little 163 [117] 48" 12" 52.0% | 88.0%
Blackfoot River
18 Cark Fork at Shuffields 197 [181] 50" 72" 50.4% | 27.7%
Grand| 57.5%
Mean:
Grand| 51.2%
Median:
Maximum: | 88.0%
Minimum: | 27.7%

DiscussionThe main assumption of this analysis was that the magnitudes of the Clark Fork River

nutrient criteria, which were established as standards for the river, are correct. That is, if the nutrient

standards are achieved, then summertime algae levels shoukeiebelow the established nuisance
thresholds. It was assumed that, as has previously been shown, both N adahiit @aothe Clark Fork

River(Lohman and Priscu 1992; Dodds et al. 199 Was further assumed that the algae standard (150
mg Chi/m?, site mearper sampling event) will protect beneficial uses. Regarding the later, research

completed since the Clark Fork River standards were adopted in 2002 show that 150afg “Chite
mean) is identified as a nuisandeeshold by the Montana public majorifpuplee et al. 2009If all
these assumptions hold truehén reasonablexceedanceates br the 9 year dataset can be derived
andusedas a case studyt would have been ideal to have a true population of data (rather than a
subset of data for a single river over a specific time period) with which to carmhisudnalysisBut
such data are not readily available, and the lvagn dataset examined here will have to serve as a

proxy.
[ 2 YL

gAGK

NRA&2Y 2F /f

0KS NAZSNDa

I N]  C2NJ

WA GS NI aA(BbleAa)\v®.p, 30, HH X
and 18 (do exceedgaestandard;TableA4-2) show a clear separation in the consistency of compliance
y dzY S NR O Tapldad-Rithabiffhe exéeddantdate SR a ® L

about50% then nuisance algae growth will almost certainly od8ut when theexceedanceate is ca.

5-10%, nuisance algae is unlikely to ocdlatleA4-1.) For purposes of estimating a protective nutrient
criteriaexceedanceate, the range oéxceedanceates from these site groups needs to be considered

as well Note that anexceedanceate of as much a24% does not result in excess benthic algagome
cases (site 2ZfableA4-1). On the other hand, notice that aexceedanceate of as little as27.7% can
result in norcompliance with the algae standard (site T&bleAd-2). Thus, aexceedanceate around

25% probably represent a threshold; if about 25% of the dataset exceeds the nutrient criteria, then
there are roughly equal odds that the site could have nuisance algae (oiThdg)is partially supported
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by the fact that the single site with borderline algae conditions (site 12, Clark Fork River at Bonita; 144
mg Chi/m?) had a TNexceedanceate of 30.8%.

Gonclusion These analyses show that over a 9 year period (12@®0) sites on the Clark Fork River that
have consistently exceeded the nuisance algae standard (150 nagn€hsummertime max) have TN

and TRexceedanceates with a central tendency around 54@n theother hand, sites that did not

exceed the benthic algae standards had TP andxtedanceates with a central tendency around 6%
Within each group (sites that do not exceed algae standards, those thdiathesA4-1 and Ad-2),

individual sites haéxceedancerates as high as or as low as about 25%. This suggests that 25% may be
an exceedanceate threshold where the ability to assure compliance with the algae standard becomes
tenuous. Given that about 50% is certainly too high obateedanceate andwill not protect beneficial
uses, approximately 10% is probably too restrictive, and 25% is borderline, it is recommended that a
nutrient exceedanceate be set to 20%

(2.2) 2011 Analysis.

The 12year (19982009) nutrient and algae dataset for tiidark Fork River was very large, and was first
reduced prior to statistical analysd3ata reduction followed the following general patte/t any given
site (e.g., CFRP12), for any given year (e.g., 2005), and for any given parameter (e.g., TP
concentation), the data were reduced toraonthly meanfor each summer month (June, July, August,
or September)First, quality control duplicates collected on the same day were reduced to a (hban
data was not analyzed directly until 2009 and so, for 12988data, TN is the sum of TKN and.NO
samples collected simulteously during a sampling evenilext, the mean of all individual dayhere
sampling occurredvithin a month was calculatedesulting in a monthly meamutrient sampling effort
varied congierably from siteto-site and from yeato-year, and we did not want heavily sampled
months or years to be oveepresentedin the dataset in the final analysis the manner we reduced
the data, therefore, each monthly value carries equivalent weigt) some summer months being
better characterizedi.e., sampled more days) than others

For benthic algae samples, up to 20 spatidigpersed replicates were collected at a site during any
given sampling evenflgae sampling events occurred only oaceonth Thus, for a given
site/year/month, the benthic algae mean calculatedsthe value used.

We nextdetermined ifeach mean nutrientoncentration computed on a montiby-month basiswas

Fo2@S 2NJ o6St2¢ (GKS /I NJ (TR@ NYThiswagdslNdadied butJodisiteO | 6 f S
and times which had corresponding benthic algae samplesn we determined the proportion of

months during a summeat asitei K+ § SEOSSRSR (i KS. Foikx@npNXra sitgidzi NA Sy
2008 wa sampled in June, July, August, and September, and June and August exceeded the TN

standard, theTNexceedanc®\Jd (S ¥ 2 NJ & dzY Y S NJ WHchexde@ddrceRateia§them ®p 0O p /82
associated withits correspondingMax Summer Cldé @ knéitria® excealancerate asX, Max

Summer Chh asY). Max Summer Claisthe highestmeanmonthly Chla valueencountered during the

summerat a site,per ARM 17.30.63TN or TP data that were collectaéter the Max Summer Clal

event occurred were nancluded(e.g., if the Max Summer Chbccurred in August, we did not include

in the analysis th&eptembelTN or TRIatafor that site/year). Finally, least squares regressions (with

95% confidence intervals) were réor TNexceedanceate vs. Max Summer Chland TRexceedance

rate vs. Max Summer Ch| combiningall sites and years togethefhe results are showon the next

pagein FigureA4-1.
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Regression statistics for bothgressionsvere significant (p << 0.01). Using {ive equations shown in
FigureA4-1, 150 mg Chih/mz(i.e., themaximum allowabldenthic Chh levelfor asummer; ARM
17.30.631kquates to a 26%xceedanceate of the TN standard and a 3E¥ceedancef the TP
standard Theequivalent exceedanceates corresponding to the upper 95€onfidence intervaléwhich
are more conservativggre about 11% and about 584r TN and TP, respectively

These Clark Fork River data demonstrate that, actfsiteswith 12year@worth of monitoring,there

is asignificant,definable relationship between benthic algal growth and the frequen@xoéedancef
the NA rfiiNddtistandardsThat is, sites whicfrequently exceedhe nutrient standards have higher
levels of benthic alga&ites that experience greater than ali®25-30%exceedanc®f the nutrient
stanzdards will developuisancebenthic algal growthi.e., growth gual to or greater than 150 mg Chl
a/m®.

Theanalyticalapproach taken in 2002 (1 above) was more coarghan what we have done her@

that it lumped all data by site and then looked to see how often thattsitger the long haual exceeded
the nutrient standardsThis analysis, in contrast, looks at each site and each summer as an individual
event, andthen collectivelyevaluatesall the datatogether, regardless ofocation along the rivefFigure
A4-1). Interestingly, he overall resultbetween the earlier analysis and the current one kargely the
same in spite ofthe different analytical approache#f we continue toassume that the nutrient

standards on the Clark Fork River are largely correct in magnitudethitselatest analysis indicatege
would want to keepexceedanceates of the applicable nutrient standards betweer33% if we want

to keep benthic algae balv nuisance levelsSince theseesults correspond nicely to the earlier analysis
we continue torecommend that nutrient criteri@xceedanceates be setit 20%
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Max summer Chla = 96.03 +204.6 By-month TN Exceedance Rate
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Max summer Chla = 105.6 +143.8 By-month TP Exceedance Rate

800 A
—  Regression [ J

™04 95% Cl

700

650 -
600 -
550 -
500 - )

450 - .
400 -
350/ @ ° b
300 -
250 -

20/ ! —
1504 ————— = e ——— 9 — .’

°

Max summer Chla(mg/ m2)
°

100 - - _ ° e
50 4 - °
I U

04

0.0 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1.0
By-month TP Exceedance Rate (expressed as proportion)

Figure Al-1. Leastsquares regression for TBikceedance rates. Max Summer Cla (upper panel) and
TPexceedance raters. Max Summer Clal (lower panel) for ten Clark Fork River monitoring sites
(19982009) Dotted lines are the 95% confidence intervédsth regressionsra significant (p<< 0.01).

A.5.0 MINIMUM NUMBER ONUTRIENBAMPLES

CKS FAYLFf O2yAARSNIGA2Y Ad YAYAYdzY ydziNASYy G &l YL
such as TP or TRample sizes apply to each nutrient type, and not to the tatahlber of nutrient

samples collected from a stream segment. So, if 7 TN and 7 TP samples were collected from a segment

they would not represent 14 samples, but rather 7 of TN and 7 of iéte is extensive discussion of

determining appropriate sample sip& a studyby-study basis in USER2002) However, the
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recommendations made here for determining compliance with the numeric nutrient standards are
meant to apgy generally to all Montana wadbée streams, mainly for purposes of 303(d)
listing/delisting Please note that these sam@zeminimums do not apply to biological samplesy(
benthic algae or diatomghat may be collected concurrently with the nutrient samples.

Forunlistedstreami (G K2aS F¥2NJ gKAOK GKS F2N¥Y 2F GKS yd ¢
(SectionA.4.2.7), the implication for making a type Il (beta) error is that a truly {sompliant stream
segment would be incorrectly declared compliahhis is a scenario DEQ wants to minimize, and so the
probability of such an outcome should be reduced well below 5@pwiell below that of acoin flip.

The Exact Binomial Test in the accompanying spreadsheet tool can be used to estimate minimal sample
sizesIn the test it can be seen that if alpha (type 1) error is set to ®@28eedanceate (p) to 0.2, and

effect sze/gray zone (p2) to 0.15 (entered value = 0.35), then a Beta (type II) error of 0.35 is achieved
with 12 samples(Note in the spreadsheet that introducing lower and lower alpha values causes beta
error to increase and, therefore, many more samples areded to try to balane alpha and beta

errors) Twelve samples is about as lowrathat can be used and still have roughly balanced (025

0.35) alpha and beta errors that are each well below 50%

For listed streamsa similar approach is usddsted streams are those for which the form of the null
KeLRGKSAaAad Aa aR2Sa y20 O2YLX e gAGK aidl yRIFNRE D
(alpha) error is that a truly neoompliance stream segment is incorrectly declared compliant; ag@m

is a scenario DEQ wants to minimi3etting the alpha to 0.2®xceedanceate (p) to 0.2, and effect
size/gray zone (p2) to 0.15 (entered value = 0.05), a beta error of 0.14 (14%) can be achiet8d with
samples. This is a reasonable balancéypk | and Il errors, and provides a total sampling effort about

the same as that for unlisted stream@iven these considerations, it is recommended that:

1 For new, unlisted stream segments, a minimum of 12 independent samples for any given
nutrient be cdlected for compliance determination

1 For 303(disted stream segments that already have one 1 nutrient critexiceedancdor a
given nutrient, a minimum of 13 independent samples (this total can include newly collected as
well as previously collecteshmples) should be used for compliance determination.

1 For listed streams with £38 total samples that already have 2 or meseeedancs for a given
nutrient, the default conclusion is that the stream segment has failed the Exact Binomial Test
(no further sampling required at this time). Run théest as well and incorporate results in
decision matrix.

9 For listed streams that have > 18 samples for a given nutrient, set alpha tefc®dance
rate to 0.2 anceffect size to 0.15 in the Exact Binoniiaist, and determine if the reach is (or is
not) in compliance with the Exact Binomial Test. Carry out the same fortdwt. T

91 If avery large dataset (> 300 samples) is available for a particular stream, then lower type |
(alpha) and type 1l (beta) errean be achieved with higher confidence in the results. Use the
special feature of the Exact Binomial Test to help define these confidence levels. Confer with
Standards Section if needed.
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APPENDIB. DETAILS ORSSESSMENMETHODOLOGIES PMRDEABLE
MOUNTAIN ANORANSITIONABTREAMS

The following providethe rationales usedfor the selection of theassessment tooldt also provides the
rationales for selecteimpact thresholdsThis information is summarized 8ection 4.00f the main
document.

B.1L0ASSESSMENT BENTHIALGALGROWTH

An evaluation of tisticaluncertainty in thesite averagecalculated using 9 v Qa a it y R NR LINE (
for collecting and analyzing benthic @hs detailed inAppendix Aof the Chla SORMontana

Department of Environmental Quality 2011dp summade if abenthic Chkh sampling event has

followed the SOFDEQ is confident thatfor atypicalwadeable stream at least80% of the time the

measuredChla averagecalculatedwill be within £30% of thérue average Giventhis known variability

decision pointgertaining to benthic algae growth afdrm-to-uses have been develope@nd are

further detailed inSectionsB.1.1andB.1.2 below

B.11BENTHIALGALCHLA LEVELS AND THRECREATIONSE

LG A& NBFrazylrofS GKFEGx 2y 0S I aiidsam?ihpaiaentr gSNI 3 S
to the recreational use has occurrethis is shown ifigureB1-1. But we also have to account for the

uncertainty aroun the Chla measurementShown are the three photographs that bracket the
acceptableunacceptable threshold, per Supletal. (2009)each with their interval widths (based on

the 20 Chhreplicates associated with each photo) calculated at the 90% confidence@mad algae

levelshave reached KS f 2 6 SNJ 62dzy R 2F LIK2(0G2 9 O0LK2®M)9Qa 254
the acceptability threshold has already been exceeded. This is because the public majority finds the

algae level shown in the photo to be highly undesirablee gray zone iRigureB1-1 represents the

12yS G6KSNB Lldzof AO | OOSLIiI oAt A &GoinglfondarR, fary méadliregr & A G A 2
average Chivalue DE@elievescould plausibly be as high as 165 mgapil® (in the gray zone, and at

upper confidence bound of photo F, but still below the lower confidence bound of photo E) should be
considered arexceedance
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FigureB1-1. Averages (Gray Dots) and 90% Confidence Bands for the Three Photos Bracketing the
Acceptable-unacceptable Threshold, per Suplee et al. (2008 gray band shows the algae level range
across which public opinion rapidly shifts from acceptable to unacceptable.

wS G dzNY Ay 33 dsampl@pro®éol, thef adiekade that is calculated fioy given sampling event
has a definable interval width and, when the upper bound of that interval reaches about 165 mg Chl
a/m?, an impairment at that site should be considered to have occutdsihg the approach outlined in
AppendixA of DEQ(Montana Department of Environmental Quality 201adg given thatn = 11,
Qoefficient of Variation (&) = 73%DEQ can be 80% certain that tinee benthic algaeaverage may be
as high as 165 mg Giim*when themeasured @S NI 3 S A da/nK. Therefdre, 3y samKirig
event for which the measured benthic algal @lalverage isk M H ¢ a¥ should be considered an
exceedanceand in violaton of ARM 17.30.637(1)(e).

B.1.2BENTHIALGALCHLA LEVELSELATIVE TEATESEASONDISSOLVED
OXYGENPROBLEMSANDPOTENTIAIMPACTS TEISH ANDASSOCIATEAQUATIC
LIFE

In 2009, DEQ commenced a BA@Bé&fore After Control Impact Paired@sign, wholestream nutrient
addition study to better understand the exact way stream changes are manifested due to nitrogen and
phosphorus pollutionWe wanted to understand theelationship between these changes and stream
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beneficial use§Montana Department of Environmental Quality 2010a; Suplee et al. 20k6summer
2010 soluble nitrogen and phosphorus were added to a reach (High Dose redohstkam, and

major changes occurred as a res@ne of the most interesting findings was the temporal manner in
which stream dissolved oxygen (DO) problems occurred, and the relationship of those DO levels to
measured benthic algae levels

After nutrient additions began iearly Augus010 and thercontinuedthroughout summer 2010, DO
standards that protect fishifor example thel Dayminimain DEQ7 (Montana Department of

Environmental Quality 2010were never exceeded nor even approached in the High Dose reach

This was truén spite of large daily DO swingddureB1-2)'%. Relative to theupstreamControl reach,

DO increased dramatically during the day, but did not at night fall much below the Control reach values
(FigureB1-2). Benthic algal production (growth) exceeded respiration throughout most of the summer

and this,in conjunction with adequate e SNJ G A2y RdzS G2 (GKS &AGNBFYQa Tf 2
DO levels from dropping below the DO standatdiswever, irfallz  § KS 3INRP gAYy 3T aSl azyQa

algal growth began to senesea massand we observed large amnts of decaying algae on the

stream bottom in early Octobeilhe decaying algae induced a high oxygen demand which was
concentrated near the bottom, in affect acting like a sediment oxygen demand (SOD), and which in turn
led toexceedance of the DO stasiards. (The YSI kigureB1-2 was monitoring DO aboui2 cm off the
stream bottom, in a run.The DO standard=xceedance all occurred late in the season, after robust
benthic algae growth had ended.

It should be noted that two other YSIs (one deployedtream and another further downstream of the
one inFigureB1-2, thus bracketing the High Dose reashjultaneouslyecorded DO concentrations
none ofwhich violatel DOstandards even in Octobefdata not shown)This was apparently due to
longitudinal changes in stream morphology (e.g., width/depth relationships) and their affextream
re-aeration, anddead algae accumulation on the bottokVe calculated that for DO to decline from
what was measured by the YSI just upstream of the High Dose te#utdt recorded in early October in
FigureB1-2 would require a SOD higher than any we could locate in the liter&tdrhis suggests that
DO concentrations were not uniform from stream surface to bottom, but rather, a bottmsurface

DO gradient likgl existed Our analyses further indicated that DO was probably near zero near the
bottom, and then near saturation at the surfadéhese findings suggest that DO problems of this nature
can be both longitudinally and vertically patchy along the stream mbigSuplee et al. 2(l).

7 Although this study was carried outinaC ¢+ NY &l §SNJ FAAKSNE A0GNBI YX
characteristics relative to algal growmthake ita reasonableomparisorto western Montana graek

bottom streamsaswe have done herelhe stream has a gravel dominated substrate, perennial flow of
about4-6 CFS in summer, a watsurfaceslope of 0.4%, and riffles are common through@s are

pools The dominant filamentous algae that grew duyithe studywasCladophorawhich isalso

commonly found in western MT streams.

®Routine QC checks of the instrument, including-pridiect calibrationyoutine instrument cleaning,

etc. was undertakeiThe low DO values measuratk considered/alid measrements.

¥Stream water biochemical oxygen demand (BOD) samples were also collected in early October at the
site. They were nowetect, thus the DO consumption had to be coming from the decaying algal material
on the bottom.
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FigureB1-2. Temporal Changes in Dissolved Oxygen (DO) Levels in the High Dose Study Reach as
Measured by Deployed YSI Instrument, 20%&ray dots are DO observatioasthe High Dos&each,
collectedat 15 min intervalsfFor comparison,tte bleck lineoscillating aroun® mg/L isthe DO

measured by another YSI in the upstream Control reach, which did not receive nutrient additiens
horizontalblack lines are (uppethe adult fish and (lowérjuvenile fish DO standards for this stream.

RedzNy Ay 3 (2 GKS | A lgal gaavth, Henthl alg@ekORlavelHabtyfeleidoi@he
growing season reached 127 mg @mh? (TableB1-1). It is apparent fronFigureB1-2 that thislevel of
benthic algae was sufficient to induce DO violatialtsg the channel when the algae died and
decomposed:n masseThe implication of this finding is that the lateason average benthic algae we
measured (127 mg Chim?) has the potential, in wadeable streams, to cause DO standards
exceedance in the postsummer period, probably in late September or Octal#dthough this study

was carriedoutina8 ¢ NY g1 GSNI FAAKSNE a0NBIYZI GKS adGdNBIYQ
ranged from about 126 °C) are comparable to what is observed in typical eesMontana gravel

bottom streams at that time of the yeawhile it is true that vater temperature strongly affects DO
concentration, we would not expect western Montana streams manifesting similar algal densities to be
able to compensate (i.e., maintaidO above standards) due to their having cooler water temperatures,
as their temperatures are often about the same at that tiofeéhe year

Table B11. Benthic Algae Density Measured at the High Dose Study Site, 2010
Sampling Date Reach average benthiglgae Chlareplicates Reach average AFDW replicates'
density (mg Chi/m~) CV(%)* AFDW density (g/rf) CV(%)*
August 26, 2010 111 123 26 93
September 8, 2010 116 97 34 45
September 22, 201( 87 82 37 61
October 6, 2010 127 90 33 73

* 11 replicates were collected for each sampling event. Less than 11 were used to cakeatitaverage AFDW
because core samples, if collectedle not included in the calculation of average reachwide AFDW density.
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As mention at the beginning &ectionB.1, there is a definable level of uncertainty around any given

benthic Chh average, but there is no way to know if the value3ableB1-1 are at the low end, high

end, or in the middle of thatrangé S Qf f HerathatliveQ27 mg Chd/m? measured is, in fact,

accurate Thus,to be protective and assure that DO problems that could harm fish and associated

aquatic life are prevented from occurring,S NB O2 YYSY R (KI G 6KSy al aArAdsSQa
exceedsl20 mg Chi/m?it is too highand should therefore be considered an impact to fish and

associated aquatic life.

B.1.3BENTHIALGAIAFDWLEVELS ANBIARM-TO-USETHRESHOLDS

Ash Free Dry Weight (AFDW) collected from natural streadiment surfaces is a useful measurement

for estimatingalgal biomassThe laboratory method basically oxidizes and reports back the mass of all
organic material in the sampl@merican Public Health Association, 1998} useful in that it provides

an additional means of assessing accumulated algal biomass independenao€6lal levels tend to

be highest during peak growth, and then decline later as the@idlecules degrade as the algae
senescgStevenson, et al., 1998J an assessor samples a stream late in the season, they may find fairly
low Chl avalues in spite of the presence of a large biovolume of algal matéhiak, a site tht may

truly have an excess algae problem could potentially be assessed as unimpaired simply due to the fact
that the samples were collected late in the season.

For this reason, we recommend that AFDW be determined for all samples wheriGtdllected. AFDW
can be determined from the same sample in a subsequent analysis that follows theu@ysisSite
average AFDW can be determined from individual repgabr as a weighted average

Note: AFDW results from core samples shouldverd S Ay Of dZRSR Ay RSGSNXAYAyY T
AFDW The method measurgorganic material from the entire core sample, not just the surface
where the algae are growing, and will therefore oveeport AFDW Core samples are only for Ghl

DEQ has not collected AFDW using therahsect methodong enougho be able to carry ot the type
of statistical uncertainty calculationsedfor Chla (Appendix A of{Montana Department of
Environmental Quality 2011diowever, here are good estimates of what comprises too much algal
AFDWIn Suplee et al. (2009), the threshold @kével of 150 mg/ricorresponds to 36 g AFDWrim
New Zealand, extensive analysis of algal AFDW resulted in a recommendation of 35 g A&®INM
maximum level for gravel/cobble streams, to protect recreation (Biggs, 2000Note inTableB1-1
above that the late season AFDW corresponding to 127 mg/@fAlthe Chlalevel linked to the late
season DO problems) is 33 dlhong-term monitoring in the Clark Fork River (198@09) shows that
the average summer AFD#&Ysites that do not develop nuisance algae., they are consistently <150
mg Chi/m?) rangedfrom 17 to 48 g AFDW/fi{imean:27 g AFDW/r). Given the values preserdewe
recommend that site averageéFDWi.e., mean of the 11 replicates collected at a site, replicates being
onlytemplates or hoops) should be no greater thia3H g AFDW/m This value should be protective of
both fish and aquatic life and recreation uses.

B.1.4 SOMEADDITIONAICONSIDERATIONREGARDINBENTHIALGAE
SAMPLING

Recently, DEQ has instituted an economization practice that consolidates all hoop, core, or template
samples from a sampling event together, so that only three (at mos@ €&rhples need to be analyzed,
AyaiuSIR 2F StS@Syod 2KAES dzyljdzSadAiazylofe GKNRFO&Z
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been lost All of theChla confidence calculatias discusseth SectionB.1.1assume that a sampling
event will manifest a typical replicate CV of 73%, but this is an assunipteases where it is very
AYLRNIFyYy G (2 GNYz etheteplidgatesslipédeaciNge bifaljzéulsép&rately / + =

Cags may also arise where an entity is not satisfied with the level of confidence or interval widths DEQ
has presented hereCollecting 11 samples in a stream reach is already a time consuming and expensive
procedure, and we consider the confidence leveRg@&nd interval width{30% of the mean) to be
satisfactory for algae samplinidf an entity (regulated or otherwise) desires higher levels of precision,
than it is our recommendation that the financial cost to achieve those levels fall to the entity.

If more precision is wanted, how many more algae samples should be colléeaiagd?erm sampling of

benthic Chh by Dr. Vicki Watson on the Clark Fork River shows that with about 20 replicates, one can

be 90% confident that the measured average &@klwihin + 20% of the true averagé&or benthic algae

sampling, which is inherently noisy, this is a fairly high degree of confid€2eNJ 59 v Q& 6| RSIF 6t S
method, this would involve placing 20 transects instead of 11 along a site, with algae collection

occurring at each of the 20 transects using the systematic approach (R, L, C, repeat) described in the

SOP.

B.2 ASSESSMENISINGBIOMETRICS

DEQ has used diatealgae assemblages and macroinvertebrate assemblages for many years to make
assessment of streamater quality and conditionSome of these metrics are being incorporated into

the process for assessing excess nitrogen and phosphorus pollDttails of each are given in the
SectionsB.2.1andB.2.2below.

B.2.1 BOMETRICBASED ONDIATOMALGAE

DEGhas been using benthic diatoms to assess water quality sinceXh@s Earlier approaches used
diagnostic and descriptive biometrics based on quasiersal ecological attributesf diatom species

and observed structural characteristics of benthic dmtassociationgBahls et al. 2008Yhe current
approach (initiated in 2004) uses regional classification, stream referenceasjtésyiknowledge of
stressors in streams, and discriminant function analysis tgidlet ¥& & A Y ONBIF &SNE GF EI
specific stressors and in a predictable wWagply and Bahls 2006; Bahls et al. 2008; Tepley and Bahls
2005). The metrics were specifically developed to indicate the likelihood of nitrogen and phosphorus
impairment, have been developed for many regions of the state, and can functipenyon the
presence of other major pollutan{@eply 2010a; Teply 2010lease see thgeriphytonSORMontana
Department of Environmental Quality 2011fby details Each sample will provide the probability of a
nutrient problem, such as in this example

This indicates that the sample represents a stream that has about a 65%
percent probability of being impaired due to nutrients (nitrogen or
phosphorus) under 303(d) guidelines. This probability is based on past
evidence of taxa associated with nutrigmipaired streams in the
Northern/Canadian Rockies Stream Group. Nutrient Increaser Taxa do
not discriminate other causes of impairment and this result does not
indicate whether the stream may or may not be impaired due to other
causes.
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Diatom nutrientincreaser metrics are available for the Northern and Canadian Rockies ecoregions, the
Idaho Batholith ecoregion, and a series of leékcoregions that predominate along the Rocky
Mountain Front (i.e., mountaito-plains transitional zonesiNote: There iscurrently no validated
nutrient-increaser model fouse inthe Middle Rockies ecoregioms of this writing, a sample that
indicates>51%probability of impairment by nutrients should be considered to indicate the sample is
from a site with excess nutri¢problems Finding based on diatom samples are not, however, stand
alone, and need to be incorporated with other data per the decision framework descrit&mttion 3.0

of the main document

B.2.2BIOMETRICBASED OMACROINVERTEBRATES

Benthic macroinertebrates have been used for a long time as indicators of stream water quality (e.g.,
(Hilsenhoff 1987; Barbour et al. 1998)EQ and EPA carried out a correlation analysis using Montana

data b examine the relationship between stream nutrient concentrations and benthic

macroinvertebrate metric§Tetra Tech Inc. 201.0dmong the metrics, one (Hilsenhddfotic Index, or

HBI) is sufficiently well understood and showed a sufficiently patterned response to stream nutrient

AN RASyida Ay az2yidlyl Qa Yz2dzyilAy2dza NB3IA2ya GKIG ¢
variable to help assess nutrient impactHow the metric will be incorporated with other effect variables
wasdiscussedn Section 3.0We here define a biological threshold for the HBI metric, giving

consideration to the fact that almost all mountainous streams in Montana are to be maintauntdble
F2ANBSGK YR LINRLI IFGA2Y 2F &l f WEMseRABLEZKSE | YR |
classes)2 NJ aANRGUGK FYR YIFENBAYFf LINBLI IIFGAZ2Y 22 al f Y2YyA
clas®s).

B.2.2.1 Hilsenhoff Biotic Inde

HBI is based on tolerance valuédarge number of macroinvertebrate taxa have been assigned a
YdzYSNRAO @I fdzS ¢6KAOK NBLINBaSyida GKS 2eNdHHPHNEBY Qa (2f
is then calculated as a weighted average tolerandeevaf all individuals in a sample. Higher index

values indicate increasing tolerance to pollution.

FigureB21(A)showsthe HBIvs. TP correlation in mountainougion streamgTetra Tech Inc. 2010)

¢KS RIFGF FNB FNRBY {KS Mduatd@nboiegionantanazDeparner®df | a4 o @1
Environmental Quality 2006y heMountainsBioregioncomprises stream sites whose catchments are

mainly in the Middle Rockies, Canadian Rockies, Northern Rockies, and Idaho Batholith ecoregions and
where elevation is greater than 1700 m, precipitation is greater than 700 mm/year, and annual mean

daily maximum temperare is < 12C Also shown is the same data, but this time aggregated simply by

level Il ecoregion rather thapioregion FigureB2-1(B)); note theverysimilar patternsThis indicates

that ecoregions and bioregions work about equally well as geosatiaeworks to segregate

macroinvertebrate data for the purpose of correlation to stream nutrient concentrations.
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FigureB2-1. HBI metric vsTP.
A. Mountains bioregion. B. Middle Rockies ldiletcoregion.
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The relationship between HBI aiid\ is shown belowF{gureB2-2), aggregated by ecoregionsnly
Middle Rockies ecoregion showds for TR/s HBI, therds a noisy but discernable (and significant)
relationship between nutrients and theBf score.

FigureB2-2. HBI Macroinvertebrate Metric vs. Stream TN Concentrati@ata are aggregated by
ecoregions (Middle Rockies ecoregion shown).

Severatomponents oFiguresB2-1 (A)and (B) and FigureB2-2 require explanation Changepoint
analysis(Qian et al. 20033hows the statisticalkgerived point in the dataset where a shift, or threshold,
in Y has occurred relative to 4 thefigures, it is the vertical black line, bracketed to the right and left
by its 90% confidence interval as dashed grey lines. This cipaigfe+ its 90% confidence interval, is
shown as a numeric value at the top of each figure. The curving dasheduimeésg left to right are the
locallyweighted regression line (LOWESS) and associated 90% confidence limit as dashed Tégklines
{ LIS I NM¥ib cgreelation valugConover, 199%etween nutrient and metric is shown on the right
side of each figure.

B.2.2.2 Interpreting the Macroinvertebrate Metric Correlatiorte® Nutrients
AlthoughFigureB2-1 and FigureB2-2 demonstrate significantorrelations (parametric leastquares
regression), they show large amounts of scatfdumerous factors contribute to this scattéfor

example, macroinvertebrates are separated from the direct effects of nutrient increases by one trophic
level (i.e., nutrients directly influence aquatic plants ahghe, and changes in plant speclasmass

and DQn turn influences macroinvertebrateshhis is why they are considered secondary data, per the
Section3.0 decision frameworkin addition, environmental factors (natural and humeaused) other

than rutrients influence macroinvertebrate populations, adding to the scatter in the relationships
between the metrics and the nutrient¥his is especially true for these data, which have been compiled
over relatively large spatial areas and incorporate mdiffgrent streams sampled over a long period of
time (> 15 years). In spite of the scatter, there are patterns that can be discéMogg for example,

that when TP is greater than 0.15 mgfLFigureB2-1(B) the likelihood of a stream having an HBI scor
<4 is very low
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