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1.0 Project/Task Organization

This document presesithe research quality assurance project plan (QAPP) for collecting and
analyzing data from a segment of the lower YellowstonerRiVais work is being undertaken

for the purpose of developing a computer wapigslity model Assuch, in addition to quality
assurance descriptions for fietdllected data, detailed descriptions of howdbmputemodel

will be calibraedand validagédarealsoprovided herm. Field data collection and model
setup/calibratiosverificationwill be doneby staff of the Montana Department of Environmental
Quality (DEQ). Analysis of samples will be undertaken by the University of Montana Flathead
LakeBiological Station and the Montana Department of Public Health and Human Services
Environmental Laboratory. Michael Suplee, Ph.D., will provide overall project oversight for this
study. The following chart shows the roles of the various entities amdélaionship to one
another.

MT DEQ
Project Manager MT DEQ
Michael Suplee | | QA Officer

Mark Bostrom

MT DEQ
Monitoring Section Supervisor | MT DEQ
Rosie Sada de Suplee o] Modding Section
: Kyle Flynn
MT DEQ |
— Monitoring Section  {----
Andy Welch '
ndy wele ; MT DEQ
i Modeling Section
S Michael VanLiew
MT DEQ i

Monitoring Section |---
Mike Stermitz

MT DPHHS Laboratory
Lab Manager/QA Manager
Judy Halm

UM Flathead Lake Biological
Station

QC

Scott Relyea

----------- Lines of communication .
. . QA Program Authority
Project Management Authority

* In the field, Suplee will have general management authority for sampling decisions affecting the crew.
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2.0 Introduction

2.1 Background

In Montanadesignéed beneficial uses of state surface waters inadmoeth and propagation of
fish and associated aquatic life, drinking water, agriculture, tndusupply andecreation

(ARM 17.30.621 through 629)Eutrophication, or the over enrichment of waterbsdig
nutrients (usually nitrogen [N] and phosphorus [P]), can cause nuisance algal growth, alter
aguatic communities and result in undesirable waility changes thatanimpair these
beneficial uses (Freemat®86; Arruda and Fromni989; Welch1992;Dodds et al.1997).
Since 2001, the Montana Department of Environmental Quality (DEQ) has been working
develop numeric nutrient criteria for surface wat&tee intent of numeric nutrient criteria is to
protect waterbodieand their associated bengdicusesrom the adverse effects of
eutrophication DEQ hasmadegoodprogressn nutrient criteria developmefr wadeable
streams andmallriversof the statdoy integrating stressaesponse and referenbased
approachesarghese and Cleland005 Suplee et al2007). However, criteria development
for large riverge.g., Yellowstone, Missouri rivertas not yet been undertakdderein, we
propose an approach to developimgneric nutrient criterifor alarge riversegmentusing a
mechanisticcomputer wateguality model.This differsfrom the method®EQ hasusedthus

far for wadablestreams

2.2 Problem Definition

Montana DE(believes that anutrientcriteriaderivationtechnique fotarge rivers (defined

loosely here agver segments wh a Strahler order 7, 1:100,000 scale; Strahler, 196&Hould

differf r om DE Q0 sstreanaapmaadhberad® t he abil ity to i dent|
watersheds for the st atsedam mdthads gudinedin Supleestal. per
(2005), isinfeasible,andd) usi ng refeshedscsé® fisegmange rivers
proposedEPA method¢M. Paul, personal communicatiomay not sufficiently address

cumulative affects from upstream of the reference segsterd. Without beingable toidentify
referencevatershed$or thesdargesystems, setting benchmarks basag onreference
segmensheddbecomedighly debatable Further, inthe absence of reference one is left with

the task of defining water quality impaawithout the benefit of knowing what wimpacted

looks like.

Because of the issuesitlined abovewe believe thah reasonable way firoceedoward

developing nutrient criteritor large riverss to identify the valued ecological attributesthe

systemof concen, clearly statdhow these relate to beneficial usasd then determine when

those attributes have been impactad simulation modeling.Valued ecological attributes are
defined as ecosystem characteristics that directly or indirectly contributenemhwelfare

(Stevenson 2006and are closelgllied with beneficial useDetermining when valued

ecological attributes/beneficial uses have been impacted can be difficult, and requires both value
judgments and scientific understandinghe more clearlyanimpact threshold tavalued

ecological attribute/beneficialse can be defined, the more defensible will be the nutrient criteria
that prevent the impact
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We propose develapg numeric nutrient criterian a large river segmetitrough mechanisti
waterquality modeing by considering two specific valued ecological attributes that can be
directly linked to beneficial useBecausehere areclearimpact thresholdfor the following
we intend to model these on tiellowstone River

1. Dissolved oxgenlevels which arerequiredby state lawto be maintained®®5 mg/L in
order toprotect aquatic life and fighy useg(early life stagesDEQ 200&).

2. Benthic algae levels, which should be maintained belawisancehreshold{ ARM
17.30.637(1)(g to protectrecreation usesBased on 2006 DEQscientificpublic goinion
surveyaddressing whetherecreational use of rivers & streamscomes impacted by excess
benthicalgae algae levelshould bekeptbelow 150 mg ChéVm? (Larix 2006; alscseestudy
results athttp://www.umt.edu/watershedclinic/algaesurveypix.htm

Watershed "Segment-shed”

Figure 1 — Concepiual diagram illushrating the watershed versus segment-shed ideas. The
segment-shed is recommended for considering the area contributing to land cover/land use
information ahove a large river site.

The QUAL2K modelwas selected by DEQ for the Yellotwae project due to its frequent use in
dissolved oxygen¥O) modeling and itsbility to simulate benthic algae levels (Dya@nd

Koncan, 1996; Chaudhury et al., 19@apra, 2003, USGS SMIC 2005%lthough the benthic
component of the model has not been well reported on in the literature, empirical relationships
between river nutrient concentrations and benthic algae dérsieybeen reported (e.g., Dodds
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et al. 1997).Butcher (2006) reported thtite default parameters in computer models like
QUALZ2K need to be adjusted to come in to alignment with the empirical re$yltdblished
studies(e.g., Dodds et al., 1997DEQ acknowledgsthatthere may bénconsistencies between
mechanistic models and empirical nutriafgae relationships, and we will carefully assbss

during model developmenilo help crossheck thenodeledcriteria,two other nutrient criteria
develgment techniques will be considered. Firguastireference approach will be used

whereby the modeled criteria will be compared to nutrient concentrations from an upstream
reach of the Yellowstone River perceived toddavmi ni mal wat ecompafti $gnorm
site; Suplee, 2004)Second, the model output nutrient concentrations will be compared to
concentrations from river and stream empirical models (Dodds et al., 1997; Dodds et al., 2006).
These efforts wilhelpcrosscheck the model output rdisi

Based on preliminary discussions among the principle autioingss QAPP (Suplee, Flynn and
Van Liew, DEQ) it was decided to undertakee modelingwork on a segment of the lower
Yellowstone River. Tasegment was selected becaii$msa minimal number ofpoint sources,
a fairly well established gaging network, and fairly characteristiepmant source impacts.
Further, Miles City(within the study reach$ currently in the planning phase of upgradiisg
wastewater treatmeptant As pat of this upgrade, Miles Citig veryinterested in potential
futurenumeric nutrient criterighat mayapply tothe Yellowstone River.To assure that this
segment of the Yellowstone River was appropriate fepthject, reconnaissance ipy DEQ
staffwereundertakeralong the rivefrom August 14'i 19" 2006 February i 8" 2007 and
June 21-22" 2007. During thesetrips noteswere takeron the accessibility of various locations
along the reach, candidate locations to install monitoringoeggmtwere identifiegdand field
measurements atream velocity, DOtemperature and sediment oxygen demand (S(3D¢
made

3.0 Project/Task Description

3.1 Primary Question, Objectivesand River Reach Description

Theprojectoutlined in thisQAPPiIs designed to answer the following question:

In a segment of the lower Yellowstone Rivératare the highesllowableconcentrations
of nitrogen and phosphorus which will raatusebenthic algae to reach nuisance levels
and/or dissolved oxygen concenioais tofall below applicableState water quality
standards?

As described previously, DE@tends to usea computer model that will answ#ris question
The Yellowstone River segment to be modeled will extend th@Rosebud Wedishing
access sit@FAS) at 46.2646 N latitude, 106.6959 W longitude (just upstreaS& S gage
06295000Yellowstone River at Forsyth, Mo theold Bell StreetBridgeat 471055N latitude,
104.7198W longitude whichis at the same location BESGSgage06327500Yellowstone
River at Glendive, MTFig 3.1).

Oncethe model igalibrated andalidated(Chapra, 2003; Wells, 2005)r this reachDEQ will
simulate a critical lowflow condition {.e., 7Q10) during which nuisance algae growth and
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depressed DO concentraticar® likely tobe most severeWe will then vary N and P
concentrations in the model to affect changes in the DO andlalggeutpus from themodel
Thehighestinput N (dissolved organic N, N§)and NH) and P(dissolved organic P and
inorganic P)oncentrations thado notcausenuisance algae growth aondexceedences of the
DO standardinder these lovilow conditionscan be used as timemeric nutrient criteria for this
river segmentluring the base flow period@otal to soluble nutrient ratiod as currently
manifestedn the riverd will be used to derive totalutrientcriteria concentrationsvhich are
the end goal of thiproject If a single nutrient (e.gN) is clearly limitingin the river the
Redfield ratio (Redfield1958) will be usedio set the accompanying, ndimiting nutrient
criterion

In order toaccuratelycalibrate &validatethe modelDEQ intends to measura largenumber of
factors that directly or indirectly influend2O andbenthic algae densiip the river These
includeforcing functionssuch as meteorologgnd hydrologyandstatérate datawhich are
describd in subsequent sectiorSur basic assumption is thditect measurement of key
parametersvill increase the confidence in the model predictions and reduesmtaetainty in
model parameters and coefficie(ft$elching and Yoon,1996; Barnwell et al., 2004 The
modeled criteri@an alsde compared to nutrient concentrations fibupstreancomparison
site onthe Yellowstone River perceived to have minimwater qualityimpacts and to results
from applicableempirically-derived models (Dodds et al. 1997; Dodds et al. 2006).

3.2 Project Design

3.2.1 Model Selection

Thecriteria forselecting a modetere (A)relativesimplicity and (B)its ability to answeour
guestion and yield adequate accuré€senkel and Novotnyl979 Chapra2003). QUALZ2K,
MIKE11, WASP, and CEQUAL-W2 wereall considered QUAL2K was ultimately selected by
DEQdue to frequencyni application for TMDL planningnd dissolved oxygen rdeling(Drolc
and Koncan 1996; Chaudhury et al1l998; Rauch et gl1998 Chapra2003, USGSSMIC,
2006), endorsement by the EPA (EPA, 20@5)dbecause ibffersrelative simplicityasaone
dimensional steadgtatemodel(e.g, it assumes the channslwell mixed vertically and
longitudinally andmeteorology, hydrology, and hydrauliemain constarduringthe simulated
time-step) QUAL2K canalsobe run in a quasiynamic mode to simulate diurnal DO and
temperature variati@(Mills et al,, 1986; Chgra and Peétier, 2003).The other modelthat
were consideredre fully dynamic, but are more complex and require more data eapdibne
(MIKE11) is proprietary QUALZ2K is also able to simulate benthic algae growth, a key
parameter of interest in thisudy, which its predecessor (QUALZ2E) could.not

DEQ measuredO and temperaturguringthe summer 20068econnaissandeip to verify that

basic modeling assumptions such as complete mixing (vertically and laterally) would not be
violatedat any of thesites visited The results of thfield work are documented as part ofsth
QAPP(AppendixA) and clearly show that the initial model assumptions are satisfattory
addition, the steady state flow assumption was evaluated using the anticipated hdbwwater
the Forsyth USGS gag@ver a one week period from August23 (the anticipated period for
modeling) flow changed 6% of the period of record. This is considered acceptable for steady
state modeling.
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3.2.2 Model Developmentind General Design

Sevenmajorriver sulreacheswhich comprig the entireYellowstone Rivesstudy reachwere
identified for modetevelopment Each of thesevenmajor subreaches will be further
subdivided based on hydrolodwdraulics known water quality changestc.such that
approximately 3840 total modelingulreaches are anticipated. Td&enmajorsubreaches are
(Figure3.1): (1) Rosebud West FAS tioe Cartersville Canal return flow, (2) Cartersville Canal
return flow to the Tongue River confluence; (3) TongueeRconfluence to Kinsey Bridge FAS,
(4) Kinsey Bridge FAS to the Powder Ri¥@&hirley Main Canatonfluence; (5) Powder
River/Shirley Main Canatonfluence tahe O &allonCreek confluencg6) the O &allonCreek
confluenceo eleven miles upstream of &ldive, MT, and (7) eleven miles upstream of
Glendive tathe Bell Street Bridge irGlendive, MT. A YSI 6600EDS sonde will be deployed at
each of these breakpoints and will measure the necessary parameters fqualétemodel
calibration (temperature,®, pH,Chl a, etc.). Additionally, an upstream site will be located at
the Buffalo MirageFAS just upstream of Laurel, MT. The comparison site isroo@stream
segment of the Yellowstone River currently considered to fully support all its uses (2006
Integated Report)and is near or within the ecotone where the river changes from-avatéd

to a warmwater fishery.
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Depthandwidth integratedsampling is planned to be coincident witle YSI locationgas well

as for major tributarieand thecompaisonsite), and is designed to bracket water quality and

other measured parameters at the upstream and downstream endobtleastven

sulreacles Based on a review of USGS gagjes DEQ has concluded thanly two natural

tributaries in the modilg study reachwill require monitoring duringth@ | ow f | owo moni t
period;the Tongue and Powdeiver. However,any major tributaries that are flowimgar their

mouthsd ur i ng the synopti c er&osebudcregksvilhesasplede. g., O
opportunistically. Andecause of their likely influence on water qualggyeralirrigation

canalswill besamped. The Cartersville, Kinsey, Shirle§erry Mainand Maincanals will be

monitored forwaterwithdrawal volume at their upper limitsThey will also be samplefdr

guality/quantity at their confluence (inflows) with the rivethen identifiable return points exist,

to establish the influence tfeirreturn flow In some cases (e.g., Bonfield FAS, Pirogue Island

State Park, Terry Bridgetc.) monitoringsites willalsobe near the middle of a subreach.

Benthic/rate measurements will be completed at these locations along with instantaneous water
guality to provide a check to assure no major water quality changes have occurred within the
subreach.

Watersample and other data will be collected during twi®d&lay periods in August and

September 20Q7or the purpose of establishing calibration amatidationdataset for the

simulated water quality state variablégis splitsample calibationvalidationapproach is

appropriate for a Levdl confirmation in which the model is tested using different

meteorologicabind boundargonditiors from which it was calibrated (Chap2003). Thi s - il ow
fl owo period i s c¢ on ghtichidimitng perod \where comditidngadf i ve of
nuisancealgae and/or low dissolved oxygen would limit beneficial uses in the Yellowstone

River.

Mills et al. (1986) recommeiedithat sampling occur at points where water quality standards
may be violatedin addition to boundary conditions and key tributary breaks. Benthic
measurements are plannfied downstream of Forsyth, Miles City and Tery observe potential
responses of the river to WWTP inputéis has been initiated due to the fact thadday DO
concentrationsvere measuckbelow 5 mg/Lduring the 2006 field visifAppendixA) in Miles
City, andheavy nuisance algal gromives observedear Miles City at the Roche Jaune FAS

Other importanforcing datanecessary for modelingclude pointsourcedischargesdiffuse
sources (nofpoint),and meteorological dataviunicipal permitted point source discharges are
located atorsyth,Miles City, Terry,and near the border of Fallon/Prairie Counutrient and
other data collected as part of the MPDieSBmits from point sources will be gathered from the
DEQ Permitting and Compliance Buredtithese are not deemed appropriate for modeling
purposesanadditional effort will be made torganizea data colledbn effort at these point
sourceverthe moritoring period Norn-point source data (e.g. groundwater monitoring) will
not be collected as part of this project. Rather, the Montana Bureau of Mines and Geology
(MBMG) GWIC database will be consulted to establish quality constituents of groundwater
accreion. A cursory review of this databass/ealeda number ofjroundwatewaterquality
sampling locationgh Rosebud, Custer, Prairie and Dawsouanties
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Meteorological datare beingollected at a number of statioimslependent from this study
Commurities along the targeted reach such as Forsyth, Miles City, Glendive, etdN@&/4 or

BOR weather stations that provide the necessary data for modeling. Those stations with hourly
meteorological observatioms either air temperature, wind speed, relatwmidity, solar

radiation or cloud cover are identified bel¢see alsd-igure3.1):

Buffalo Rapids Terry, MT (BRTM), BOR Agrimet

Buffalo Rapids Glendive, MT (BRGM), BOR Agrimet

Glendive AWOS (WBAN 24087), NOAA

Miles City Municipal Airport (WBAN 2037, COOP ID 245690), NOAA
Forsyth W7PGLO (AR184), NOAA

a > w D E

3.2.3 Sediment Oxygen Demandveasurements Using Benthic Chambers

Sediment Oxygen Demand in thellowstone RiverAugust 2006 Sediment oxygen demand
(SOD), or river-water oxygerconsumptiororiginating from the sedimentsan be an important
component of river DO dynamicBgwman and Delfinp1980; Matlock et a).2003. We
undertook SODneasurmentsat two locations irour targeted reach of théellowstoneRiverin
August 2006using the sednentcoreSODmethod (Edberg and Hofstel973). SOD was
measured in paired, opaque core sam{fies 3.2) collectedatthe Roche Jaune FAS and the
Fallon Bridge FAS All SOD valueswere corrected for theatercolumnoxygen demand
(WOD) of the waterbove the sediment coréSuplee and Cotngt995). At the Roche Jaune
FAS the WOD was undetectablehile SOD was ¢naveragep.5 g Q@ m? day’. However the
greatest proportion of DO demand was probably associated withonilskoffilamentous
Cladophaa at the sit§we did not measure DO demand of @ladophora and naCladophora
was presentn thesedimentoreswe collectedl At the Fallon Bridge FASvhere noattached
Cladophorawas notedWOD was1.1 g @ m™ day* andSOD was(on averaged.7 gO, m*
day* (CV = 22%) SOD accounted fabout38% of the total DO demarid the riveratthe
Fallon Bridge FASwhenWOD was integratedverthe meanriver water depth of 1 m.

From these preliminary measurements we concluded thatc@®bea majorpart of theriverd s
DO dynamics, and should be directly measured for purpos@slAt. 2K calibration and
validation.Although QUALZ2K calculates SOD based diagenesis o$ettling organic carbon,
temperature, etc., it also allows the user to input suppiemeSOD if the model is
underestimating measur&DDvalues (Chapra and Pelleti@003).
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Figure3.2. Measurement of sediment oxygen demand in sediment core samples,
Yellowstone River, August 2006. ARairedsedimentores in their water bath,

with YSI model 85 DO meters attached. Thbkeon the rightonly contained river
waterand was used to measure BOD. ®oseup of the sealededimentores and
attachedrSI DO probes. The metal wires wettéaghed to paddlassed to stir the water
above thesediments just pridio taking the DO measuremenig/aterbathtemperature
wasmaintained at the temperature measumettie riverduring sediment collection.

In SituMeasurement dODUsing Benthic Cambers Summer 2007EPA indicatesthatin situ

measurements of SO&re preferable taboratorysedimentcores techniquegMill set al,
1986). And although sediment coresere usedor the August 2006 reconnaissanceisialsothe

1C
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opinion of Supleg(of this QAPP) thatin situ SOD methods should be used in 2008&sed on
past experience measuring SQie€Suplee and Cotngt995; Suplee and Cotn@002; Cotner
et al, 2004) This is because theed of the Yellowstone River wasmprised otoarse andine
gravel,making thecollecion of undisturbed sediment corgsitedifficult. It is alsodifficult to
simulateflow velocities across the sediments in a sedimerg. Simulationof river velocity
over the sediments is important to accurate measuteshever SOD (Hickey1988
Mackenthurand Stefan1998.

Weintend to usén situopaqueSOD chambersimilar in designto that ofHickey (1988 Fig

3.3). His chambedesignis specialized for river usendcansimulatein situriver velocities.
Opaque chambemdlow for simulaton of nighttime SOD, which is the criticéilme periodwhen
river DO is the lowesandwhichis of most interest to usA chamber volume/surface ratio
(L/m?) of < 100 generally provides good declines in DO wféicienttime frames (212 hours),
thereforea ratio of 70will be used for our chamberdhe chamber pump will simulate velocities
across the sedimeranging from zero t6.4m sec', which encompasses the range of near
bottom water velocities measured in theeriin August 2006Appendix B) A flexible skirt of
rubber orasimilar inertmaterial will be attachedroundthe circumference of the chamber
where it interfaces with the sedwewd#prabably Due
not be abled press thehambers in to the sedimenesry deeplytherefore the skirt wilhelp
providean additionakeal between the sediments and the enclosed water in the chamber.

Solute Fluxes to be Measured Using lié&itu Benthic ChambersDi Toro et al(1990)
recommended that if SOD is being measunesitu, dissolved methane and ammonia should

also be measured, and QUAL2K allows the user to prescribe these fluxes (Chapra and Pelletier,
2003).The flux of total dissolved inorganic carbon (DIC) valsobe measured. The sediment

DIC flux will be compared to the DO flux in order to calculate the respiratory quotient (RQ; CO
flux/O; flux), which will show if organic material on the river bottom is being metabolized by
largely aerobic or anaerobic procesgWetzel, 1983; Suplee and Cotner, 2002). This

information will be valuable for model calibration.

11
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FIG. 1. Benthic Metabolism Chamber (OR = Oxygen Recorder, TR = Tempera-
ture Recorder)

830

Figure3.3. General diagram of the fleadjustable SOD chamber proposed for use imptbject
from Hickey (1988).The final design wilbe a modification of this basic layout. For example, a
flexible skirt will be added around the circumference of the chamber to assi0ed seal to the

river bottom in cases where the device cannot be pressgdeeplyin to the sediments

3.24 Other Rate Measuements

QUALZ2K allows the user tcnput maximumphytoplanktorphotosynthesis rates at a given
temperaturgkgy [ T]; Chapra and Pelletie2003. These willbe measured directlynethods for
which are outlined in the SARSimulated nightime DO uptake by ladophora sppwill be
measured at locations (e.g., Miles City) where dense beds are present and likely influence DO

dynamics.
3.25 Other Benthic Measurements

Estimate of AlgeGrowth Cover andProportion of Applicable Channel SODhe % river
bottom cover by algae and the % river bottommvhich SOD measurements apply will be
estimatedht cross sections apecified sites Both of thesg@arametersan be prescribed by the
user in QUAL2K. During the transect collection of benthigaé, a record will bmade atach
sampling localendicating the degree and type of algae cover&dAL2K alsoallows the user
to dictate the proportion of river bottom that S@Basurementspplytowards under the
assumption thatnly a proportion otheriver bottomis capable of generatingsignificantSOD.
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We will estimaten the fieldthe proportion of the river bottom along the transect that has
velocity and deptleharacteristicsimilar tothe sites where SOD was measured. Our assumption
is that areas of high velocity and scouring (eriger thalweg) willhave lowelSODthanthe

slower, more depositionphartsof the rivef where SOD measurements via#é madeThemodel

will be setup to reflect the values provided bystfesld-collectedcoverageestimations.

3.26. Water Column Measurements

Most water quality measurements are routine and are adequately detailed in theeRSEng
DEQ QAPPqe.g., DEQ 2005) Howeversome norstandard analytical measurements are
important toQUAL2K operation and will therefore be completed. QUALRBIOmMpts the user
for the stoichiometry (C:N:P ratio) amdassof suspended organic mattés¢sto; living and
detritalorganicmateria), so samples for these will be collected and analyzee. ti&e SAPdr
details on sample collection procedures.

Realtime measurements (30 min increments) using YSI 6600 EDS sondes will be rec@ded at
sites for up to 45continuousdays of monitoring There are currently no DEQ SOPs for using
these instruments longterm deployment. Therefore, data quality objectieesheir useare
detailedin Section 4.0.

3.2.7 Meteorological Measurements

According toTroxler and Thackstorl@75 andBartholow (B89), it is possiblghatthe
meteorological data collected atprts or in towns on the bluffs above the Yellowstone River
by NOAA/BOR may not be representative of conditions at the riVidrerefore, an independent
weather station unit will be installdry DEQon a small islanéh the riverwithin the Fort Keogh
Agricultural Experiment Statiomear Miles Cityand its airport weather statioff there are
significantdifferences betweethe on-river and officialMiles City NOAA weather data, the
differences can be usedhelpadjust other official datan other pats of themodelingreacles

An adjustment procedure (Raphad62; Bartholow1989)will be based on the assumption that
therest of theYellowstone study area is fairly homogenaeuith respect teelevation, aspect and
land use.

3.2.8 Hydraulic Measurements

Waterquality models are typically no better thaaguired data (i.e., coefficient®speciallythe
travel time used in themass transpoformulation (Hubbard et gl1982 Wilson et al, 1986;
Barnwell et al.2004). Accuraterepresentationf model hydraulisis necessary to achieve the
model output quality desired for this studgé section 7.3/odel Usability). Several
approachebave been proposéddr estimation ohydraulic propertiesisedin QUAL2K. Paghal
and Mueller(199]) andNing et al. 2000 utilized velocity measurements anumber of
modelingreachedo estimatdravel time. Kuhn (1991and Bilhimeret al. (20®) introduced a
dye tracer and used florescemseasurement® identify travel time between mo@elreaches
Park aad Lee (2002) used formulation oM a n n § eggaiorandassume prismatic trapezoidal
channel geometryDEQ will directly measure channel geometry, velocity, and associated
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roughness coefficients at specified sites. Height and width of the lowheaukedarorsyth will
be obtained for calculation of-aeration and associated hydraulics.

Preliminary calculation of travel timgetweenForsythand Glendivénas already been completed
using a Microsoft VBA program developed by USGS for the YellowstomerRMcCarthy,

2006). The USGS software indicated a travel time of 2.25 days, which is based on the observed
flood wave celerity of two storm events and the ratio ofvhlscity to most probable base flow
velocity. McCarthy(2006)is quick to point outhat this estimate could easily be off by a factor

of two. A dye tracer studis planned tde completed through the USGSsuimmer2008 for

validation of computed travel time.

4.0 Quality Objectives and Criteria

4.1. Quality Criteria for Benthic Chamber SOD

In spite of its importance to DO dynamics, SOD measurement is not found in Standard Methods
(APHA, 1998); however, there is a significant body of literature on the topic (see review by
Bowman and Delfino, 1980). Bowman and Delfino (1980) defheriteria for acceptable SOD
measurements: (1) consistency; (2) reproducibility; and (3) efficiency. Consistency refers to the
ability of the investigator to adhere to the prészd SOD measuring technique. Consistency will
beaddressed by adherencehe techniques outlined in the SAReproducibility addresses

replicate variability. We will measure SOD in duplicakeamberst each site, with a CV target

of £ 20%, which is considered go¢Bowman and Delfino, 1980yWVOD (used to correct gross
SOD)will be measuredia the Winkler methodh triplicate 300 ml dark bottles incubated at
ambientriver temperature Efficiency refers to the ability to make a sufficient number of
measurements over a relatively short time period. We intend to be ablefemoeach set of

SOD measurements within@hours of initiation by assuring that the chambers have a chamber
volume/sediment surface ratio d. If the longer timeframe (i.8 hrs) is needed, these will be

run overnight so that SOD measurement woll consume the working hours required to

complete other project tasks.

4.2. Quality Criteria for YSI 6600 EDS Sondes Deployed Lorfierm

Long TermDeployment of YSI 6600 E[3ndes YSI 6600 EDS sondes will be deployed along
the riverand continuouslyecorddatafor up to45 days.Each instrument will be calibrated in
the laboratory prior to deployment, and chestiagainfor instrument driftupon retrieval. The
Alliance for Coastal Technologies (ACT$ athird-party organizationhatcarries out
performance verification studies for the@and otherjnstruments irrigorous, longterm field
deployments around the U.Sseéreports and organization information: dtttp://www.act
us.info/evaulation_reports.php We have used their APerfor man
reports to develop quality criteria for the sondes wevill deploy on the Yellowstone River.
These ACT eports discuss, on a prebge by probedype basis, the period éme until

biofouling begins to interfere with instrument measurements. -Raydgerferencdrom

biofouling vary, but typicallyfall in the range of 185 daysjn some casesowever,no
interference is noted even after 44 dai/sontinuous deployme®CT, 2007). To assure
guality measwments, the YSI sondes will be checked for biofoulmgur studyat the
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approximatemidpoint of the study25-30 days after initial deploymerdand cleaned and
recalibrated as needddata collected to that point wibe down loadetb a laptogor safe
keeping.

Instrument driftduring the deployment periaslanequallyimportant issue, and is addressed
below,by measuementtype.

Dissolved OxygenAccurate BD measurement iy to thisstudy, so DEQ haspuicas ed Y SI 6s
ROX™ optical DO sensors. These sensors became avditabieYSlin 2006 andn testing

show no significant drift ovel-2 month deployment timeframes during which they were tested

(YSI, 2007) This is agreat improvement over the drift obged forY S | pdlarographic probes

(ACT, 2004) The quality criterion for DO concentration data collected over the sampling period
using ROX* optical sensoris that instrument drifivi | | 0.bneg DO/L, using thesingle

point, watersaturated air technique

Turbidity. In an ACT test at 7 sites around the country with deployment tiawegingfrom 29

77 days, instrument dri6 NTU, initial standard calibratigranged from @L7%, with a mean

drift of 8% (ACT, 2007). The quality criterion for turbidity data collected over the sampling

periodin our studyis that instrument driftfrom initial calibration att1.2NTU, wi | | be O 10%
(YSI has calibration solution of 11.2 NTU whighas close to the 5 NTU as they provide).

Chlorophylla. In anothe ACT test at 5 of the 7 sitesentionedabove, Chh (using Rhodamine

WT asthe initial calibration dy¢ drift during deploymentanged from3% 3 % @t pee@ni ngo o
theprobe,andfra 0. 8 t o 18 % - Imeami g dfpotsh ¢Kegpingppb e ( A
this probe clean clearlyiminishesdrift.) The quality criterion for Ché data collected over the

sampling period in our study is that instrument drift from calibration (usiragi&imine WT)

wi | | b,@ostOeatiry %

4.3. Quality Criteria for Other Field Measurements

Routine Water Quality Measurementsll quality assurance and quality control (QA/QC)
requirements followed by DEQ will be instituted for this project. sTihcludes use of standard

site visit forms and chain of custody forms for all samples. The QA/QC requirements for water
guality samples, flow measurements, etc. are described iniddilQ (2005), andire

sufficiently coveedthat repeating them herg motneeded

Dye Tracer StudyThe dye tracer study, if initiated, will be carried out by the USGS and all
QA/QC procedures developed and implemented by that agency will be followed.

5.0. Assessment and Response Actions

The QA program under which thigoject operates includes independent checks obtained for
sampling and analysis (i.e., laboratory quality assurance processes). The DEQ QA officer may
perform audits of field operations and laboratory activities during the course of the project. The
QA officer has the authority to stop work on the project if problems affecting data quality that
will require extensive effort to resolve are identified.
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Any changes to the SAP which may result after the project is initiated will be documented and
included as an addendum to the SAP. Project responsibibti@sdividuals directly involved in

the projectareshownin Table5.1 below. The project manager (Suplee) will communicate all
significant changes in field protocols or sampling locations to theelimy staff and the DEQ

QA officer, as they arise. The likely impacts of these changes on project success will be
discussed on a cabg-case basis, and the project adjusted/modified to continue to meet the
objectives in this QAPP, as needed.

Table5.1. Project Personnel Responsibilit

Name Organizatiol Project Responsibilitie
Michael Suple MT DEQ Project Management/data collect
Kyle Flynn MT DEQ Model Calbration and Validatic
Michael Van Liev MT DEQ Model Calibration and Validatic
Monitoring Staff : MT DEQ Data Collectio
Monitoring Staff . MT DEQ Data Collectio

6.0 Data Review, Validation and Verification

6.1 Modeling Analyses Preliminary Data Compilation and Review

Prior to data use, DEQ will compile all information in a usable format for modeling. The
necessary QC will be ampleted to ensure that DEQ monitoring efforts, as well as ancillary data
sources used in the modeling effort (i.e., other agencies), are suitable for modeling purposes.
USGS, BOR, and NOAA data (streamflow and weat
web site and assembled into individual data files. These data will be reviewed by DEQ for

guality factors such as completeness, accuracy, precision, comparability, and representativhess
(DEQ, 2005) The same will be done for DEQ data. The appropriateezsions will be made,

and timeseries data will be generated in a format suitable for modeling (e.g., QUAL2K operates
in Sl units and on an hourly time step [Chapra, 2003]). Additional data aggregation is necessary
given the steadgtate limitations of thenodeling framework. Model boundary conditions such

as streamflow and meteorology are allowed to vary diurnally in the model, however they are
considered constant for the length of the simulation period. Therefore a reach having a three day
travektime isexposed to three days of different hourly meteorological forcings which must be
averaged to achieve representative input datg g.gaking the three day average of the 7:00

8:00 a.m. air temperature, 8:900 a.m. temperature, etc.). This procedsneeicessary for all
meteorological input (air temperature, wind speed, dewpoint, etc.) and any other water quality
constituent that needs to be analyzed diurnally (temperature, DO, nutrient speciation, etc.).
Pointsource water quality data are allowed/éwy sinusoidally based on a specified mean,
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range, and time of maximum. Associated discharges are consideredsttgadyr the entire
simulation period.

7.0 Validation and Verification Methods

7.1 QUAL2K Model Calibration and Validation

Calibraton has become increasingly important with the need for valid and defensible models for
TMDL development (Donigiaand Huber1991;Little and Williams 1992;Wells, 2005; DEQ
200@). Model calibration defines the procedures whereby the difference betinepredicted
and observed values of the model are brought to within an acceptable radjesbyenof
uncertainparametersldeally, this is an iterative process whayeleficiencies irthe initial
parameterizatioare reviewed in éeedback loop toeformulateand refine the calibration
Generalinformation related to model calibration criteria and validation consideratambe
found inThomam (1982; James and Burg€$982; Donigian(1982); ASTM (1984); andWells
(2005. For the purpose of thQAPP (andsubsequent modelirgfforts) two testswill be

utilized to definethe sufficiency of thenodel calibrationThese ar@ercent bias and the sum of
the squared residuals

Percent Bias Percent biags defined aghe consistentr systematiclevation of results from the
"true” value(Moore and McCapel993) and can be a result of a number of deficiencies in
modeling. These includél) incorrectestimation ofmodel parametey (2) erroneou®bserved
model input data, (3)eficienciesn model stucture orforcing functions, or (4grror of
numerical solutiormethodgDonigian and Huberl991) Percent biag calculated athe
difference between an obser@aie)and predicted vakias shown below.

OBS - PRED _
OBS

%B = (1)

Where:

B = Percent Bias
OBS = Observedstate Variable
SIM, = SimulatedState Variable

Percent bias will be computed for each calibration locafiahfferent points in the modeling
reach) to evaluate the efficiency of the QUAL2K Yellowstone mo@®lerall percent bias
should approach zero.

Sum of Squared Residuals (SSQ$Qis a commonly used objective function for water quality

model calibrationl(ittle and Williams 1992;Chapra1997). It compares the difference between

the modeled and observed ordinates, and uses the squared differences as the measure of fit. Thus
a difference of 10 units between the predicted and observed values is one hundred times worse
than a difference df unit. Squaring the differences also treats both overestimates and
underestimates by the model as undesirable. The equation for calculation of the sum of least
squares is shown below (Diskin and Simb@77). SSQ will be used as a criterfor overall
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model evaluatiorand will be calculated aghe summation of aquared residuals for tlseven
calibrationtalidationnodes in the modgas well as fotheindividual nodes

2

Minimize Z:i[OBS— PRED] (2

i=1
Where:
Z = Sum of Least Squares

Model Validation Validation is defined as the comparison of modeled results with
independently derived numerical observations from the simulated envirorirhersgame
statistical procedures identified model calibratiorwill be implemented to the validah
dataset.Model validation isin reality, an extension of the calibration proceRg¢kow 2003;
Wells, 2005)and is often referred to as confirmatidis purpose is to assure that the calibrated
model properly assesses the range of variables anttitioms that are expected within the
simulation. Although there are several approaches to validating a model, perhaps the most
effective procedure is to use only a portion of the available record of observed values for
calibrationand the other for valation (Chapra1997). This type of splitsamplecalibration
validationis proposedor theYellowstone Rivemodeling projectTwo periodsof

representative wariweather conditions will be evaluateaicalibration period in Augu&007,
andavalidation geriodin SeptembeR007.

7.2 Model Sensitivity

Sensitivity analysis is a technique that can greatly enhance the model calibration process
(Chapra2003). It guides the modeler to focus the calibration on the most sensitive model
parameters and alloviise user to judge thelative magnitudef various model parameters on
key state variableSensitivityis typically expressed as a normalized sensitivity coefficient
(Brown and Barnwe]l1987)in which the percent changetime model inputparameters
compared to the change in model outpteequation for calculatinthe sensitivity of a model
parameter is shown below

AY, 1Y,

AX, 1X, ®)

Normalized Sensitivity Coefficient (NSC)

Where:

&Y = Change in the output variable Y
& X =Change in the input variablg X

Sensitivity analys is often accomplished using a eraiableat-a-time perturbation

approach (Brown and Barnwgll987 Chapral997. A summary of theormalized sensitiwt
coefficient NSC) calculated for the oneariableat-a-time approach will be included as part of
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the reporting which will include the parameter modified, the range and increment of modification
(e.g. £10%), percent change in the modeling results, anthtbglated NSC. The literature will

also be consulted to assess modeling efforts similar in nature to ours (e.g, Paschal and Mueller
1991; Reckowl1994; Drolc and Koncari999).More complex computational algorithrage
alsoavailable such adirst-orde error analyseand Monte Carlo simulation older version of
QUALZ2K, QUAL2E-UNCAS offers thisfunctionality. Unfortunately, deficiencies in the

benthic algaeomponenbf thisoldermodel make it less usef(fPark and Leg2002). DEQ will

assess thaetility of QUAL2E-UNCAS at a later date, although we have no plans to use it for the
Yellowstone Riveproject

Research hashown that sensitivity analysby themselves aneot alequatdor characterizing
model uncertaintyMelchingand Yoon,1996).Reckow (199 & 2003) and Chapra (2003)
indicated uncertainty analyses should be considered as a routine part of ecological modeling
studies. Uncertainty stems frorthe lack of knowledge regarding model input parameters
(Melchingand Yoon,1996)and the proesses the model attempts to descfBesard 19%).
Potential sources of uncertainty in tfiellowstoneQUAL2K modelhave been identified

priori by DEQ andincludethe following

(1) Estimaton of uncertairmodel parameter

(2) Uncertainty inobserved modehiput data

(3) Deficienciesn model structure and forcing functions
(4) Mathematic errors inumericalmethods

Chapra 2003)indicatal that modeling uncertainty is best expressed probabilistieiig. is

even more criticalor this effort sincenumeric nutriencriteria arébeingdeveloped.A

simplified Monte Carlo approacto addressincertainty analysis proposed for the Yellowstone
QUALZ2K modeling in order toaccount foithe combined effecif parameter sensitivity and
parameter uncertainty.e., a higHy sensitive parameter that is fairly certain can have much less
effect on the uncertainty of model output than a much less sensitive parameter that is highly
uncertain) Probability density functions (PDFs) will be estimated for model parameters using
either the uniform, nonal, or triangular distributionglentified in Chapra (1997%&nabling a
confidence intervaio becalculatedrom state variable outpuThis will provide statistical
measure osignificanceon model prediction uncertaintfthe Monte Cdo approach isully
decribed in Brown and Barnwd[L987) andChapra (1997)it is unclear at this time whether
DEQ will attempt to use the older version of QUALRINCAS for this analysedt is proposed

to be donemanuallyat this time (usin@nly a haulful of the most sensitive model paramelers

7.3 Model Usability

Acceptance of Modeling Resul@UAL2K has been shown to be a reliable tool for the

prediction of water quality when the conditions in the river are similar to those used to calibrate
andvalidate the model (Drolc and Koncan, 1996). The acceptance of the QUAL2K model will

be gauged by DEQ in sever al ways, i ncludi ng:
described previously, (2) comparison of simulated and observed values agaiost, user

specified criteria, and (3) model testing. User specific criteria developed by DEQ twettad
Yellowstone River QUAL2K model are shown in Tafglé.
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Table7.1. Preliminary Calibration and Validation Criteria for Yelldorse QUAL2Kmodel
State Variabl”  Criteria in Percel Unit Criteric

Temperatur +5% +1 °C
Dissolved Oxyge +10% +0.5 mg/L

Bottom Algat +20% mg/n?
Chlorophyll ¢ +10% pg Chla /L

® Should meet the minimum of percent or unit cril

Model validationtesting will be completederReckow (200 Three levels ofalidationtesting

are available, although only one is proposed. Level 0 testing inwadlidsitionof the model

over a period that is almost identical to that of the calibration period. Level 1 testing involves the
use of a different eteorology for the calibration am@lidationruns. Level 2 involves the use of
both different meteorology and point source loadings. The Level 1 approach is proposed for the
Yellowstone River Project given the fact that numeric nutrient criteria are 8eugjoped only

for a specified flow regime (e.g. low flow). The credibility of these criteria will hinge on the
confidence in the model predictions and the understanding of the associated sensitivity and
uncertainty in model parameters.

N and P conceraitions indicated by thignal model as potential criteria will be compared to the
N and P concentrations collected during the same period ebtiygarisorsite, and to literature
values fom empirical nutriefChl a models If results ofall 3 are withn an order of magnitude
of each otherthe results from the model will be considered reasordi®eto the site specific
nature of the results and documentation of the calibratididation proceduresdVe anticipate
that concentrations provided by the tipam comparison site will be lower than the output from
the model, given that the comparison site has less turbid, colder Waideled resultshat

differ from thecomparisorsiteempirical model$®y more than an order of magnitude will result
in a caeful reanalysis of the model input paratees. If after the reevaluationthe results from
the mechanistic modstill differ considerably from thethertwo approaches, DEQ will indicate
this in the final report and providbscussioras to the likely @asons why, and also provide
recommendations as to whether or not the model is an appropriate tool for developaric
nutrient criteriaand why.

8.0 Special Training/Certification

All project participants will have completed a First Responderdistourse, andlsobe

certified in CPR. All participants who will work on the boat will have completed a U.S. Coast
Guard certificatiorcourseindo Boat i ng Ski | | AlliraimidualsSscawildausihgi p 0 .
the boat on the Yellowstone Riweill, prior to beginning work on the Yellowstone River,
undertakeat least onelay of boatuse practice at Hauser Reservoir near Helena, MT.
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9.0 Documens and Records

Data generated during this project will be stored on field forms, in laboratory reptaiisenl

from the laboratories and in Excel spreadsheets hosted by DEQ shared network servers (backed
up on a daily basis). Site Visit/Chain of Custody forms will be properly completed for alll
samples. Written field notes, field forms (photo log, sifermation), and digital photos will be
processed by DEQ staff following QA/QC procedures to screen for data entry errors. Data
provided by the State Lab and the Flathead Lake Biological Station will be in-adidatible

format, and will be readiedfompor t i nt o the DEQO0s | ocal STORE"
STORET database by the Montana Department of Environmental Quality. Data will be
processed with Excel and with Minitab release AdcView version 9 ArcMap will be used for

GIS applications. The GPS adiate system datum will be NAD 1983 State Plane Montana, in
decimal degrees, to at least tharth decimal. All data generated during this project will be
available to the public.

A technicalreport document will describe the findings of the stadgiwill accompany the
QUAL2K model developed for the projedihe report will summarize the approashaken (i.e.,
this QAPP and the SAPthe results of the model calibrati®@nvalidation, sensitivity analysis
and uncertaintpnalysis.Thenitrogen anghosphorus criteriderived from the model will be
compared to literature valuasd todata fromthe upstream quaseference siteandwill be
thoroughlydiscussed in the reporRecommendations will be made in the report as to whether
or not the mechastic modeling approach appears to be a reasonable and useful method.

10.0 Schedule for Completion

Assuming full funding is receivedgaipment purchases will proceedlatte 2006 andpring

2007. Coast Guard dmting safetyand first aidCPRcourses wilbe completed either in spring or
early summer, 2007. The YSI sondes will be deployed at the first reasonable opportunity when
the river begins to approach base flow, probably sometime in late July or early August. Synoptic
sampling will occuras two segrate eventsn August and Septemb2607, preferably about 20

30 days apartWater quality and othetatashould be ready for use by November 2007, at which
point the model calibration and validation can begin. The model and its associated repdrt shoul
be completed by Ma2008.
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11.0 Project Budget

Table 11.1. Projected Budget for Purchases Eequired to Complete Project.

Ttem* # Vendor Catalog # Unit Price Total Probable § Source
Infrasiructure Purchases
16 mod-V Jon boat w/ outlocks, trailer, clean 2-stroke Evinmade 90 hp Duthoard jet. 1 Local $13,206.00 $13,906.00 | Monitoring Section
Large Bea Anchor 1 Local $100.00 $100.00 Monitoring Section
Grarelick Boat Hook 3.5-8 fi 1 Cahelas IG-016885 $2499 $24.99 Monitaring Section
Wariable 24" bioom, 200 Ih cap. Winch/Depth Meter 43 Ihs) 1 WILDCO 85-E20 $1,449.00 $1,449.00 Monitoring Section
WeatherHawk Weather Station 1 Ben Meadows = 6JF-111372 $1,595.00 $1,585.00 Data Management Section
Honda 1500 Watt 240/120/12 V gasoline generator 1 Local QT-322130 $650.00 $650.00 Monitoting Section
Lah ovento 200° C 1 Fisher 13-254-29 $204.29 $204.29 Monitoting Section
113 DH-95 (29 1b) "Clean" Depth Integrating Sarrq:ulerI 1 Rickly Hydro 401-055 $2,100.00 $2,100.00 Monitoting Section
+This is the "clean” model, also suitahle for metals and pestacides sampling. The bronze DH-59 model (5725 00) may be adequete for mtrients Total:  $20,71928
Project Specific Furchases ipment
30D Chamber 2 AR Custom $230.00 $1,900.00 Monitoring Section
20D chamber 12 v power supply & submerisible pump 2 Watious Custom $645.00 $1,290.00 Monitoring Section
Sonde Deployment Apperatus 8 A RL Custom $335.00 $2,680.00 Monitoring Section
18" Stainless Steel Cable| 1200 | Rickly Hydro 106-073 $0.30 $360.00 Monitoting Section
Heavy Duty cable cutter 1 Rickly Hydro 106-186 $07.00 $07.00 Monitaring Section
Nulti- cavity Swage Tool 1 Rickly Hydro 106-185 $145.00 $145.00 Monitoting Section
Stitrer Plate 1 Fisher 14-493-1208 $160.14 $160.14 Monitoring Bection
Teflon Stitrer bar assortment 1 Fisher 14-511-59 $63.32 $63.32 Monitoring Section
30 ml buaret for Winkler titration 1 Fisher 03-763 $135.30 $135.30 Monitoting Section
100 ml wolumettic pipette 2 Fisher 13-650-20 $23.98 $47 96 Monitoring Section
Rubher safety pipet filler bulb 1 Fisher 13-681-51 $22.81 $22 21 Monitoring Section
4 X6 ring stand 1 Fisher 146704 $31.15 $31.15 Monitoring Section
Butet clamp 1 Fisher 03-779 $36.79 $36.79 Monitoring Section
Clamp for VI sonde (3.5 " grip) 1 Fisher " 057698 $27 62 $27 62 Monitoting Section
250 ml Erlenmeyet flasks (rase of &) 1 Fisher 10-041-4B $06.75 $06.75 Monitoring Section
Wheaton 300 ml BOD bottle (case of 24) 1 Fisher 02-926-27 $217.11 $217.11 Monitoting Section
Wheaton 300 ml Dark BOD bottle (case of 200 1 Fisher (02-526-89 $288.12 $288.12 Monitoring Bection
Wheaton Dark BOD bottle caps (case of 507 1 Fisher 02-926-7 $31.94 $31.94 Monitoring Section
Wheaton 12-place BOD hottle holder rack 2 Fisher 02-663-103 $30.08 $61.96 Monitoting Section
S-place FisherBrand PVC Wacuum manifold wi 1/4 in barb 1 Fisher 059-753-39:4 $505.43 $505.43 Monitoting Section
47 mm Walge vacuum filter holder 3 Fisher 09747 $117.79 $353.37 Monitoring Section
120 v high-capacity vacuum pump w/ guages & regulators, 1/4in 1 Cole-Parmer C-07061-40 $369.00 $369.00 Monitoring Bection
5.25 gallon Nalgene carboy with built in pour spout 2 Fisher 02-933-15C $71.11 $143.42 Monitoring Bection
Gasoline for boat, generator 60 $3.00 $180.00 Monitoting Section
Ilisc 1 $1,000.00 $1,000.00 Monitoring Section
Chemical Supplies
Alkaline [odide Azide Reagent (500 ml) 1 Fisher LC10670-1 $31.13 $31.13 Monitoring Section
Manganese Sulfate Soluticon (500 ml) 1 Fisher SM20-500 $20.92 $20.92 Monitoring Jection
Concentrated Sulfuric Acid (25 L) 1 Fisher A434212 $68.75 $62.75 Monitoting Section
Starch indicator, 1%, with salicylic acid preservative 1 State Lab Monitoring Section
0.01 N Sodium thiosulfate solution (1 1) 1 Fisher LC25000-2 $17.63 $17 63 Monitaring Section
1 L Rhodatmine WT 20% dye solution (soldin 1 gallon jugs) 1 Fisher HCo250029 $305.00 $305.00 Data Management Section
Total: $16.786.62
Laboratory Analytical Costs (includes reps and blanks)!
Fater mutrients, Chi g, sesfon: 14 sifes X2 (Aug Sep) X 5% replicafion, + 14 blanks
TH | 44 FLE3 $13.37 $588.28 Standards Section
TP 44 FLE3 $13.37 $588 28 Standards Section
DON - 44 FLE3 $14.37 $632.28 Standards Section
MO2/3 44 FLE3 $12.11 $532.24 Standards Section
Ammonia 44 FLEZ $12.44 $547 36 Standards Section
DOP 44 FLE3 $14.37 $632.28 Standards Section
SEP 44 FLE3 $12.00 $528.00 Standards Section
TIC| 44 FLE3 $14.68 $645.92 Standards Section
T334 State Lab $9.20 $404.20 Standards Section
Tuthidity 44 State Lab $6.90 $303 60 Standards Section
Benthic Chla 154 State Lah $25.00 $3,250.00 Standards Jection
Phytoplankton Chla 44 FLES $15.41 $678.04 Standards Section
Phyto AFDW |~ 44 FLE3 $6.00 $264.00 Standards Section
Sestontotal | 44 FLES $6.00 $264.00 Standards Section
Sestontotal N 44 FLEZ $6.00 $264.00 Standards Section
Jestontotal P 44 FLE3 $6.00 $264.00 Standards Section
minotda (Chmbrs): 3 chuvbrs/site 32 (start, finish) X7 sites X2 (Aug Sep), +Thlanks . 91 FLEZ $12.44 $1,132.04 Standards Section
DIC (Chumbrs): 3 chimbra/site 3 2 (stat, finish) X 7 sites X2 (Aug, Jep), +7 blanks 91 FLEZ $14.68 $1,335.88 Standards Section

Total: BI3455.68
Grand Total: $44.961.56¢
! FLBS prices are as-quoted. Thers may be a 1 41 nultiplier added ta each cost if the TTM averhead casts apply to each analysis.
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DATA COLLECTED ON TH E YELLOWSTONE RIVER , AUG. 2006
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Distance Temperature | DO [ale]
Site Mame, Elevation (f) From Shore | Site Depth [{8] (mogdl) | (% SAT) Saturation Motes
Far West FAS (frm L bank) 1m <50 cm 25 72 96 [DO SAT =7.5 mgil] Bottom
(2480 ft) Im 75 cm 239 a9 116 |[DO SAT =7.7 mgil] Bottorn
8/14/2008; 6:35 Ph G rm 75 cm 239 93 121 |[DO SAT =7.7 mgil] Bottom
9m 1m 239 93 121 |[DO SAT =7.7 mgd] Bottom
12m 1.1m 24 9.5 123 [DO SAT =7.7 mgi] Bottom
Kinsey Bridge FAS (frm L bank) 2m 35 cm 26.4 g.2 109 |[DO SAT=7.5 mgil]
(2326 ft) 10 m 45 crm 245 g.4 111 [DO SAT=7.6 moil ] Bottom
8/15/2006; 12:10 PM 10m 0cm 245 g5 112 [DO SAT = 7.6 mgil] Surface
20m 55 cm 24.2 8.4 109 |[DO SAT =7.7 mgi] Bottom
20 m 0cm 242 8.4 109 |[DO SAT =77 mgil] Surface
30 m 55 cm 242 79 103 [DO SAT = 7.7 mgil] Bottomn
30 m 0cm 24.2 g.4 108 [DO SAT=7.7 mgil] Surface
40 m 38 cm 242 8.3 108 |[DO SAT =7.7 mgd] Bottom
40 m 0 cm 24.2 g.4 109 |[DO SAT =7.7 mgi] Surface
70 m 45 cm 242 8.5 110 [DO SAT = 7.7 mgil] Bottom
70 m Ocm 24.1 85 110 [DO SAT =7.7 mgil] Surface
7Tm a0 crm 24 g.0 104 |[DO SAT=7.7 mgil] Bottom
77 m 0cm 24 8.4 109 [DO SAT =7.7 mgd] Surface
Bonfield FAS (frm L bank) BEm 40 cm 262 8.4 112 [DO SAT =7.5 mgil] Bottom
(2262 ft) G m Ocm 25.2 8.1 108  [DO SAT = 7.5 mgil] Surface
8/15/2006; 2:30 PM 30 m 35 cm 245 g2 108 |[DO SAT =7.6 mgd] Bottom
30 m 0 cm 245 g.0 105 |[[DO SAT = 7.6 mgd] Surface
B0 m 70 cm 242 g.4 109 [DO SAT =7.7 mgil] Bottom
B0 m 0cm 242 85 110 [DO SAT=7.7 mgil] Surface
80 m 80 cm 24.1 8.5 110 |[DO SAT = 7.7 mgil] Bottom
80 m 0 cm 241 8.5 110 |[DO SAT = 7.7 mgi] Surface
95 m 1.0m 24.1 83 108  [DO SAT =7.7 mgil] Bottom
95 m 0cm 242 g5 110 [DO SAT = 7.7 mgil] Surface
Bonfield FAS (frm R bank, in boat) 25 m 05m 247 85 112 |[DO SAT =7.6 mgil] Surface
25 m 1.0m 247 8.5 112 |[DO SAT = 7.6 mgil] Middle
251 1.5m 2475 8.5 112 |[DO SAT = 7.6 mgi] Bottom
Roche Jaune FAS (frm R bank) 15 m 25 cm 22 74 93 [DO SAT =8.0 mgil] Bottom
(~2300 ft) 27'm 29 cm 221 45 56 [DO SAT=8.0 mgiL] Bottomn, in Cladophora beds
8A17/2008; 12:05 P 'm Ocm 221 77 96 [DO SAT = 8.0 mgil] Above Cladophora beds
ITm 32 cm 222 46 58 [DO SAT=8.0 mg/L] | Bottom, in Cladophora beds
37 m 0cm 222 7.3 N [DO SAT =8.0 mg/L] Above Cladophora beds
a0 m 34 cm 222 6.4 80 [DO SAT=8.0 mgil] Bottorn, in Cladophora beds
50 m Ocm 221 75 94 [DO SAT = 8.0 mgil] Above Cladophora beds
80 m 39 cm 222 T4 93 [DO SAT=8.0mgi] = Bottom algal mats thin here
80 m 0 cm 222 7hb 95 |[DO SAT = 8.0 mgil] Surface
100 58 cm 221 73 91 [DO SAT = 8.0 L] Bottorm
100 m 0 cm 222 7B 95 [DO SAT=8.0 magil] Surface
110 m 75 cm 222 76 95 |[DO SAT = 8.0 mgil] Bottom
110 m 0cm 22.2 7B 95 [DO SAT = 8.0 mgil] Surface
Fallon Bridge FAS (from L bank) 10 m 39 cm 215 76 95 [DO SAT =8.0 mgdL] Bottom
2204 10m Ocm 215 7.4 93 [DO SAT=8.0 mgil] Surface
8/17,/2006 25 m B3 cm 216 73 91 [DD SAT = 8.0 mgil] Bottom
25 m 0cm 7 74 93 |[DO SAT = 8.0 mgil] Surface
35 m 80 crm 217 72 90 [DO SAT=8.0 magil] Bottormn
3Em 0cm 217 7.4 93 [DO SAT=8.0 mogil] Surface
a0 m 4l cm 217 72 90 [DO SAT=0.0 mgil] Bottom
50 m 0cm 217 76 95 |[DO SAT = 8.0 mgil] Surface
B0 m 1.0m 27 75 94  [DO SAT = 8.0 mgil] Bottormn
B0 0m 21.7 77 95 [DO SAT = 8.0 rgil] Surface
Intake FAS (from R bank, in boat) 85 m A0 cm 201 8.0 94 [DO SAT = 8.5 mgil] Just off the bottom
2072 1t 128 m Ocm 201 8.1 101 [DO SAT=8.5mg/l] Midchannel, 90 cm max depth
5/18/2008; wetted width = 234 m 128 m 80 crm 20.1 5.1 101 [DO SAT=8.5 mg/l]  Midchannel; 90 crm max depth
Distance Temperature | [0 Do
Site Marme, Elevation (ft) From Shore | Site Depth °C) (mg/L) | (% SAT) Saturation Motes
Elk Island WMA (frm L bank) 20 m 45 crm 208 7.3 83 [DO SAT = 8.3 mgil] Bottom
1939 ft 20m 0cm 207 7.8 94 [DO SAT=8.3 magil] Surface
8/18/2008; 1:50 prn. 30 m 70 cm 20.6 77 93 |[DO SAT=8.3 mgil] Bottom
30 m 0 cm 206 7B 92 [DO SAT =0.3 mgil] Surface
40 m 80 cm 206 77 93 [DO SAT=8.3 mgil] Bottorn
40 m Ocm 206 77 93 [DO SAT=8.3 o] Surface
a0 m 95 cm 206 77 93 |[DO SAT=8.3 mgil] Bottom
a0 m 0 cm 20.6 7.8 94 |[DO SAT = 8.3 mgil] Surface
B0 m 1.05 m 206 79 95 [DO SAT=8.3 magil] Bottom
60 m 0m 207 79 95  [DO SAT=18.3 mogil] Surface
Seven Sisters WMA (from L bank) 10 m 1.0m 205 8.0 96 [DO SAT =8.3 mg/L) Bottom
~1900 10m 0rm 20.4 g.0 9% |[DO SAT=8.3 mgil] Surface
8/18/2006
Richland Park (frm L bank) 1.0m 1.5m 21.2 7.3 iz} [DO SAT =8.3 mg/L) Bottom
1900 1.0m Om 21.2 78 94 |[DO SAT =8.3 mgi] Surface

018/2006; 6:00 pm
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Distance From  Site Depth | Velocity

Site MName, Elevation (ft) Shore (ft) (m sec’) MNotes
Far West FAS (frm L bank) ~Tm 1.8 015 Approx. dist. From shaore
(2480 ) ~3m 235 0.23 Mear bottom
3/1472008; 6:35 Ph ~E 255 0.3 Mear hottom
~8m 275 0.1 Mear hottom
~12m 3 0.2z Mear bottorm
~15m 3.01 0.33 Mear bottam
~17 m 325 0.31 Mear bottom
~17m 325 0.24 Mear bottom
Kinsey Bridge FAS (frm L bank) 10 m 1.1 0.1 Mear bottorm
(2326 ft) 15m 14 018 Mear bottom
8/1572006; 12:10 FM 20m 1.7 0.18 Mear hottom
25m 1.7 0.21 MNear bottam
30 m 151 0.23 Mear hottom
3m 1.45 014 Mear hottom
A0 rn 135 0.11 Mear bottorm
45 m 108 0.15 Mear bottam
S0m 0.s 0.26 Mear bottom
25 m 1.7 0.2z MNear bottam
B0 m 22 0.06 Mear hottom
B5m 235 0.06 Mear hottom
70 13 0.1z Mear bottorm
7am 145 0.21 Mear bottam
80m 25 0.28 Mear bottom
g5 m 2.45 0.29 MNear bottam
Bonfield FAS (frm L bank) 15m 1 0.08 Mear bottorm
(2262 ft) 30 m 1 0.o07 Mear bottom
8/1572006; 2:30 PM 45 m 135 0.11 Mear hottom
B0 m 185 0.19 MNear bottam
T0m 19 015 Mear hottom
80 m 23 019 Mear hottom
90 26 0.11 Mear bottom
100 m 26 0.18 Mear bottam
110m 235 0.38 Mear bottom
115 m 3 0.13 MNear bottam
Roche Jaune FAS (frm R bank) 15m 0.4 013 Mear bottorm
(~2300 f) Z5m 035 0.08 Mear bottom
81772006, 1205 PM 35 m 0.35 0 In Cladophora bed
35 m 1] 0.or Above Cladophora bed
45 0.6 0.001 In Gladophars bed
45 m 1] 0.o7 Above Cladophora bed
55 m 0.45 0.02 In Cladophora bed
55 m o 015 Above Cladophora bed
BSm 0.45 0.07 MNear bottom
7am 0.45 017 MNear bottam
35 m 05 0.24 Mear hottom
95 m 0.6 0.34 Mear hottom
106 m 105 0.24 Mear bottom
116 m 19 0.36 Mear bottam
125 m 2.45 0.34 Mear bottom
Distance Fram |~ Site Depth | Velocity
Site Mame, Elevation {ft) Share () (msec”) Motes
Fallon Bridge FAS (from L bank) 15m 1.1 0.1 Mear bottom
2204 ft 20 1.4 0.14 Mear bottom
8417 /2006 25m 14 0.14 Mear bottam
30m 185 0.15 Mear bottom
35m 225 0.1 MNear bottam
40 m 22 0.03 Mear hottom
45 m 2 0.11 Mear hottom
a0 1.7 012 Mear bottom
25 m 155 0.14 Mear bottam
B0 m 108 0.09 Mear bottom
BS m 1 0.09 MNear bottam
T0m 19 019 Mear hottom
7am 3.2 018 Mear hottom
Intake FAS (from R bank. in boat) 85 1] 0.54 Surface
2072 ft g5 m 2 0.26 Mear hottam
8/1872006; wetted width = 234 m 128m 1] 0.36 Surface
128 m 26 0.19 Mear hottorm
Elk Island WMA (frm L bank) 10 m 1] 0.14 Surface
{ESER 10m 0.85 0.35 Battorn
8/18/2006; 1:50 pm 20 m i} 0.18 Surface
20m 16 0.16 Bottam
30m o 0.2z Surface
30 m 208 0.14 Battorn
40 m 0 0z Surface
A0 rn 255 0.11 Bottarn
a0 m 1] 0.24 Surface
a0 m 26 012 Bottam
25 m o 0.2z Surface
25 m 249 0.14 Battorn
B0 m 1} 0.22 Surface
B0 315 017 Bottarn
B5 1] 0.24 Surface
BS m 3.15 0.15 Bottam
Seven Sisters WMA (from L bank) 10m 1] 017 Surface
~1900 ft 10 m 225 0.06 Battorm
8/18/2006 15m 1} 0.25 Surface
18 m 3.85 0.08 Bottormn
Richland Park (frm L bank) 0.6 m 1] 0.93 Surface
1900 f 0.6 m 3 0.18 Battorm

/16/2006; 6:00 pm
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Purpose of this Addendum

During the sampling phase of the Yellowstone River prgjity 30 -September 232007,
severaimodifications to the origindDAPP werenecessary due tealities encountered in the
field. This addendum documents these changes. Each saatidrerbelow refers tahe
correspondingection in te original QAPP. It is recomnernded that the reader review the
original QAPP prior to reading this documerExplanations as to why the change was needed
are provided with each.

Section3.1 Primary Question, Objectives and River Reach Description

Modifications to the sé locations, and rationaé&or the changg are shown in Tabla.1. A

further explanation is necessary for the Kinsey Bridge FAS modificéliable3.1). It was

intended that the new site (Yellowstone River @ river mile 375) wouiapletelyreplace tie

Kinsey Bridge FAS siteHowever, dropping water levels during the August sampling event
created river hazards for the boat, and therefore the YSI was moved downstream to the Kinsey
Bridge FAS(which could be accessed by roatihus the dataset for théellowstone Rivezone
downstream of the Tongue Riv&rMiles City WWTP is in two parts; data collected at river

mile 375 (throughAugust 22°), and data collected at the Kinsey Bridge FAS (Augu&t22
September 19.

Table 3.1 Addendum. Modification of site locatic
Originally Proposed Si Modification Explanatiol

The original intent of the Kinsey Bridge site wa
Yellowstone River ¢  detect potential influences from the Tongue River
Yellowstone River @ Kinse  river mile 375, 5.5 mile Miles City WWTP. The modified site (river m
Bridge FAS upstream of Kinse 375) was deemed better because it was closer tc
Bridge river influences (new site was 4 miles downstrea
WWTP, Kinsey Bridge was 9.5 miles downstre¢

Dirt road access to site upstream of Powder Rive
potential (during rain) to render the site impass
for boat & trailer. Boat was required to get upstr
of Shirle Main Canal confluence. Y8&buld b¢

Yellowstone River upstree Yellowstone Rier jus
of Powder River & Shirle  upstream of Powder Riv

Main Canal confluenci confluenc retrieved from modified site without the boa
required
Reaching the Yellowstone River 11 miles upstrea
. . . | i i ith | i
Yellowstone River 11 mile Yellowstonr River ¢ Glendive reqwreq either boat traeom Glendive o
. . a local launch site. No local launch was found,
upstream of Glendi\ Fallon Bridge FA!

boat travel from Glendive was deemed too hazai
due to rocks and the river's shallown




Section 3.3 Sediment Oxygen Demand Measurements Using Benthic Chambers

Modifications to SODMeasurement Measurement of SOD in a river system proved to be very
different than what | have experienced in lentic systems. The YSI 6600 disadedoxygen
(DO) data from the firsset ofduplicatel SODincubationgreviewed in the fieldjevealed that
DO, instead of decreasing over tirf@sexpected)increasednstead As DO increased
throughout the day in the river, so too did DO in the chaml#gesause the chamlsdrave a

skirt that penetrated into the river bottom 10 tipelievethe DO increaswas due t@
proportion of river water moving through the coarse gravels of thebediselow the chamber 6
skirt which then mixedto some unknown dgee) with the water in the chambem help
control for this subsequen8OD measwements were carried out with one YSI 6600 soimciae
benthic chamber (experiment) atié otherYSI 6600 sonde attached to the outside of the
chamber irtheflowing riverwater (control). This arraagement precludeduplicate chamber
incubatiors beausewe only had the two YSI sondewailable

Other Sediment Fluxd$ot Measured Due to time constraints and the influence of dilution from
throughgravel flowsinto the benthic chambersve deemed it impractical to meassegliment
fluxes of DIC, SRP and ammonia.

Section4.1 Quality Criteria for Benthic Chamber SOD

Because of the issues descriladdve we only carried out duplicate SOD chambers once. This
singleduplicatedevent will have to suffice for comparison with th@riori quality criteria
proposedor SOD measuremen(€V of + 20% among duplicates).

Section4.2 Quality Criteria forYSI 6600 EDS Sondes Deployed Lofgrm

Biofouling from Drifting Algae.The QAPP addressed means by which biofouling would be
managed (periad cleaning, use of YSI sondes with automatic wiper functanthe probes
However, thaype of biofouling anticipated was growth and colonization on the depfoyer
sondesand t resuted that this type of growth was fairly light in the Yellowstone River and the
wiper mechanisms wedearlycapable okeepng the probdaces clean. The major potential
biofouling interference came from drifting filamentous algae. Although the deplosgses
designed tdwydro-dynamicallyshunt drifting algae around the sondes, in some chigtsg

algae waso heavythat a build up of snared algae filamebégian to smother the prebed of
theYSI sondes Notes and photographs were taken during gethas to the overall status of
thedeployer/sonde urst(e.g.,fisnared drifting algae light, no problems anticipajed fiheavy
algae accumulation, readings may be interfereddyviifhese notes will be used to help assess
data quality(see below)

YSI data were crossheckedn Septembeusing a second, calibrated YSI placed near the
deployed YSht thetime it was to take a reading (every quarter hour). Tbesschecks were
madeprior to the time the deployed YSI was cleaned. These dataenilséd to help identify
cases where snared drifting algaether problemsvere causingnstrumentinterference.
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A posterioriProtocok for Screemg YSISondeData. Criteria were developeith Section 4.2f

the QAPPto addresanticipated factorthatcoulda f f ect t h eatayg&ality sondeds
(instrument drift, biofouling).However, we did not outline@ocess for segregating data we

have high confidence in from data that may be comprontigduofouling or other problems.
Thereforeana posterioriprocess isiere definedand will be applied teachY S| sondedataset

so thathigh qualitydata is retained and used in model development.

A. Data logged while a deployed instrument was out of the water for cleaning will be
fl agged 0RO paMbdetn&&TORE)} ect e d

B. When data drift is outside of the criteria established in the Qa&RtRria were
established for DO, turbidity, and Céjl, we will flag the data back to the previous
known point of calibration with ABDO (Beyo

C. Datafrom a deployed YSI sondeill be comparedo datafrom the crosscheckY Sl
sonde. In cases where the cresBeck sonde data differ substantially from the
deployedsonde datathedeployeddata will be flaggedvith the lettes ADX 0 (Differs
from CrossCheck) Allowable variationbetween therosscheckand deployed
instrumens are as follows:

a. Dissolved Oxygen: 6.mg/L (instrument accuracy 0.2 mg/L, X 2 instruments,
plus 0.1 mg DOJL for spatial variation

b. pH: 05 standard unitsiistrument accuracy 0.2, X 2instrumentsplus 0.1 unit
for spatial variatioh)

c. Temperature: @°C (instrument accuracy0.15C, X 2instrumentsplus 0.2C
for spatial variatioh)

D. When field notes indicate that a YSI sonde may have been overwhelmed by snared
drifting dgae, we will:

a. Review the dataset immediately before and after the cleaning of thaNimére
there is a sharp shift in measured values follovéintaning, the dataset
following the cleaning will be considered theeferableonefor modeling
purposes

i. When sharp change in data values occurs after a cleawémg an
attempt will be made to determine when the interference began. The
dataset will be reviewed from the last point of know status (i.e., initial
deployment or previous cleaning) up to theacling event where the sharp
change was noted. Data review will focus on data types that manifest diel
patterns (pH, DO). These will be reviewed for (1) sudden, unexplainable

1YSI crosschecks were taken prior to identifying the exact location of the deployed YSI, in order to prevent any
disturbance to the deployed un#s such, the crossheck unit was usually only within8 meters of the location of
the deployed unit due tomited water clarity. This spatial difference is another source of difference between
deployed vs. crossheck measurements. Therefore, adsounted for (as best possible) with this additional
allowable variation factor.

1C
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change in the magnitude of the daily patterns inconsistent with the pattern
immediately proceeding the change, and (2) large, unexplainable scatter of
individual data points inconsistent with the overall diel patterns. Data that
meet the conditions in (1) and (2) that have no reasonable explanation
(e.g., there was a correspondimgke in turbidity that dampened diel DO
variation) wil/l be flagged with Al
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Using a Computer Watépuality Model to Derive Numeric Nutrient Criteria for a Segment of the
Yellowstone River

1.0 Introduction and Background Information

The intent of this sampling and analysis plan (SAP) is to support the project detailed in the
guality assurance project plan (QAPP) of the same name. Please refer to S@ction 2
Al ntroductiono of the QAPP for details on the

2.0 Objectives and Design of the Investigation

2.1 Primary Questionand Objectives

Theprojectoutlined in this SAP is designed to answer the following question:

In a segment of the lower Yellowstone Rivératrare the highesllowableconcentrations
of nitrogen and phosphorus which will reatusebenthic algae to reach nuisance levels
and/or dissolved oxygen concentrationsaib below applicableState water gality
standards?

Samplingdescribed herein is intendea support the QAPRandis intendedoe completed in
2007. The only exception to this is the dgacer study, whickvill probablybe undertaken in
summer 2008If the dyetracer study is compledan 2008, the results from it will be used to
further refine the model, which should be developed by that time.

2.2 Overviewof What Will be Measured, Where,and How Often

Table 2.1 provides the description, frequency and location of measurements ftarswenmer

2007. The plan was developed following recommendations outlined in an EPA manual (Mills et
al., 1986) E P A 6 providea guidante on designing monitoring plans intended to work in
conjunction with the QUAL2E modekig. 2.1 shows the tgeted reach of the Yellowstone

River, and the types of measurements that will be made at various locations throtigisout.
information is alsoprovided Appendix C, listed as activities per site, which should besed

during field work to track what has be@& completed
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Using a Comuter WateiQuality Model to Derive Numeric Nutrient Criteria for a Segment of the

Yellowstone River

Table 2.1 Frequency, Location and Description of Measurements for the Project, Summer 2007.

Measurement (& QUALZE symbol, if applicable) Units How Often Measured Where Measured
Benthic Chamber Measuremenis
E _ . Far West FAS, w's of Tongue . (Ft. Keogh Bridge). Pirogue Island State Park, Bonfield
Sediment O Dermand (SOD *dayl|  Twice (Aug-Sept
sdiment Osygen Demand ( Mg Q2 m” day wics (Aug-Sept) FAS. Terry Bridge, upstream of O'Fallon Creek confluence, 11 miles wis of Glendive
E Far West FAS, w's of Tongue E. (Ft. Eecgh Bridge), Pirogue Island State Park, Bonfield
Water O3 Demand to Correct SODs (WOD Thel|  Twice (dug-Sept
ater iz Lemand to \orred 5 (WOD) g Op ™ b wice (Aug-Sept) FAS, Terry Bridge, upstream of OFallon Creek confluence, 11 miles ws of Glendive
. R ~ . Far West FAS, w's of Tongue E. (Ft. Keogh Bridge), Pirogue Island State Park, Bonfield
A 2 1 ~
onia iz (Ty) g M m” day Tuwice (fug-Sept) FAS, Terry Bridge, upstream of O'Fallon Creek confluence, 11 miles w's of Glendive
E _ . Far West FAS, w's of Tongue . (Ft. Keogh Bridge). Pirogue Island State Park, Bonfield
Methane oz (Jons) Collection and anal tianal Pdayt|  Twice (Aug-Segt
sthans fhuc (Jowe) Cadlastion and analyms optianal |g Oy m” day wice (Aug-Sept) FAS, Terry Bridge, upstream of O'Fallon Creek confluence, 11 miles w's of Glendive
R R Far West FAS, w's of Tongue E. (Ft. Eeogh Bridge), Pirogue Island State Park, Bonfisld
DIC fhux (T¢) — for RO caleulati Zdayl | Twice (Aug-Sept
iz () or RQ caleulation g C 2™ day wice (Aug-Sept) FAS, Terry Bridge, upstream of O'Fallon Creek confluence, 11 miles w's of Glendive
Other Rate Measuremenis
. . . Far West FAS, ufs of Tongue R. (Ft. Keogh Bridge), Pirogue Island State Park, Bonfield
et T Aug-Sept
Photosynthesis of phiytoplaniton, via light/dark bottles (keprry)| mg C ™ b wice (Aug-Sept) FAS, Terry Bridge, upstream of O'Fallon Creek confluence, 11 miles w's of Glendive
Fhotosynthesis of bottom-attached Cladophora | mg C b Twice [Aug-Sept) Foche Jaune FAS.
Benthic Measurements
= . Far West FAS, ws of Tongue E. (Ft. Eecgh Bridge), Pirogue Island State Park, Bonfield
Eenthi Chla, and AFDTW 2 Tuwice (4ug-Sept
enthic algas & mgm wics (Aug-Sept) FAS. Terry Bridge, upstream of O'Fallon Creek confluence, 11 miles wis of Glendive
. Far West FAS, us of Tongue E. (Ft. Keogh Bridge), Pirogue Island State Parle, Bonfield
% % T Aug-Sept
¥ bottom covered by heavy benthic algae at each transect i wice (Aug-Sept) FAS, Terry Bridge, upstream of O'Fallon Creek confluence, 11 miles w's of Glendive
. . Far West FAS, ufs of Tongue E. (Ft. Eeogh Bridge), Pirogue Island State Park, Bonfield
% bottem to which SOD val I % T Aug-Sept
o I DO Ko Wie vanes appy ¢ wice (Aug-Sept) FAS, Terry Bridge, upstream of O'Fallon Creek confluence, 11 miles w's of Glendive
Real Time Water Quality Measurements (YSI 6600£D.5)
EFosebud (West Unit) FAS, w's of Carterville Canal return, ws of Tongue R, (Ft. Keogh
Dissolved Oxygen (0)|  mg Ou/L 24/7, early Augto Sept 30 |Bridge), Kinsey Bridge FAS, ws of Powder R /Shirley Main confluence, upstrearn of
O'Fallen Cr. confluence, 11 miles upstreamn of Glendive |, old Bell St. Bridge in Glendive
Fosebud (West Unit) FAS, w's of Carterville Canal return, ws of Tongue . (Ft. Keogh
pH Standard | 24/7, early Aug to Sept 30 (Bridge), Kinsey Bridge FAS, w's of Powder R /Shirley Main confluence, upstream of
O'Fallen Cr. confluence, 11 miles upstreamn of Glendive |, old Bell St. Bridge in Glendive
Eosebud (West Unit) FAS, wis of Carterville Canal return, w's of Tongue B, (Ft. Keogh
Temperature kel 2417 early Augto Sept 30 |Bridge), Kinsey Bridge FAS, ufs of Powder B /Shirley Main confluence, upstream of
O'Fallon Cr. confluence, 11 miles upstream of Glendive |, old Bell St. Bridge in Glendive
Eosebud (West Unit) FAS, uis of Carterville Canal return, ws of Tongue B, (Ft. Keogh
Specific Conductivity pfem 24/7, early Augto Sept 30 |Bndge), Kmsey Bridge FAS, ws of Powder R./Shirley Mamn confluence, upstream of
O'Fallon Cr. confluence, 11 miles upstream of Glendive |, old Bell St. Bridge in Glendive
Fosebud (West Unit) FAS, w's of Carterville Canal return, ws of Tongue R (Ft. Keogh
Chla (fuorometric, calibrated to real samples)| pg Chla /L | 24/7, early Aug to Sept 30 (Bridge), Kinsey Bridge FAS, ws of Powder B/Shirley Main confluence, upstream of
O'Fallen Cr. confluence, 11 miles upstream of Glendive |, old Bell St. Bridge in Glendive.
Fosebud (West Unit) FAS, uis of Carterville Canal return, ws of Tongue R. (Ft. Keogh
Turbidity NTT 2447, eatly Augto Sept 30 |Bridge), Kinsey Bridge FAS, ws of Powder R /Shirley Main confluence, upstrearn of

O'Fallon Cr. confluence, 11 miles upstream of Glendive |, old Bell St. Bridge in Glendive




Using a Comuter WateiQuality Model to Derive Numeric Nutrient Criteria for a Segment of the

Yellowstone River

Table 2.1, Cont. Frequency, Location and Description of Measurments for the Project, Summer 2007,

(& QUALZE symbol, & applicable)

Druts

How Often Measured

Where Measured

Water Samples

Total phosphorus (TF)

Tiwice (Aug-Sept)

Yellowstone: Buffalo Mirage FAS (Comparison ), Roscbud (West Unif) FAS, s of
Cartersvile Canal retum, ws of Tongue (Ft. Eeogh Bridge), Kinsey Bridge FAS, s of
[Powwder River/Shirley Main Canal conflusnce, upstream of O'Fallon Cr. confluence, 11
miles ws of Giendive, old Bell St Bndge in Glendive. Tribslother. Cartersville Canal
retum poiat, Tongue Biver ar mouth, Kinsey Main Canal retum point, Shirey Main Canal
return poiat, Powder Biver at mouth, Terry Main Canal return point

Total mtrogen (TH)|

Tuvice (Aug-Sept)

Yellowstone: Buffslo Mirage FAS (Comparison ). Rosebud (West Unit) FAS, s of
Catersvile Canal retum, ws of Tongue (Ft. Keogh Bridge), Kinsey Bridge FAS, ws of
[Powder River/Shirley Main Canal conflusnce, upstream of O'Fallon Cr. confluence, 11
il ws of Giendive, old Bell St Bridge in Glendive. Tribsiother Carterseille Canal
retun potat, Tongue Biver r mouth, Kmsey Main Canal return point, Stuley Mam Canal
renuen poiat, Powder River at mouth, Terry Main Canal return point

Witrate + sitrite (HOs.),

Twice (Aug-Sept)

Yellowstone: Buffalo Miage FAS (Comparison ), Rosebud (West Unit) FAS, ws of
Cartersville Canal retum, w's of Tongue (Ft. Eeogh Brdge), Kinsey Bndge FAS, ws of
Powder River/Shirley Main Canal conflusnce, upstream of O'Fallon Cr. conflusnce, 11
miles w's of Glendive, old Bell St Bndge in Glendive. Tribsfother Cartersville Canal
reuen poiat, Tongue River s mouth, Kinsey Main Canal return point, Shisley Main Canal
ireturn point, Powder River at mouth, Terry Meain Canal return pomt

Total armmornum (MH,)

Towize (AugSe)

Vellowstone: Buffalo Mirage FAS (Comparison ), Rosebud (West Unif) FAS, s of
Cartersvile Canal retum, ws of Tongue (Ft. Eeogh Bridge), Kinsey Bridge FAS, s of
[Powwder River/Shirley Main Canal confluence, upstream of O'Fallon Cr. confluence, 11
miles ws of Giendive, old Bell St Bndge in Glendive. Tribs/other. Cartersville Canal
retum poiat, Tongue Biver ar mouth, Kinsey Main Canal retum point, Shidey Main Canal
return poiat, Powder Biver at mouth, Terry Main Canal return point

Dissclved organic rtrogen (DOI)

Tuwice (Aug-Sept)

Yellowstone: Eufslo Mirage FAS (Comparison ). Rosebud (West Unit) FAS, ws of
Caterswile Canal retum, ws of Tongue (Ft. Keogh Bridge), Kinsey Bridge FAS, us of
[Powder River/Shirley Main Canal conflusnce, upstream of O'Fallon Cr. confluence, 11
il ws of Giendive, old Bell St Bridge in Glendive. Tribsiother Carterseille Canal
retun potat, Tongue Biver or mouth, Kmsey Main Canal return point, Stuley Mam Canal
retuen poiat, Powder River at mouth, Terry Main Canal return point

Dissolved organic phosphorus (DOF)

Twics (Aug-Sept)

Yellowstone: Buffalo Mirage FAS (Comparison ), Rosebud (West Unit) FAS, wfs of
Cartersvile Canal rerum, ws of Tongue (Fr. Keoph Bridge), Kinsey Bridge FAS, ws of
Powder River/Shirley Main Canal confluence, upstream of O'Fallon Cr. confluence, 11
mrales ws of Glendive, old Bell St Bndge in Glendive. Tribs/other Canerswlle Canal
ireturn point, Tengue River ar mouth, Kinsey Mamn Canal return point, Shuley Mam Canal
irenun poiat, Powder River at mouth, Terry Main Canal retum point

Soluble reactive phosphate (SEF)

Turbidity

Towize (Aug-Sept)

Yellowstone: Buffalo Mirage FAS (Comparison ), Rosebud (West Unit) FAS, s of
Cartersuile Canal retum, ws of Tongue (Ft. Keogh Bridge), Kinsey Bridge FAS, us of
[Powwder River/Shirley Main Canal conflusnce, upstream of O'Fallen Cr. confluence, 11
miles us of Giendive, old Bel St Bridge in Glendive. Tribs/other: Cartersville Canal
return poiat, Tangue Biver ar mouth, Kinsey Main Canal retum point, Shidey Main Canal
retum poiat, Powder River at mouth, Terry Main Canal retum point

Tiwice (Aug-Scpt)

Yellowstone: Buffalo Mirage FAS (Comparison ), Rosebud (West Unit) FAS, s of
Catersvilie Canal retum, ws of Tongus (Ft. Eeogh Bridge), Kinsey Bridge FAS, s of
[Powwder River/Shirley Main Canal conflusnce, upstream of O'Fallon Cr. confluence, 11
miles ws of Giendive, old Bell St Endge in Glendive. Tribs/other. Cartersvile Canal
return poiat, Tongue River r mouth, Kinsey Main Canal return point, Shidey Main Canal
retun poiat, Powder River at mouth, Terry Main Canal return point

SEC (suspended sediment concentration)|

Twice (Aug-Sept)

Yellowstone: Buffalo Mirage FAS (Comparison ). Rosebud (West Unit) FAS, ws of
Cartersvile Canal rerum, ws of Tongue (Fr. Keoph Bridge), Kinsey Bridge FAS, ws of
Powder River/Shirley Man Canal confluence, upstream of O'Fallon Cr. confluence, 11
mrales ws of Glendive, old Bell St Bndge in Glendive. Tribs/other Canerswlle Canal
ireturn point, Tongue River ar mouth, Kmsey Mamn Canal return potnt, Shirley Mam Canal
irenun point, Powder River at mouth, Terry Main Canal retum peint

Total Inorganic Carben (cr) Also referred to as Dissolved Tnorgaric
Carben (DIC)

Twice (Aug-Sept)

Yellowstone: Buffalo Mirage FAS (Comparison ), Rosebud (West Unit) FAS, s of
Cartersuile Canal retum, ws of Tongue (Ft. Keogh Bridge), Rinsey Bridge FAS, us of
[Powwder River/Shirley Main Canal conflusnce, upstream of O'Fallen Cr. confluence, 11
miles us of Giendive, old Bell St Bridge in Glendive. Tribs/other: Cartersville Canal
return poiat, Tengue Biver ar maouth, Kinsey Main Canal retum point, Shidey Main Canal
retum poiat, Powder River at mouth, Terry Main Canal retum point

Phytoplankton Chl a (a,)

ug Chla L

Twice {fug-Sept)

Yellowstone. Bulfale Mirage FAS (Comparison ), Rosebud (West Uaif) FAS, ws of
Cartersville Canal retum, ws of Tongue (Ft Eeeogh Bridge), Kinsey Bridge FAS, ufs of
[Poseder RiveriShirley Main Canal conflusnce, upstream of O'Fallen Cr. confiuence, 11
iles s of Glendive, old Bell St Bridge in Glendive. Tribsfother Carterseille Canal
returm poit, Tongue River or mouth, Kinscy Main Canal retum point, Shirley Main Canal
retuen poit, Pouder River at mouth, Terry Main Canal return point

Seston CHP ratio

dimensionless

Twice (Aug-Sept)

Yellowstone: Buffalo Mirage FAS (Compariaon ), Rosebud (West Uit) EAS, ws of
Cartersville Canal retum, w's of Tongue (Ft. Eeogh Bndge), Kinsey Bndge FAS, w's of
|Powder River/Shirley Main Canal conflusnce, upstream of O'Fallon Cr. conflusnce, 11
jerales w's of Glendive, old Bell St Bndge n Glendwe. Tribsfother Cartersville Canal
reun poiat, Tongue River a taoush, Kinsey Main Canal return point, Shirley Main Canal
ireturn point, Powder River at mouth, Terry Main Canal return pomnt

PERI-1 diatom population samples

Twwice (Aug-Sept)

Buifilo Mirage FAS, Far West FAS, w/s of Tongue (Ft Keogh Bridge), Pirogue Iiland
State Pak, Bonield FAS, Tery Brdae, upstream of O'Fallon Cr. confluznce, 11 waies
upstream of Giendive

Mereor. (wind speed, temp, humdiry)

various

Early Augto Sept 30

Ieland m Y R withan the Fort Keogh Ag Esperiment Station

Water Temperature (Collected hourly via Hobo dataloggers)

Early Aug to Sept 30

|Buffalo Mirage FAS, Far West FAS, Pirogue Island State Park, Bonfield FAS, Terry
[Bridge

River Width

Tence (Aug Sept)

Al sizes

River mean Depth

Twice (Aug Sept)

All sites, except specdied benthic sites (See Appendix C)

River velocity

Tiwice (Aug-Scpt)

| All sther benthic chamber sites.

Flow (DEQ measured)

mi S!C'l

Twice {fug-Sept)

Yellowstone River. Upstream of Carterville Canal retum, upstream of Powwder
River/Shirley Main Canal confluence, upstream of O'Fallon Creek confluence, 11 miles
s of Glendive. Tribs/other: Cartersvile Canal at withdrawal, Cartersville Canal retum
|point, Tongue River or mouth, Kinsey Main Canal withdrawal, Shiry Main Canal
withdravwal, Kinsey Main Canal retum point, Skrley Main Canal retum point, Powder
River or mouth, Terry Main Canal withdrawal, OFallon Cr. near confluence

TSGE Discharge

mi sAc"

annually - USGS

Yellowstone Raver at Fersyth, Tongue River at Mies City, Yellowstone River at Miles
City, Yellowstone River a Gleadive.
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3.0 Field Sampling Methods

3.1 Sediment Oxygen DemangdBenthic Chambers & Solute Fluxes

In SituMeasurement dODUsing Benthic ChamberSummer 2007The chambers will be
deployed in pairat ezh of thesitesindicatedin Fig 2.1, Table 2.1and Appendix Cand will use
the YSI 660&DS sondeandthe YSI 85 probe to measuwrbangesn DO and temperatureithin
the chamber

Chambers will bepressedin to the sediments artdenanchored to the litmm usinga heavy

iron chain wrappedeveral timesround thdlexible skirt, so thatagood seal betweehe river
bottom and chambeés assured The chambers will be locatexh relatively flat sedimerin
nearshore areas up to 1 metiep which carbereachedy wading from shoreBased on the
nearbottom water velocity measured at the chamber(sgimg a MarstMcBirney flow meter,

in m sed’), either the lowflow or high-flow pumps will be selected for attachment to each
chamber.After chambeemplacement, withiechamber water will be exchanged wekternal

river waterfor 2 minutes Thepumpwill be set on a lowllow setting and its inflow will be
disconnected from the chamber so that clean river water can be drawn in and flushed through the
chamber. Thechamberoutflow portwill be opened during this time to assure exchange with the
external river waterAfter purging the chamber f@&minutes the hose will be reattached and

the chambere-sealed, anthe withinrchamber water velocity Wibe adjusted (vidghe flow

control valve on the pumpo simulate the velocity measured nearrifier bottom at the site.
Periodic checks using the hahdld YSI 85 will be undertaken to monitcmambeDO decline;

the incubation will be terminated whamotable decline in DO has occurred.

Changes in the DO othe water within chambers (WOD) will be determinedn six 300 ml
BOD dark bottleq3 initial, 3 final). The 3 initial bottles will be filled with river water and fixed
(Lind 1979)at the timethe chambers are emplaced, while 3Heal bottles will befilled and
thenincubated at ambient river temperatui@sthe duration of the SOD incubation, then fixed.
All 6 will be measured for DO via the Winkler titration methadmpleting the titratin step
within 3 days of collection

TheSOD (g Q@ m? day") will be calculated, per Drolc and Koncan (1999), as:

SOD =aV i bV @
S
Wherea is the slope of théime-DO curve forachamber withcombinedsediment & wateDO-
demandg O, m* day?), b is themeanslope of thed time-DO curves for waterin the darkBOD
bottles(g O, m>day"), V is the volume of overlaying water athambeiinterfacel with the
sediment§m?®), and S is the area of sediment covered blyamber (nf).

Solute Fluxe$o be MeasuredJsing the In Situ Benthic Chamberammonia, dissolved
inorganic carbon (DIC) and methane fluxes are to be measured in the bethic chambers.
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Measurement of methane is, at this writing, optional, as the laboratories identified for the project
may not be able to carry out its measurement.

After the chambers have been emplacegurgedandthensealed, water sam@ér ammonia,
methangoptional) and DIC will be collectedrom eachchamber at a valveperated access port
using a 60 cc syringeith a luerlock tip. A secondnlet valve will be opened during sample
collection to allowan equal volume afver water to enter the chamband replae that
withdrawnduring sample extractiodfter collection, both valves will be shu 2" set of
samples will be collected at the end of the incubati@ancentration change over time for each
soluteequalsthe solutés flux.

DIC sampleswill be caefully filtered using 0.45 um filters and overflowedto their sample
bottle,without bubblesuntil about two samplbottle volumes have been purgaddthenstored
without headspada the bottleon regular ice Ammonia sampleswill be 0.45 pnfiltered, filled
to minimize botte head spacend then frozen on dry ice.

3.2 Other Rate Measurments

Phytoplankton Growth RateQUALZ2K allows the user tonput maximum photosynthesis rates
at a given temperatufggp[T]; Chapra and Pelletie2003. Phyoplankton growth rates will be
measured usindné lightdark bottle techniqué.ind, 1979;EPA, 1983;Wetzel and Likens
1991).

Depth/width integrated water sampleqsee Section 3.5 onollection ofa depth/width
integrated water sample will be usedto fill triplicatedarkbottlesand light bottlesBoth light
and dark bottles will be incubat@usitu, under ambient light conditiorsg orneart he wat er 6s
surface using the BOD bottle rackas close to midday as possiblEais will provide m&imum
fieldmeasured photosynthesis rate (ER®83). Incubations willnormallybe completed within
2-4 hours, at which time the incubatiwiil be terminated by chemical fixaticendsubsequent
DO measuredia the Winklertitration method (Wetzel and Likens, 1B9APHA, 1999. If the
titration step of the procedure cannot be completed immediatelyplace theflocculated &
acidified (fixed) samples on ice in the dark for up to a maximum of 8ays SEE
INSTRUCTIONS ON PAGES2-77 OF Lind (1979)Samples held in teimanner will be
warmed to room temperature in the dark prior to completion afatdim thiosulfatéitration
step.

Cladophora Influence on DOWhere dens€ladophoraspp beds are present, for example the
Roche Jaune FARO uptakeof Cladophorasampes will be measured in duplica8®0ml dark
bottlesusing a YSI model 85 meterhe intent of this measurement is to determine the
proportion of DO consumptioinom the algaeelative to the water and sedimenislocations
where this alga isbviouslya significantighttimeDO sink. DO demand values derived from
these measuremerdan be used to help cresseck outputs frorQUAL2K. Thecalculatedate
will be adjusted for the DO change associated with the phytoplankton as measured in the
light/dark lottles above.
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Blobs of Cladophoraalgaeof known mass(squeezedvet weight)will be placed induplicate
darkbottles and thehange irDO over timewill be measuredising a calibrated YSI model 85
meter.The volume occupied by the algae will not exceeoua 50% of the bottleThe meter
probe will be sealed at the bottle mouth with no air bublhesibations will last 422 hrs or until

a 1 mg/L or greater DO drop has been measLféeé. bottles will be inverted several times prior
to taking each DO meareement. Also,le area ofiver bottom covered by the algagédswill be
estimatedor a 50 m reachy eye andthemass ofCladophora(squeezeavet weight)m? in the
bedswill be measuredh 3 locations at the sitgsing the hoop method

3.3 Other Benthic Measurements

BenthicAlgal Chl g AFDW and Macrophyte V. Field sampling methods will generally

follow, with some exceptions and additions, the DEQ protocols outlined in the draft DEQ
Standard Operation ProcedurandLla®@tbry Anansisnal a | |,
Chlorophylta 6 , a v ahitd://enanl.deq.state.mt.us/wginfo/monitoring/SOP/sop.asp
Results of théventhicalgaesampling will be expressed eslorophyll a (Chl a) andAFDW, and

the macrophyte biomass ds/ weight, in area units (mg™).

The longitudinal reach layout described in BteQ SOPcited abovevould create unduly long
sampling reaobson the Yellowstone River. Instead, we will colledtihdividual sampleat
equidistant pointacross transecfgerpendicular teiver flow, at specifiedsites indicated in

Table2.1 and Appendix C The hoop, sediment core and template methods will be collected, as
appropriate, at equidistant points al@aghtransect.

Algae and macrophytes in hoop sampgwill be physically separated in the field, and each
plant type8Chl a and massvill be measured separatalythe laboratory Some transect points
will be beyond the reach of a wading person, astead a boawill be used to collect benthic
samples using a Ponar dreddée boat will be anchored at the sampling point and bottom
materialsbrought up bythe Ponar dredge wille subsampled using either the template or
sediment core methods appropate (the hoop method would not be workable in this situation,
andwill probably not bepplicable irhigher velocity areas of the river anywayJse Table 1 of
Appendix D1 to record all relevant informatiofor each transect point.

For diatom community samples aqualitative composite sample of representative benthic
material(PERF1) from each of the ltiansectollectionpoints will be placed in a single 50 cc
centrifuge tube, to a volume of 45 ml, and then preserved with formalin (SiBp the ap of
the tube with Parafilm wax.

Estimate of Algal Growth Cover and Proportion of Applicable Channel . STi2 % river

bottom coveedby visible algaegrowthand the % river bottom to which SOD measurements
apply will be estimatedtthe sitespecifiedin Table 2.1and Appendix C During the transect
collection of benthic algaga record will be made at eaghthe 11sampling localsindicating

the degree of algae coveratee substrate classndthe nearbottom watewelocity (Table 1,
Appendix D1). Based on the information recorded in Table 1, Appendix D1, a final estimate of
the % river bottom to which the SOD values apply will be made and recorded in Table 4,
Appendix D2.
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3.4 RealTime Water Quality Measurements(YSI 660CEDS)

Data CollectedJsing the YSI 66 DSSondes Water temperature, pH, DO, specific
conductivity,turbidity and Chla concentrations (Tabl2 1) will be monitored, for up to six
weeksacrosghe study periodysing YSI model 660BDS sondes deployed in the riverThe
sordes have built-in datalogges thatcanbe programmed to collect data at-plefined intervals,
andwill be set up tdakewater qualitymeasurementsvery 30 miror 1 hr. They have a
memory capable aftoringup to90 days of logged datalthougha YSI representative indicated
that 60 days immore prudentimeframe Y S | welssite states that the 6600 saldave a 75
day battery life at 15 min logging interval$he sondes will be calibrated in the laboratory
according to the manufactuésiinstructios (YSI, 2006) and checkedgainin the field prior to
deployment.

Turbidity will be calibrated usinghetwo-point method using, 11.2and 100NTU standard.
Conductivity will be calibratedusing a 1000 uS/cm standard. Tté will be calibrated using
the twopoint method using pH 7 and 10 standar@kl a measurements recorded by the YSI
6600EDS sonde are made using a fluorometric probe, and are relative;tthdetermine the
true river Chla values they must beegresse@gainst laboratoryneaured Chl samples,
collected separately from the river at the same locafiancheck instrument drift, théhl a
probe will be calibrateth the labagainsta 2%Rhodamine WT dye standafdS1 2006) DO
will be calibrated, just prior to deploymeirt a controlled environment (e.g., hotel room3ing
the singlepoint, watersaturated aior air-saturated watenethod (YSI, 2006).

The sondes are equipped with wipers that periodically cleasetisoisurfaceand these will be
activated upon deployemt The sondes may be painted will afttuling paint to prevent growth

of biofouling aquatic life (YSI, 2006). To minimize problems due to biofouling, the sondes will
be checked and cleanetigrowth25-30 days (study midpoingftertheinitial deploynent. If
recalibration is required, as determined from field checks against standard solutions, instrument
drift (probe reading vs. standard) will first be recorded prior tcatiration.

During the sampling runs in mid-August and mid-Septembetr measuements of DO,

temperature and specific conductivity will be taken from the bsiaig acalibratechandheld

YSI (model 85 as near to the deployed sondes as feasible,tocrbse c k t he (st ndes 6
deployment Upon sonde retrieval at temdof the project, sondeeading will be compared to
laboratory standards for pH, conductivity, etc. to determined instrument drifdriR@ill be

checkedoy using the sonde to measure DOthiasingle-point, watersaturated air method.

2The YSI placed 11 miles upstream of Glendive is an older model, and because of this it can measure all
parameters except turbidity. Also, its DO probe will begadier,polaragraphic type, which will be recalibrated
after 2530 days of the iniél deployment.

3 At least4 Chla water samples will be collected at edghgtermsonde deployment sitturing the study perioth
order to calibrate the probe measurements. Collection locations and frequencydar€bhown in Table 2.1; Chl
a samples procedures for laborateapalyzed Chh samples are detailed in Section 3.5.
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DeploymenBystenfor YSI 660&@DSSondes During thereconnaissandeip (Aug 2006), we
investigated means by whithe YSI 660(EDS sondesould be mounted for extended periods in
the river (p to2 months)with somedegree of security. The river could not be accessed fr
the bridge deckf any of the bridgewe visited, therefore the sondedl have to be attached to
the bridge support columifiom the wateror bysomeother means

The design shown in Fi§.1 was developetbr this purpose The river bottom at aBites in this
reach of the Yellowstone River is fairly hard (gravel and sand), and the weightedbtbhek
deployershould not sink in to the bottom any significant distaiite weighted blockf the
deployemwill hold the assembly on the river bottoamdthe sonde itself will be maintained in
the river flow aboutl0-15 cm above the bottomThe deviceshouldbe invisible from shore
(except perhaps during very low floywshich should improve securityThebrassiD plate
embedded on the deployer will 3 Waiter Quality Monitoring EquipmentProperty of the State
of Montana. If found, please call (406) 4@831 or (406) 44% 9 6 A'lte.deployer may be
painted with antfouling paint to minimize algal and other growth accumulation.

The sondedeployerin Fig. 3.1 will be placedin the river using a boat A 1/8inch or smaller
stainless stealable will be looped around the bridge support, or a nearby tree, and then clamped
in placewith a swage If no suitable attachment point can be locatedappox. 50 Ib block

with an eyebolt on it will be placed on the river bottopstream of the deployand the sonde
deployemwill be attached to it.Thesondedeployemwill then beplaced10-20 m downstream of

the bridge supportreeor block, using the boatThestainless stealable will allow retrieval of

the deviceas it can be snagged with a grappling hivokn the boatin cases where the devise
attached to shoreline trett®e cable will be buriedo the extehpossible upon deployment.

1C
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Plexiglasshroud to
deflect flow and algae Probe end

Eye bolt inside of accumulation of YSI
6inchPVC cap / /

YSI 6600 inside PVC pipe

10

'i' . Concrete block
cm

Direction of River Flow

—

Fig. 3.1. Profile view ofthe YSI 6600EDS sonde deployment system

3.5 Water Samples

Themajority of nutrientand othewater quéty parameters shomunder thei Wat er Sampl e s
component offable2.1 are routine, and &/QC guidelinesfound inDEQ (2005)apply.

Because of the width of the Yellowstone Riv@llecing representative water sampiesl

requiredepth and widtlintegration techiguesrather than simple sho#ne grab samples.

(Canab will be grabsampledonly.)

A composite water quality sample will be collectedoncurrent wittbenthic algasampling
(see SectioR.3) as shown in Figure 3.2 using an equalth-increment (EWI) sampling
technique At each of the 11 points alondgransect, aerticaly and horizontallyintegrated
watersample(Wilde et al. 1999ill be collected using a DH48ading)or DHI5 (boat
mounted sampler. Thd1lsampleswill be composited into a single cagpand subsamples will
be withdrawn for each of water quality parameters of int¢fedile2.1). The plastic carboy will
be gently churned (i.e. through light shaking) prior to collection of the samplastotalwater
guality measurements (e.g., toRal totalN, SSQ, phytoplankton Chh andseston, the water in
the carboy will be thoroughly shaken and the-satmple taken immediately.
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Figure 3.2. Equal Width Increment (EWI) Schematic.

Sampleswillbemser ved and stored per DEQ SOPs (det ai
at: G\WQPQA _ Prograni3_Standard Operating ProcedlgeBield Procedures Manualp
copy of the manual will be carried the field for reference.

Water samples All dissolvednutrient samplewill be field-filtered (0.45 um) Both total
nutrient and soluble nutrient samples whiénbe frozenimmediatelyon dry icewithout
additional preservatiorilf freezing isnot possible, standard DEQreservation methods with
H,SQ,, etc. will be usedf this scenario arises, submit the preserved nutrient samples to the
DPHHS laboratorpnly.) Duplicates will be collected for5% of all samples Feld/
equipmentblanks will be collected at the end of each samplingip (one in August, one in
September) TheDH samplerswill be rinsed with 10% HCI and DI water between samplings.
Detection limits, ppropriate bottlsizesand preservativeolumesfor each parameter afeund

in Table 40 of DEQ (2005).Sample bottles are as follows:

1. Dissolved nutrient$NO,.3, ammonia, DON, DOP, SRP®50 ml bottled 0.45 pm
filtered, then ordry ice

2. Total nutrientdTN, TP). 250 ml bottled dry ice

3. Dissolvedinorganic Carbon250ml bottled on regular ice

4. Suspended sediment concentration (and Turbidity). 1 L kibtiba regular ice

QUALZ2K prompts the user for the stoichiometry (C:N:P ratio) mragsof suspended organic
matter (isesto, living and detritabrganicmateria). Sestorwill be measured for C, N and P
contentdry weight andAFDW. TheUniversity of Montandlathead Lake Biostation is capable
of analyzing bottCNP samplesthe samples will be sent to them after completing the
preliminary preparations outlindmlow. The £ pair of filters will be analyzed for C & N

content using the high temperature induction furnace method (American Society of Agronomy,
1996), and the" pair for total P content using methods outlined in Mulholland and Rosemond
(1992).

For CNP samples dry weight and AFDW will be determined on GF/F filters used to filter
knownvolumes of river water(Section 10300 C; APHAL998).(AFDW can be determined from
the samples discussed in the next paragrdjolr) samples of known volume will be collected
on GF/F filters andstoredin 50 cc centrifuge tubemn ice qotfrozen).Equal volume of water
must be filtered on to each of these filtersDo not fold Vacuum on the filtexwill be kept
below 9.0inchesHg to prevent cell rupture and losktheir contentdnto the filtrate (Wetzel and
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Likens 1991). At the Water Laboratory in Helenaya of thefilters (for C & N analysis) will be
placed on a filter holder and rinsed witb?o HCI until they stop fizzingto remove inorganic
carbonategNiewenhuize et 811994. 50 ml tap watewill then bepulled through them to
remove the acid, arttienthey will bedried at 105 C. The remaining two filter¢for P
analysiswill be drieddirectly.

For phytoplankton Chl a and AFDW ,known volumes of wated which $ould match the
same volume used for the CNP filt@rdrom the shaken carboy will be filtered onZalifferent
GF/F filters until a distinct green color is observablesanhfilter. Vaccum must be held below
9inchesHg. Filtersarefolded in half (gren side in)putin centrifugetubes& frozen(dry ice).

3.6 Meteorological Measurements

An independent weather station unit will be instablgdEQwithin the Fort Keogh Agricultural
Experiment Station, on an islamdmediately adjacent to the riyerear Miles City The station
will measure wind speed and directiair,temperature, and relative humidapd will be used to
establish a suitable record for statistical correlatiomicroclimate if correction is necessary
The weather statiowill be of research grade quality, with flieowing specifications:

1. Air temperatur@ccuracy of + 0.5 degrees C.
2. Relative lumidity accuracy oft 5 percent.
3. Wind speed ecuracy of + 0.5 m/s.

A Hobo Onset or equivalent stationbising purchaseldy DEQfor the project Data collected

from the DEQweather statiomwill be compared to tlhdOAA-FAA data provided by th®liles

City Municipal Airport (WBAN 24037, COOP ID 245690) to identify the relative usefulness of
data outside of the stream corriddhe sites a approximately one mile away from another.

3.7 Hydrologic Measuremens

Discharge willbemeasuredby DEQat a number of siteduring the August and Segphber
sampling eventto establish the hydrologic balance for the projeach A calibrated Marsh
McBirney current meteandtop-setting wading ro@r sounding weightvill be usedo carry out
thevelocity-area method (Rantz et,d1982) Becausehere willbe a combination of wadeable
and boataccessed measurement points, the procedure for aofjetiicharge for each type of
measurements is shown below.

A. Procedure for Wading Discharge Measureme®ée Field Procedures Manual, page
30 (GA\WQPQA_Program3_Standard Operating ProcedigeBield Procedures
Manual).In this progct, we will deterrme flow using either (1) th@.2 and 0.8
measuement points at eactubtransector (2) the0.6 depth measurement point,
depending on sitspecific evaluation of the degree of laminar flow at the site. Sites with
even laminar flonandlimited bottom rougnesscanbe measured using the 0.6 method.

B. Procedure for Boat Discharge Measuremen¥ssual shoreline references (trees,
rocks, bushes, etc.) oneachbankal ong with a 3X6 ft painted
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attached to a paswill be used to assarthat measurements are collected along a transect
perpendicular to flow. The boat will be positioned to measure depths and velocities by
moving to each equidistant point (transect width +20) along the transect, and then
anchoring in placeA range finde will be used to measure the distance from the boat to
theon-shoretarget boardand a handheld GPS unit will be used to record the lat and

long of the channel midpoint and wetted edgdghe maximum depth in the cross

section is less than 3 m ane thelocity is low, a roenaybe used to measure the depth
and support the current meter. For greater depths and velocities, a cable suspension with
reel, boat boom, and sounding weighll be used The Marsh McBirney current meter

will be lowered to pasions 0.2 and 0.8f thesite depth, and the velocities recoraed

each If a transect of the Yellowstone River is a combination of boat and wadeable
measurements, all points of velocity measurement will be made using the 0.2 and 0.8
method.

Note: Boat neasurements are not recommended where velocities are slower than 0.3 m
sec' or when the boat is subject to the actionvafd and waves

Field staff will observeany rapidsalong thestudy reach, as shown on the BLM Yellowsten
River Floater 6s Gui de rovagssgnificanoreaeraiane Fotteosen i f
with significantre-aeration, a water surface slope between upstream and downstream of the rapid
will be taken using the laser levahd spoicheckDO measunment will be madeising the YSI

85 up and downstrearof the rapid.

Digital photographs of the discharge measurement transectgill be taken at each site and
latitude, longitude and elevatiaf the sites will be recorded using a hdreld GPS unitCanal
return points will only be sampled if definable return points can be identified

DEQ will usedata acquired as partbfh e U B@Gifedr®nitoring progranSGS has been
contacted to ensarthatthe statiors necessary to complete the 2007 field stwily be in
operationduring the 2007 monitoring period (personal communicatoicCarthy, 2006).
USGS data will be acquired in sub daily increments and will serve asthaedigdownrstream
boundary conditions for the modeling study reddie following USGSstationswill be utilized

(1) USGS 06295000Yellowstone River at Forsyth, Wpstream)

(2) USGS 06309000 Yellowstone River at Miles City, MT

(3) USGS 06308500 Tongue River at Miles City, MT

(4) USGS 0827500 Yellowstone River at Glendive, MDownstream)

3.8 Hydraulic Measurements

3.8.1. Dye Tracer Study

See Montana DEQ Field Procedures Manual Section 11.5 Fluorometers
(http:/www.deq.mt.gov/wginfo/monitoring/SOP/pdf/A06.PDH, Hubbard et al. (1982)he
following procedures, if undertaken, will be carried out by the UST# exact locations of the
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dye study are in flux because multiple Bureaus within DEQ are cooperatiygadund the
study (see memo, Append®). Therefore, the following should be taken as a general plan that
will be further refined in the future.

Procedure for Dye Tracer Studyhybrid between thaigh and low level stug approaches

proposed byHubbard et al(1982)will be completedn the Yellowstonelue to the fact that a
number of public water supplies are presarthestudyreach(Forsyth, Miles City and

Glendive) The high level approaaimonitors thedye concentrations at tipeiblic water spply

intakes to insure that the concentration of dye is less than the maximum levels recommended on
the product labelhile the low level approach fails to do. $balso determines: (1hpe travel

time of the centroid aflyethroughout the modetireach (ising fluorometric techniques) and (2)
longitudinal dispersion characteristics of the ribgrassessing the rate at which the river dilutes
the dye. USGS currently maintains tweltContained Underwater forescence pparatus
(SCUFA)from Turner Designs the Helena officeThese are proposed for use in the

Yellowstone studyEach instrument has a detection [imi0i84e g foL.Rhodamine WT dye
provides automatic temperature compensation, and will internally log 11,000 data points at user
defined inérvals.SCUFAIinstrumentatiorwill be leapfrogged in the downstreatimectionto

capture the leading and trailing edges of the dye plume, as well as theopeattration

Threeuniquesubreachewill be evaluateds part of the studyl) ForsythBridge (above the
diversion)to theTongue River(2) Tongue River tthe Powder Riverand(3) Powder River to
the Pacific Railway Bride in Glendive.Dye will beintroducedupstream of ForsytBridge at

t h e dBridge BAS (approximatel7 miles upstreanof Forsyth) to ensure complete lateral
mixing as well to adequately dilute concentrations prior to arrival at the Forsyth water Atake
single mid channedddition of dyewill be used(i.e., 20 liter containeof concentrated dye)
Lengthfor lateral mking is calculated as a function of estimated flow velodity €hannel top
width (W), and lateral dispersion coefficier,{) for a given flow regiméHubbard et b, 198;
Chapra1997).Lateralmixing distance for the Yellowstorad this sites appoximately 40 km

2
L, = O.lUB

m

(2)

lat

Rhodamine WTis the preferredye fortracerstudies(Hubbard et a).1982; Millset al.,1986;
USGSSMIC, 2005),andhas been selected for usetiis study.Criteria recommendebly the
Environmental Ratection Agency Fegtal Register Vol. 63, No. 408lational Sanitation
Foundation (NSF) Standard ,6ihd USGSVater Resources Divisidiwilson et al, 1986;
USGSSMIC, 2005) arel0 ug/L Rhodamine WTor the sourcevater entering @ublic water
supply(prior to treatment and distribution) and Qud/L in thedistribution systemMontana
does not have a water quality standardRbodamine WTFor this study DEQ will maintain the
concentration of Rhodamine WT at or below the levels recommended by the EReind |
instructionsIn order to determinthevolume of dye necessary to satisfy an adequate endpoint
concentration at Glendive, tisencentrations at each of the water intalkessyth and Miles
City) needgo bedeterminedirst to ensure thentakes at ee protectedandthenthat the
downstream detection limit is satisfied
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A desired endpoint of 0.25 e€g/L near Glendive
eg/ L) was identified by DEQ to ensure that ph
sediments, or uptake by plants do not cause concentrations to fall below the analytical limits.

Smart and Laidlaw (197°8@nd Turner et al. (1991) indicate that Rhodamine WT is conservative

in studies of one week of duration or less-1@®% recovery). @er studies(e.g.,Hubbard et

al., 1982) indicate significant los& margin of safetyvas therefore selectéd ensure detection

while still maintainingconcentratioa well below the EPA, NS&ndUSGScriteriaof 10e g/ L  a't
public watersupplyintakes The necessaryolume ofa 20% Rhodamine WT dysolution

requiredto satisfy these requiremengscalculated asollows (Hubbard et a).1982):

) mL 0.93
V =2x10 3[%} C, (3)

Where: V) is the volume of dye intlrs, Qn) is theexpected or actualischarge in the reach in

cubic meters per secondl,) (s the distance from injection to sampling point in kb, i§ the

mean velocityinm/s,an€f) i s t he peak concBasedonthdse on desi r
calculatons, a20 L injectionof Rhodamine WT 20% solutiameartheMy e r 6 gupdireéai@ of

Forsyth)will achievet he 0. 25 ¢ g/ L fotaseragecAugusbepterderdlowd i v e
These values, of c d&uwrnsed,otime #ow dataaebathe tinteofthb e Af i n
field study are compiled. Estimategedcancentrations atritical pointsin the study reach (e.qg.

water intake) areshownin Table3.2. Theyare nearly dactor of 10 below the EPASF, and
USGSrecommended values

Table 3.2. Estimated Dye Concentrations at Specific Locations along on the Yellowstone River (August-Sept flo
Hydraulic Reach Upstream Point Downstream Point DS Reach Stationing (krﬁlj Mean Q (rﬁ/s) Mean U (m/s) Concentrationyg/L)

BOUNDARY Myer's FAS 0 205
NA-MIXING Myer's FAS USGS @ Forsyth 75.5 205 0.91 1.15
YLW-01 USGS @ Forsyth USGS @ Miles City 128.7 230 0.91 0.65
YLW-02 US Tongue River US Powder River 201.5 235 0.89 0.40 "Estmate
YLW-03 US Powder River Glendive RR Bridge 310.7 240 0.89 0.25
Total Dye Rhodamine WT (20% solution) 20 liters

W McCarthy (2006); DEQ (2006).
@ Unknown Reach Length

3.8.2 Channel Dmensiors and RelatedMeasurements

Procedure folVelocity and Depth Rating Curve Developm®&wpth and velocityneasurements
(in the form of a rating curvgreusedto calculate travel time as well as wetted channel
dimensionsn QUAL2K. DEQ will measue these values in the field to provide model irgaut
well asvalidationinformation At eachof themainstensites wheralischargewill be measured
(Section 3.7)mean crossectional velocity, mean depth, and wetted river wititawill

already be avéable At otherspecifiedsites Appendix C;benthic/rate sitesjnean river depth
and wetted width will be measurealdefine the overall hydraulics of the systelhean river
depthwill be determined froni1l measuremesalongeachtransect siteWettedwidth will be
measured using a laser range findieraddition, field measurements from USGS at USGS
gauged sites will be usedigital photograph®sf the river atachphysical chaacteristic
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measurement locatiosill be takenin the up and downstreamdirectiors. Latitude, longitude
and elevation of the sites will be recorded using a ‘netdl GPS

Onelow-head dam igpresent within the study readfischer 1999; USFWS$20®). The
Cartersville Diversion Dam (also called Forsyth Diversion Dam) is éalcsgarForsyth and was
constructed durigp the early 1930s utilizingprap capped with concrete. The dam is over 800
feet in length and spans the entiiglth of the channeln order to adequatedefine velocity
and flow depth resulting from ighstructire, as well ago compute reaeration (Chap2003)
height of thadiversion dams anecessarynput toQUALZ2K for weir computations

Two measurements will bemadeat the Forsyth low-head dam(if possible) to identify the

average height of thdam oneat the leftoank,andone at theight A As bui |l t 0 dr awi i
be consultedThe mean of the left and right banks will be used to determine the average weir

height.A metric fiberglass survey rod (or engineers tape) will used to record this nreastire

Digital photographs will be taken of the structure and the latitude, longitude and elevation will be
recorded using a haftteld GPSWidth will be measured using a laser range finder and will be
compared to values measured from aerial photography.

3.9 Boat Usage

EquipmentBe c au s e o tlepth dbeat wili beusedfdr sollectinga large number of the
measurements outlined abow&/e will use al6 ft Jon boa{modV hull with tunnel)equipped
with an outboard jetThe Jon boat providesralatively stable platfornfrom which to work
e.g.,operating a smaivinch/boom apparatus collect benthic samples or measure velocity
Additional equipment for the boat are:

Coast Guard approved life preserver for each occupant

Two type-IV throwable floatation device

Horizontally-mounted fire extinguisher (for fires type A, B and C)
Airhorn

Flares (visual distress signal)

Oars

Bailing device including a bilge pump

Winch/boom apparatufor benthic grahsvelocity measuements etc.
Claw-typeanchorand mushroonrtype anchowith chain and rope
10 Large cleat on bow to secure anchor line

11.Electric anchor cable winch

©CoNorwWNE

Boat Operatiorand Safetylraining. All field staff in the boat will be required to wear their life
preserver at all timesAll project paticipants who will operate the boa&ve completed
boating safety class offered by the U.S. Coast GAaxiliary. A copy of theCoast Guard
textbookfrom the cours€dUSCG 2006will be carried to the field and kept in the boMontana
boating regulabnsavailable athttp://fwp.mt.gov/fishing/regulations/boatrestrictions.htsil

be reviewed bwll project participants who will be in the bo&articipants who will operathe
boat will familiarize themselves with the boat & motor operation on a lake or resemeoitg
using theboat o the Yellowstone River
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Intended Usage of Boaf he boat will be launched as close as is reasonably possddelo
sampling site.The boat will be anchored in place at points where measurements (velocity, water
samples, etc.) are made along trans€xt® individual on the boat will be assigned as a lookout
for other boat®n the riverat times whenheboat is anchored in the river.

4.0 Sample Handling Procedures

Sample storage times are showd able 4.0 of théedEQ WQPB QAPRDEQ 2005) Standard
DEQ Water Quality Planning Bureaite visit/chain of custody forms will be used to document
and track all samples collectadthe progct. Samples will be delivered to the Department of
Public Health and Human Services Environmental Labordf®HHS laboratoryin Helena or
shippedrozen (or deliveredfo theUM Flathead Lake Biological Statiorl.he following
sampleswill be deliveedto the Flathead Lake Biological Statitor analysis DIC, dissolved
methandif collected) total N, total P, NQ.3 total NH3z, DON, DOP,SRP, sesto@N samples,
sestonP samplesphytoplanktonChla & AFDW samples The DPHHS laboratory will receive
benthic Chl a samples, and SSC and turbidity samples.

5.0 Laboratory Analytical Measurements

The detection limits of the analyses undertaken bypfPEHS laboratoryare detailed in Table
4.0 of the DEQ WQPB QAPMEQ 2005) For rutrients and other wat quality parameters
listed inTable 2.1of this SAPto beanalyzed by th&lathead Lake Biological Statiomethod
detection limitsareasshown in Tablé.1, below. Table 5.2below) shows the performance
characteristics of measurements made by the6680EDS sondes (YSI, 2006).
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Table 5.1. Major Plant Mutrients and their Detection Limits, As Analyzed by the Flathead Lake Biclogical Station.

Detecti
Parameter Units Analtical Method o Petechon Method
Sample Prep/holding time Lanit Eeference #
Dissolved morganic carbon (DIZ)  mgl.  Phosphoric acid injection Filtered asap, stored at 4 0.04 mgT.
degC/ 14 days 13
Total ntrogen (TT)  pg/l.  Persulfate digestion Frozen asap/ & months 20 pefL 7,.8,9, 10
Mitvate + nitrite (MOgy5)  pgfl  Cademium reduction Fitered and frozen asapl o 7
& months 3.4
Dissolved organic nitrogen (DOIT) pel.  Persulfate digestion Frozen asap/ & months 17 pg/L
Total armomnia (MHs)  pgl. Avtomated phenate method Filtered, frozen asap/ 6 3 pgL*
motths 5.6
Sulfiric acid & persulfate digestion
Total phosphorus (TF)  pg/L followed by ascorbic acid Frozen asap/ & months 0.4 pgl s
Dizsolved organic phosphorus (DOP) pg'L 5 c acid & per:?tﬂfat.e digestion Frozen asap/ 6 months 3zl
followed by ascorbic acid
Soluble reactive phosphate (3RP)  pgl.  Direct ascorbic acid Fﬂte;;d, frozen asap/ 6 0.3 pg'l 12
months s

* &5 aresult of background ammonia on field filter blanks, the practical detection limit may be approxzimately 20 pgfL.
All the automated methods are done on a continuous flow mstrument (Techricon™ Autoanalyzer T IT)

Method References:

1) Standard Methods for the Examination of Water and Wastewater, 17th Edition (1989), p.4-177 Method 4500-P E. and p. 4-170 Method 4500-F B

2) Technicon Autoanalyzer |l Industrial Method Na. 155-7 1% Ortho Phosphate in WWater and Seawater, adapted (Ted Walsh, U. of Hawaii, Personal communication, 1988).
3) Standard Methods for the Examination of Water and YWastewater, 16th Edition (1289). p4-135, Method 4500-M0O3- E.

4) Technicon™ Autoanalyzer™ Il Industrial Method Mo, 158-71WYEB, revised Aug 1979,

9) Standard Methods far the Examination of Water and Wastewater, 17th Edition (1989), Method 4500 H. pg 4-111 - 4-128.

6) Technicon™ Autoanalyzer™ Il Industrial Method Mo. 154-W/E, revised January 1578, Ammonia in Water and Seawater.

7) D'Elia, C.F., P.A Steudler, and M. Corwin, Determination of tatal nitrogen in agueous samples using persulfate digestion. Limnol. Oceanagr. 1977, 22:760-764.
8) Solorzano, L. and J.H. Sharp. Determination of total dissolved nitrogen in natural waters. Limnol. Oceanaogr. 1980. 25(4):.751-754.

9) Standard Methods far the Examination of Water and Wastewater, 16th Edition(1985), p.400, Method 418 F.

10) Technicon Autoanalyzer Il Industrial Method MNa. 158-71W/B, revised Aug 1979

11) Standard Methods for the Examination of Water and Wastewater, 20th Edition (1998). P5-20 or 5-24, Method 5310 B or D.

12) Menzel, D. W. and R. F. %accaro. 1964, The measurement of dissolved organic and particulate carbon in seawater. Limnology and Oceanography 9:138-142.
13) Operating Procedures Manual for Oceanography International Corporation Total Carbon Analyzer.

Table 5.2. Performance Characteristics of the YSI 6600EDS Sonde

Parameter Resolution Accuracy Range
Water Temperature 0.01°C +0.15°C -51t045°C
pH 0.01 units + 0.2 units 0 to 14 units
DO (mg/L) 0.01 mg/L + 0.2 mg/L 0 to 50 mg/L
DO (% saturation) 0.1% air sat. +2% 0 to 500% air sat.

Specific Conductance  0.001 mS/cm + 0.5% of reading 0 to 100 mS/cm
Chlorophylla 0.1 pg Chla /L none given* 0 to 400 pg Cha /L
Turbidity 0.1 NTU 2 NTU 0 to 1000 NTU

Battery Life 90 days at 28 C, 15 min logging intervals w turbidity and Chl a on.

*In vivo measurements will only be as accurate as the laboratory samples against which they are calibrate
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6.0 Quality Assurance and Quality Control Requirements

Quiality assurance and quality cont¢@QA/QC) requirements fosome of the more unique
procedures in the SA.g., benthic SOD charabs, longterm YSI sonde deploymeritave
been outlinedn the project QAPP All otherstandardQA/QC requirements followed by DEQ
(DEQ 2005)will be instituted for this project.

7.0 Data Analysis, Record Keeping, and Reporting Requirements

Data loggedn the YSI 6600EDS sondes will be downloaded to a DEQ computer via the
EcoWatch for Windows program provided by Y$lata generated during this project will be
stored on field forms, in laboratory reports obtained fromaheratoriesand in Excel
sprea@sheethostedby DEQ shared networkervergbacked up on a daily bakiSite

Visit/Chain of Custody forms will be properly completed for all samples. Written field notes,
field forms (photo log, site information), and digital photos will be procesg&Hq) staff
following QA/QC procedures to screen for datdry errors. Data provided by tB&HHS
laboratoryand the Flathead Lake Biological Statwill be in a SIMcompatible format, and will
be readed for import into the DEQ@ kcal STORET databaseid EPA STORET database by the
Montana Department of Environmental Quality. Data will be processed with Excel and with
Minitab release 14, Systat version 10 or StatMost for Windows statistics utilities. ArcView
version 9 ArcMap will be used for GIS apg@tons. The GPS coordinate system datum will be
NAD 1983 State Plane Montana, in decimal degrees, to at least the third dgrousandths)

All data generated during this project will be available to the public.

8.0 Schedule for Completion

Equipmentpurchasesaveproceeedsincelate 2006 Boating safetynd first aidecoursesvere
completedby project participants spring 2007.

Five major trips are scheduled for completing this SAP
1) Deployment of YSI sondes in late July/early August 2@pp(oximately 8 days)

2) Sampling run No. 1 (calibration datases¥ and 4" full weeks of August, 2007
(approximately 1.2 daytrip)

3) Check and cleaSI sondeof biofouling, end Aug/start Sep2007 (approximately 5
days)

4) Sampling run No. 2 (valigtion dataset)3and 4" full weeks of September, 2007
(approximately 1012 days).

5) Retrieval of YSI sondes, late September/early October 2007 (approxirbaiaysg).
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The model and its associated report should be complet®thp008. Further refnement of
the model based on the dye study will be completed after USGS provides the dye study results.

9.0 Project Team and Responsibilities

This project igntended to bearried out bystaff ofthe Montana Department of Environmental
Quiality. Personal directlyinvolved in this project are presented in Table.

Table 9.1. Project Personnel Responsibilities.

Name Organization Project Responsibilities
Michael Suplee MT DEQ Project Management/data collectio
Kyle Flynn MT DEQ Model Calibration and Validation
Michael Van Liew MT DEQ Model Calibration and Validation
Monitoring Staff 1 MT DEQ Data Collection
Monitoring Staff 2 MT DEQ Data Collection
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Appendix A
Memo
To: Jon Dilliard, Bonnie Lovelace, George Mathieus, Todd Teegarden

From: Michael Pipp, Bob Bukantis, Mike Suplee, Kyle Flynn, and Jim Stimson

CC: Joe Meek, Mark Smith, Kate Miller
Date:  April 19, 2007
Re: Potential Cooperative Project Opportunity with the USGS

Proposal Overview

The U. S. Geological Survey (USGS) is interested in conducting dralyer study on the
Yellowstone River. A study of this kind would be extremely helpful to several DEQ programs
and projects. To undertake the study the USGS needs cooperators to help with funding. The
USGS would conduct the study and would participate in funding the efforg tiseir own
matching funds. They would match funding from other cooperators on a 40:60 ratio. The
purpose of this memo is to explain how the proposedtidyer study provides critical
information for several DEQ programs and to solicit input on ples$inding sources from

DEQ Bureau Chiefs and Section Managers. An estimate of the cost for the study is being
developed at this time through discussions with the USGS and DEQ staff listed above. As soon
as estimates are available Michael Pipp and BdkaBiis will request a brief meeting with you

all to discuss funding possibilities.

Dye-Tracer Study and Numeric Nutrient Criteria Development

The Water Quality Standards Section is developing numeric nutrient criteria for all surface
waters of the state.Starting in summer 2007, The Section is planning to work in the lower
Yellowstone River in order to develop criteria for the lower river. The Section is planning to use
a water quality model (QUALZ2K) to answer the following question:

In a segment of théower Yellowstone River, what are the highest allowable
concentrations of nitrogen and phosphorus which will not cause benthic algae to
reach nuisance levels and/or dissolved oxygen concentrations to drop below
applicable State water quality standards?

The highest input of nitrogen and phosphorus concentrations that do not cause nuisance algae
growth and/or exceedences of the DO standards undeffdemconditions may be used as the
numeric nutrient criteria for this river segment. Our basic assumpgidhat the underlying
mechanistic foundation of the model is sound, but direct measurement of key parameters driving
the model wil/l increase the model 6s accuracy.
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Dye-Tracer Study and Nutrient Water Quality Model

Waterquality models are typically no tier than the travel time used in their mass transport
formulation and several approaches have been proposed in the literature for estimation of reach
travel time. The most accurate of these is throughtidyeer and florescence studies, of which
MDEQ is poposing for the Yellowstone River. Accurate travel time is crucial in calculating
water temperature within the model (i.e. water temperature is extremely sensitive in DO
modeling), for correcting temperature dependent rate coefficients, and completinigteais

for which a particular segment is influenced by those rate coefficients. Several unique subreaches
are proposed as part of the dyacer study for the modeling effort. These include: (1) Forsyth
Bridge to the Tongue River, (2) the Tongue Riwetite Powder River, and (3) the Powder River

to the Pacific Railway Bride in Glendive. It is believed that the proposedrager study could

be extended upstream (to Billings for example) to characterize travel time/dispersion for public
water supply/dnking water purposes.

Dye-Tracer Study and Surface Water Public Water Supplies

In 2004 the Source Water Protection Program wrote a grant to EPA to help fund a USGS study
that used flood wave velocity to estimate surface water time of travel along a pudrtioa

Yel |l owstone River. It was hoped that the f1
method to estimate time of travel for the purpose of assessing the potential impact of
contaminant spills or releases on public water supplies alonydhewstone. However, the
flood wave studydés conclusions and r-gxarl ts ¢
study as described above. In addition to validating the flood wave study, time of travel and
dispersion data generated by the progabge study would give the Public Water Supply and the
Source Water Protection programs additional information to help assess the threat of potential
contaminant spills or releases on the river. The information from the proposed study can be used

to bette estimate: 1) how long it will take a contaminant plume to reach a public water supply
from a give release site, 2) how | ong it wil
intake, and 3) the peak concentration that can be expected in theywiditite surface water

intake. Funding the proposed dyacer study would help multiple programs within DEQ.
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Appendix B Equipment List

ITEMS FOR WATER SAMPLING

Field SheetsWrite in Rain Level Survey Bogkabels, dp Board,SharpiePers/pencils

PlasticCarboys 2)

0.45 pm filter catridges

60 cc syringes (clea25)

Sample Container@ncludes duplicates and extra bottlaad bottles for chamber fluxes
o Water sample bottlgslevelop detailed list)
o Centrifuge tubesr petri dishes for Chd (benthic and phytoplanktomnd CNP samples
0 1 gallon size ziplock bags

Preservatives
o H,SO,
o Formalin (100 ml)

47 mmGF/F filtersand tweezers

47 mm filter apperatus

Handvacuum pump

Centrifuge tubes

Aluminum foll

Ice Chests (3) ahlce

Dry ice

Portable 12 v/120 v freezer

DH 48 and associated bottle

DH 95boat or bridge mounted sampler, and associated bottle

Large HDPE plastic jar as an acid bath for DH48 bottles

ITEMS FOR DO WINKLER TITRATIONS

Manganese sulfate solution

Alkalie-Azide reagent

Standard sodium thiosulfate titrant

Starch indicator solutiorfeye dropper)

10% HCI solution

DI water

Concentrated 8O,

Carboy for waste chemical$)

100 ml volumetric pipette (2) and bulb

50 ml burette with sfmcock

Ring stand and burettdamp

Stirrer plate

250Erlenmeyer flask$4) and stirrer rods
Ice chest and ice

300 ml dark BOD bottles (3nd holder caps
300 ml light BOD bottles (9and holder caps
Rack to hold BOD bottles (2)

26



Using a Comuter WateiQuality Model to Derive Numeric Nutrient Criteria for a Segment of the
Yellowstone River

e Lind (1979) book

ITEMS FOR REAL-TIME WATER QUALITY
e CdibratedYSI 6600ED sondess]
o0 Calibration Solution (pH)
0 SpareBatteries
o Clamp for YSI sonde (3.5 fA grip)
YSI deploymentapparatug8)
SS cabldmiminum oftotal 1,250 ft; can be in roles of 150 or 200 ft)
Swage tool and swage locks
Cable cutter
Shovel
Heavy blocks with eyebolt for nebridge deployment
Laptop with Ecowatch
Laptopto-sonde cable
650 haneheld YSI with barometer
650to-sonde cable
Boat hook with special hook on end to catch cables
HOBO temperature loggers (6)
Fence posts or bricks tmld data temp loggers
Zip ties
Small sledge hammer

ITEMS FOR SAMPLING FROM BOAT/FLOW

Top Setting Rod (2)

Marsh McBirneyelocity Meter (2)lab calibratedget tom sec)
Laserlevel, tripodand batteries

BushnelLaser Range Finder

Grey paintedt @iy (wobo)d aindarfgeence posts (2)
Fiberglass survey rod

Long fiberglass tape (m)

GPS Unit and atteries

Hip waders and boots

Marsh McBirney boat/bridge mountable velocity device
Ponar grab

ITEMS FOR SOD MEASUREMENT

Benthic chambers (2)

500 GPH pumps (2nd1800 GPH pmps(2)

100 ft special watetight connector extension cords (2)
Honda generator

Safety breaker (110 v)

Length of heavy chain (2)

Snorkel and maslbathing suite and Tevas

300 ml dark BOD bottles (6) and caps

Ice ches(1)
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e YSI85(2)
e 60 ccsyringe (8)need 10% HCI and DI water rinse between sites

BOAT SPECIFIC ITEMSAND GENERALITEMS

PFDs for each person

Oars

Bailing device additional tabilge pump

Winch/boom apparatus for benthic grabs, velocity measurements, etc.
Clawtype anchoand mshroom anchowith chain and rope
Sea Anchor

Rope (200 feet)

Bimini and boat cover

Grease gun

2-cycle oil (4 gts)

Extra 12 v batteries (2)

Large cleat on bow to secure anchor line

Wilderness First Aid kit

USCG book, First Aid book

Cell Phone

Digital Camera

Calculatos

Electronic depth finder

5-10gallons gasoline

Weather Station (for initial deployment)

28



Using a Comuter WateiQuality Model to Derive Numeric Nutrient Criteria for a Segment of the Yellowstone River

29



