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ABSRACT

A wholestream nitrogen and phosphoryautrient) addition study was carried out inpgrennialprairie

stream in eastern Montand he study site (on Box Elder Creek) has been idenbfiddECEince the

1990sas a referenceuality streamThed (0 dzZR& Q& LJdzN1}2 a4S&a 6SNB (2 om0 0Sii
nutrient enrichment in prairie streams, and (2) collect data which lent themselves best to the
interpretation of harmto prairie streambeneficial uses. DEQ is constantly strivingetter understand

the linkages between pollutants and the effects they manifest on legdidfined streanbeneficialuses

and their associated wateguality standardsobserving controlled eutrophication effects on a reference
stream was an ideal way to study theggkhges The study design was a Before After Control Impact

Paired (BACIP) study in which there was an upstream Control Reach followed by a Low Dose Reach and
thena High Dose ReacWWork was carried out in summer and early €aler three yeardeginningin
concentrations in the stream werfeund to below (3 ug N@N/L and 4 pg SRP/Iy. 2010, sluble

nutrients (nitrate and phosphate) wewdripped intothe streamin a controlled manner using grawitgd

supply tanksOver the nearly twemonth period during which nutrients were added, concentrations in

the Low Dose Reach weirecreasedo 38.6 ug N@N/L and 4.4 SRP/andin the High Dose Reati

118.7 pg N@N/Land 15.6 SRP/In 2011 m nutrients were addedvhenfollow-up/stream recovery

data were collectedin 2010and as a result of dosingmpacts were documenteh the High Dose

Reachand included seasonal DO concentrations below state standards, pH inc€besdering on

exceeding standards, development of nuisance attached algae levels, and a decline in macroinvertebrate
metric scorego the threshold DE@as usedo defineimpairmert of that biotic communityTheDO

impact in the High Dose Reaclsgeasonal, occurring in the early fall when large volumes of algae
senesced and these decaying algae exerted a strong DO demndhd stream. In the Low Dose Reach
ecological changes wedbcumented, but definitive harm to beneficial uses was largely ab3dwtse

findings were in alignment with our pigtudy predictionsBoth the Low and High Dose reaches

returned to their original (i.e., 2009) biological and chemical status in 201thkss year after

nutrient dosing endedDuring the study there wa®tational grazing by cattleccurringat the study

site, butno discernable impact on water quality from their presence was documented. The report
concludes with a number of recommendats whichOlF Yy 6 S dzASR G2 Ay T2 NX T dzi dzNJ
stream assessment methodolieg.
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ACRONYMS

Acronym Definition

AFDM Ash Free Dry Mass

ARM Administrative Rules of Montana

AUM Animal Unit Month

BACIP Before After Control Impact Paired (study design)
BOD Biochemical Oxygen Demand

Chh ChlorophyHa

DEQ Departmentof Environmental Quality (Montana)
DO Dissolved Oxygen

NRCS Natural Resource Conservation Service

QAPP Quiality Assurance Project Plan

SOP Standard Operating Procedure

SRP Soluble Reactive Phosphate

TN Total Nitrogen

TP Total Phosphorus

TDS Tatal Dissolved Solids

TSS Total Suspended Solids

USGS United States Geological Survey

WWTP Wastewater Treatment Plant
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Whole-stream Nitrogen and Phosphorus Addition Study to Identify Eutrophication Effects in a WaPBeaibile
Streant Section 1.0

1.0INTRODUCTION

Development of numeric nitrogen (N) and phosphorus (P) criteria for surface waters for all regions of

GKS adlFridsS Aa 2yS 2F GKS 5SLI NI Y Ssypportiaghs stgwte N2 y Y Sy
water quality management goals and responsibilities. The Department of Environmental Quality (DEQ)

used ecoregiongOmernik1987)to establish zones in which specific N and P (nutristathdard$ apply

(Montana Department of Environmental Quality 201%hesestandardsare intended to be protective of

0KS NBIA2YyLFE AGNBlIYAQ 6l GSNIljdzrtAGe YR 60SYSTAOAL
studies showing linkages between nutrient concentrations and effects on streams are critical to the

criteria derivation process, and DEQ has been able to identify quite a number of these studies in the
AOASYUGAFTAO fAGSNY (dzNB ¢ hefShpice dntfWdisonR@lIHovweveratBey G | Yy I Q&
Northwestern Great Plains ecoregion in southeastern Montana was not well studied, and for this reason

DEQ decided t®F NNB 2dzi | aOASY(GAFAO addzReé GKSNB G2 [ aodsh
streams. This document is the result of that study.

The effect of increased nutrients on stream water quality and beneficial uses is relatively complex. It is
mediated through interactions of autotrophic and heterotrophic organisittse proximate stressors

that are known to harm waterbody beneficial uses may be several steps removed from the ultimate

cause of the problem elevated nutrientsFigure 11). Due to thesea@mplexities, it can be difficult to

extrapolate laboratoryor mesocosr¥scale studies of nutrient effects in flowing waters to the whole

stream scale. For these reasons we decided to carry out a nutrient additionistsidyin a stream of

the Northwesten Great Plains; we believed that a whaligeam fertilization study would provide the

Y2404 | OOdzNI ¢S dzy RSNEGFIYRAY3I 2F ydziNASyd STFFSOta 2

% Standards (i.e., water quality standards) are criteria that have been adopted into law to protect waterbody
beneficial uses.

05/11/16 Final 1-1
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Streant Section 1.0

Higher
Trophic Level

Food Quality

Competition . Toxi
: g :":‘“"Y Noi IHarmful oxins 4‘ Recreation
ncrease roducer visance /Harmfu
— — i
N/P Species Algae/Plants Drinking
Shifts Taste and Odor
Productivity H Disinfection Byproducts }7
| d I d
Increased . rllz‘crri;?rey rg::::iec Increased ) Decreased L Higher
p — B Respirafi .
N‘/ Productivity Matter esp|1r\a ion Oxygen Trophic Level
Physical
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Figure 11. Flowchart Exemplifying the Relationships between Increadadrient Concentrations and

Stream Beneficial Uses.
Beneficial use impacts are usually several steps removed from increased nutrients, which are the ultimate cause of
the changesThis model/flowchart was developed as part of the Stream Nutrient Enrichitvemkshop

(U.S.Environmental Protection Agency 2014)
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Whole-stream Nitrogen and Phosphorus Addition Study to Identify Eutrophication Effects in a Wadeable Prairie
Streant Section 2.0

2.0BACKGROUND

This study followed standard scientific method (formulation of a question, hypothesis, prediction,
testing, analysis, and conclusion). The vast majofityis report addresses the last three elements
(testing, analysis, and conclusion). Here, we present our questions, hypotheses, and predictions, which
were developed at the beginning of the study in 2009. The experimental unit in the study was a length
of stream and the water flowing through it (i.e., a stream reach). Stream reaotresthenassigned to
different treatments (control, lowevel nutrient dose, higtevel nutrient dose).

2.1 QUESTIONSHYPOTHESESND PREDICTIONS

Questions
The followingwo questions were included in the project QAfMNtana Department of Environnéal
Quality 2010)

1. If nitrogen and phosphorus are added to the stream during the growing sease8dpt)lyn order to

bring the concentrations up to levels DEQ currently believes are appropriate as regional nutrient criteria,

what will be theeffS OG 2y GKS &aiGNBIYQa RA&d&a2ft SR 2E@3Sy | yR |
algal density and composition, and macroinvertebrate density and composition?

2. If nitrogen and phosphorus are added to the stream during the growing sease8€ptiyn ader to
bring the concentrations to levels somewhat beyond what DEQ believes are appropriate as regional
nutrient criteria, what will be the effect on the dissolved oxygen and pH patterns, benthic and
phytoplankton algal density and composition, and maoreitebrate density and composition?

Based on earlier worfSuplee 2004; Suplee et al. 200BEChas a fairly good idea what total nitrogen
concentration criteria for eastern Montana prairie streams ought to look like. That work also showed
nitrate to be very important in these streams, however the exact nitrate loading and concentration that
these streams could tolerate was not clear. Wedketed some nitrate tolerance estimates and these
estimates formed the basis of the two nutrient dosing rates (low, high) that were applied.

Hypotheses

We hypothesized that in the reach of prairie stream receiving an increase in nutrients up to the level

defined in question 1 above, we would see changes in the dissolved oxygen (DO) and pH patterns,

benthic and phytoplankton algal density and compositamd macroinvertebrate density and

composition. However, we ditiot necessarilgxpect those changesould be so pronounced as to
O2yaidAitdziS aKINY (G2 dzaSés ADdSods | ifemegdésigiiatett 6t S | y
beneficial uses of thetream.Readers should note thahé stream is classifiedZand beneficial uses

are bathing, swimming, and recreation, growth and propagation ofsedmonid fishes and associated

aquatic life, waterfowl, and furbearers.

In contrast, we did expectt§ S A dzNB | YR R20dzYSy i KIN¥Y G2 (GKS adNBI
receiving an increase in nutrients up to the level defined in question 2. In this more-Hageg reach,

we also expected to see the nutriemiduced effects on the stream extend fbdr downstream

(compared to the lowedosed reach in question 1) because nutrients in excess of the assimilative

capacity of the local biota would move downstream and continue to margféstts.

05/11/16 Final 2-1



Whole-stream Nitrogen and Phosphorus Addition Study to Identify Eutrophication Effects in a Wadeable Prairie
Streant Section 2.0

Predictions
In 2009 we discussed several predictions whvehanticipated would result from the addition of
nutrients to the stream. Specifically:

1) Reach receiving low nutrient dose

a) Higher daily highs and lower daily lows for pH and DO, but the daily DO lows would not drop
below minimum standard$or examplethe 1-day minimumin Circular DEQ (Montana
Department of Environantal Quality 2012)

b) Anincrease in benthic and phytoplankton algae density, but the benthic algae reach average
would remain below the nuisance threshofdl50 mg Chla/m(Suplee et al. 2009)

c) Anincrease in the probability of nutrient impairmetarding to the warnrwater diatom
increaser taxa metri€Teply 2010a; Teply 2010kt still with an overall probability of
impairmentless thar60%.

d) Based orthe macroinvertebrates, a decreagethe plains MMkcorebut stillabovethe
recommendedmpactthresholdof 37 (Montana Department of Environmental Quality, Water
Quality Planning Bureau 2006)

2) Reach receiving high nutrient dose

a) Higher daily highs and lower daily lows for pH and DO, with daily DO lows dropping below the
minimum standardsfor examplehe 1-day minimum in Circular DE{YMontana Department of
Environmental Quality 2012The pH might show change in excess of the standattat it
mightrise to valuegreater than9.0or it couldchangemore than0.5 standard units compared
to naturalt natural in this case being the pH measured in the study control reach

b) An increase in benthic and phytoplankton algae density, with benthic algae reach averages
exceeding the nuisance thresholtl50mg Chldm? (Suplee et al. 2009)

c) Anincrease in the probability of nutrient impairment according to the waater diatom
increaser taxa metri€Teply 2010a; Teply 20k), with a change showing the probability of
impairmentto begreater than50%i.e., indicative of an excess nutrient problper thecurrent
DEQ SO@Montana Department of Environmental Quality 2011a)

d) Based on the macroinvertebratespossibledecreaein the plains MMI to a levddelowthe
recommended threshold of ¥¥ontana Department of Environmental Quality, Water Quality
Planning Bureau 2006)

e) Some of the impacts listdtbrein bullet2, but probably not all, would reach kg that could
readilybeidentifiedr & G KIF NXY (G2 o06SYSFTFAOAIf dzaSé o

Regardin@d above, we were less certain that the macroinvertebrate community would actually exceed
the threshold for the plains MMI. This is because macroinvertebrates have longer lifespans than, say,
diatoms, and the study duration {8 weeks) might hasbeen too short for changdarge enougtio

exceed theMMI thresholdto occur. Diatom algae have generation times measured in weeks or less,
whereas macroinvertebrates operate on time scales of weeks to yek@sng et al. 2006a; Hering et al.
2006b) Per 2ewe knew that nutrient impacts on beneficial uses are mediated through complex
interactions of autotrophic and heterotrophic organisms (s&teoduction), therefore the predictability

of the outcomes becomes more uncertaBecause of this, we were not ¢ain that all the parameters

we measuredvould exceed defined thresholds, but we were fairly certain ditdeastsome of them

would.
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3.0METHODS ANNIATERIALS

3.1STREAMITESELECTION

The study was carried out on a reach of Box Elder Creek elstéit on, MT Figure 31; latitude
-104.1387, longitude 45.845&easured in KD83. Box Elder Creek is classifie@.Q is an
intermittent-to-perennial, §-order stream located in Carter County (southeastern Montana), where it

flows northeast across prairie landscape from its headwaters until exiting Montana and entering South
Dakota.The stream is wholly contained within HUC 10110202. Summer baseflow is typically around 7

CFS0.2 ni/s).

The stream site was selected because it is on stateed landandhas beerclassifiedoy DEas a
reference site sincthe early 1990¢Bahls et al. 1992)n 2009, an NRCS riparian assessr(feiok et al.
2004)carried out by DEQ and Carter County Conservation District staff (including a trained range
botanist) deemedhe siti 2 KI @S | adzadlrAylrofS NIXGAy3ad ¢KS
repeatedlyby DEQluring the past decade (2001, 2005, 2006, and 2@egmthesedata, the reference
reachwasknown to havefairly low N and P concentrationEhe stream is sodiursulfate dominated

with a strong buffering capacity (total alkalinity about 400 mg/L as gaki@vever,the anions
carbonate and bicarbonate are almost as abundant as sulstidiumsulfate and sodiunbicarbonate
dominated streams are extremely commonirK § NB3IA2y s G(KSNBF2NB . 2E
chemistry is typical of tharea From headwaters to the site, the stream is wholly contained within
ecoregions with prairidike characteristics (i.e., it does not have mountaater influences on its ater-
guality as does, for example, the Yellowstone River).
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Box Elder Creek
Study Site

eyojeqa yanos

036 12 18 Kilometers

Figure 31. Upper PanelMap of Montana(with Counties) kghlighting the Box Elder Creakatershed

in Carter CountyLower Panel. Closafiew of the Watershed,Showing the Sudy Ste at the Northern
end of theWatershed, near the MontangSouth Dakota border.

The stream isocatedin Hydrologic Unit Code (HU©)110202.
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3.2 STUDYDESIGNBEFORAFTERCONTROIMPACTPAIRED(BACIP)

The basic study design is a Beféfter Control Impact Paired (BACIP) st(8hgwartOaten et al. 1986)
BACIP designs are used when the ability to have standard treatment replicates (e.qg., five prairie
reference streams that receive nutrient dosing aiv fdifferent prairie reference streams that are
untreated and serve as controls) is not feasible. The design involves comparing measured stream
characteristics before and after an impact in a single stream, in this case the impact being nutrient
addition. To account for effects of natural changes over time (e.g., weather effects), a stream reach that
receives no impact igairedwith one or more reaches that w{mith, 2002)

In this study, there was one rimpact reach (Control Reach), and two impact reaches; a Low Dose

Reach and a High Dose Redelgifre 32). The Control Reach was the most upstream, followed

immediately downstream by the Low Dose Reach. The High Dose Reach began 900 m downstream from
the terminus of thedesignated_ow Dose Reach.

BACIP designs comprise specific statistical approachestaief averview of the method is warranted
here. The statistical design and testing followi&tdwartOatenet al.(1986)wherein, for any given
parameter (e.g., daily dissolved oxygen minima), the mean éalian) of the differenced)) between

the Control Reach and an experimental reach (e.g., the Low Dose Reach) in the Before period are
02 YLI NBRXZ @tedtor (préfdzbig)yhé @iparatnetric ManAWhitney test, to the mean (or
median) of theDs far the same parameter in the After period. An example of the data handling is given
in Table 31, which isexampledata for dissolved oxygen (DO) to illustrate the concept. Nofeabie 31

that it is the calculated values Bfthat are used in the statiital test (Beforass.After), not the original
values measured in the Leand High Dose reaches. It is by this mechanism that natural changes in DO
(or any parameter) that occur in the impacted reaches are separated from experimentally induced
changes; te Control Reach acts as a covariate, and it is assumed that DO in the experimental reaches
would have been the same as DO in the Control Reach if the experimental reaches had not received
their respective perturbations. In thEable 31 example, there is o statistical difference (Mann

Whitney test, alpha = 0.05) in medi@xfor the Low Dose Reach between the Before and After periods,
whereas the differenceéetweenthe Before and After periods in the High Dose Reach is significant (p =
0.01).

% Using a norparametric test is more robust when the data may or may not fit a normal distribution function
(Conover, 1999)
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High-Dose Reach

Control Reach

Low-Dose Reach

Figure 32. Closeup View of the Box Elder CreeRudy Jte.
Stream flow is from left to righfThe black outlined box is the boundary of the statened parcelStart and end
points of the Control, Low Dose, and High Dose reaches are shown by blagetipesdicular to stream flow.

Table 31. lllustration of BACIRlesign statistical testing.
Fictitious dissolved oxygen concentrations in the Control,, lamnd High Dose ReachésMann-Whitney or Fest
is carried out on th® valuesfrom the Beforevs.After periods.

Daily Dissolved Oxygen Minimé Calculated Difference (D)
(mg/L)
Sampling Low High Difference (D): Difference (D):

PERIOD Event Control Dose Dose Control¢ Low Dose| Control¢ High Dose
1* 6.0 6.0 6.0 0.0 0.0
2 55 5.3 55 0.2 0.0
31 6.0 5.9 6.1 0.1 0.1
BEFORE—m 7.0 7.0 7.1 0.0 0.1
50 6.5 6.4 6.5 0.1 0.0
Median: 0.1 0.0
1° 6.0 5.9 5.4 0.1 0.6
2 6.0 6.0 5.0 0.0 1.0
3¢ 7.0 7.0 6.2 0.0 0.8
AFTER 4" 7.3 7.2 6.4 0.1 0.9
5" 6.0 6.0 5.0 0.0 1.0
Median: 0.1 0.9

In the results that follow, BACIP statistical testimggardless of which parameter is addressedill
follow the procedures just described. In addition to the BACIP statistical analyses, other inferential
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statistical tests (as well as descriptive statistical summaries) of data will be presented throughout.
Where we had prioriknowledge or expectations about an inferential test (e.g., we expect a particular
biometric to manifest higher values in the Afigeriod compared to Before) we ran oséled tests. We
have considered statistical tests significant whevatues are).05 and marginally significant when

>0.05 bubi).1. We selected this more graded alpdi@or significance threshold to help reduce beta

error. Beta error is important as it represents the chance of declaring a truly significant difference as
insignificant; if there is a reasonable chance that nutrients had an effect on the stream water quality or
biota, we want to be able taonsiderit. Because sample size of tievalues is low (often n = 4), the
remaining option to reduce beta error is to increase alpha error, whichble@ndone by considering

results to be at least marginally significant if p <0.1.

3.3LENGTHS OF TEEUDY REACHESIANTREAMFEATURES IN EABBACH

The BACIP design anticipates that the control and impact reaches are in fairly close proximity so that
they experience the same climate and weather, and that they be as physically similar as possible in
terms of geomorpholog geologyand hydraulics such that natural influences manifest in each reach
about the same way. All three reaches were contained within the one square2blehectare) state
ownedparcel Figure 32).

To establish reasonably similar reaches, in 2089dentified the proportions of riffle, pool, and glide
along Box Elder Creek within the state parcel, along stretches of the stream where we estimated the
study reaches were likely be placed. Along this longitudinal extent of stream (777 m), streanedeat
were identified every 3.05 m as either riffle, pool, or glide. The 777 m reach examined was found to be
15% riffle, 24% pool, and 60% glide.

Stream nutrient spiraling calculatioiewbold et al. 1981; Newbold et al. 1982; Ensign and Doyle 2006;
Mulholland et al. 2002; Kohler et al. 20083re used to approximate the stream length necessary for

the added nutrients to have time to be taken up by aquatic flora and microorganismis \wébh
experimental reach. Estimates were quite variable, but calculations indicated 200 m of stream length
wasappropriate

Based on the spiraling calculations, the goal was that each of the study reaches would be approximately
200 m in length and wodlencompass riffle, pool, and glide in proportions approximately equal to that
typical for the stream as a whole (i.e., 15% riffle, 24% pool, and 60% glide, per above). After carefully
reviewing the longitudinal extent of stream within the state parcetleeeach was identified. Ahe

transects where dataollection would be occurring, the layout of the Control Reach comprised 9% riffle,
18% pool, and 73% glide, whereas the Low Dose was 18% riffle, 18% pool, and 64% glide and High Dose
Reach was 18% rifl 27% pool, and 55% glide. The need to balance stream features against the realities
and constraints of the study area led to proportions of stream features that differed from the ideal and,

in addition, slightly varied reach lengths (Control Reach leofjitb0 m, Low Dose Reach of 200 m, and
High Dose Reach of 200 rihe three reaches were benchmarked and had reach midpoinb@460,
-104.1407, (Control); 45.845804.1387, (LoviDose); and 45.8514104.1414, (Higibose).

3.4ANUTRIENDOSINGFORMS OF THADDITIONSDOSHRATESAND THE
DELIVER®YSTEM

Two reaches (Low Dose, High Dose) each received different nutrient concentration additions. The intent
was to add nutrients to the Low Dose Reach at concentrations approaching but short of our best
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than this (about four times higher).

3.4.1 Determining the Chemical Forms and the Dosing Rates

We had to decide the form by which nutrients were to be aditie the stream. Because nitrate has

been shown to be a key limiting nutrient in Montana prairie stregBisplee 2004)and nitrate is known

to increase in regional ground and stream water due to human act{Mityick and Thamke 1998)

was concluded that nitrogen should be added as nitrate. Sodium nitrate (Nalk® dipotassium

phogphate (P source; KPQ) were selected after a revieaf what others have used in similar studies

(Perrin and Richardson 1997; Ferreiraetal. 2R06) f 2y 3 gAGK O2yaARSNI GA2Yy 27F
water chemistry. Sodiurand potassium concentrations are high in Box Elder Creek (about 305 mg Na/L

and 8 mg K/L during summer baseflow), and calculations showed that to elevate N and P to levels

suitable for the experiment the dissolved counter ions (Na and K) in the additioulsl imcrease

FYOASYG adaNBFY bl FYR Y o0& 7§ M2 ® dSoKtBe\KperinbidbwEe 1 KS O2
negligible. Further, the PQ& 2 f dzi A2y KIFIR | LI 27F F062dzi dpdnI GSNE

of 8.5. (In contrast, another cdidate P source, kKAQ, would have had a solution pH of 4.5.) Each of

the compounds was reasonably safe to transgportl storeandvery soluble in water, so concentrated

drip solutionscould beeasilymade

The scientific literature was consulted to der the dosing rates. A body of work in prairie streams from
the Konza Prairie Biological Station (Kansas) was the most applicable to Box EId€F &1ee8890;

Dodds et al. 1996; Kemp anads 2001; Kemp and Dodds 2002; Dodds and Oakes 2006; O'Brian and
Dodds 2008h Q. N&A | ¥y (200HfindtRaraRvichaelidlenten curve adequately desbes N

uptake by a stream, and the hal&turation constant (Ks) for their study stream was 27 ug N/L. Ks is the
concentration at which the soluble N uptake rate in the stream is half of the maximum (Vmax). In effect,
Ks is a nutrient concentration at W stream primary productivity is still constrained by nutrient
concentrations. At approximately five times Ks, nutrients are reported to be saturated and further
increases in nutrients will not further increase Vng@kapra, 1997)Also considered was a large number
of laboratory and fielederived Ks values for algae (phytoplankton and benthic algae); the median Ks for
that dataset was 67 pg N{United States Environmental Protection Agency 1986g median Ks for
soluble P for the same EPA dataset was 15 hgHiese and other information were considered in
developing the following:

U The dose rate for the Low Dose Reach was targeted to achieve 404/INé&nd 6 pg SRP/at
the headwaters of the study reach. These concentrations included the ambient siesamd P
concentrations, which were about 3 ug NR/L and 4 ug SRP/L (2009 data). We assumed
complete mixing near the point of nutrient addition. (It was not expected that 40 pgNMIO
and 6 pug SRPikould persist to the end of the 200 m study reach; tasget concentrations
were the goal at the headwaters, after mixing.) The final soluble N:P ratio would be 6.7 (by
mass), close to the Redfield ratb 7:1(Redfield 1958)which provided balanced resource
availability (i.e., neither N nor P would be strongly limiting).

0 The dose rate for th High Dose Reach was targeted to achieve 150 egNNOand 23 pug SRP/L.
Again, this was the target for the reach headwaters after mixing and included natural
background. We included an estimate of residual nitrate that would arrive to the headwaters of

“AlSRP (solthS NBF Ot A S LIK2ALK2NHzEO O2yOSyiN} GA2ya RAZOdzEaSR
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the High Dose Reach due to the dosing of the Low Dose (it was assumed no residual P would
arrive to the High Dose Reach). We assumed an additional 2 ptl/N@bove ambient
background for this purpose. The target dose rate should have, theoretically,Hirthey

stream close to N saturation (i.e., five time Ks). The selected dosing concentrations were
intended to maintain a soluble N:P ratio at 6.5 by weight, very close to Redfield ratio and
therefore providing balanced resource availability (i.e., neitdaror P would be strongly

limiting).

3.4.2 Nutrient Delivery System

The nutrient dosing equipment comprised two polyethylene tanks at each experimental reach, one tank
for NaNQ solution and one for 1PQ solution Figure 33). Each tank was color codéathite and blue

for N and P, respectively). The solution concentrations used are sholabia 32. The reduction in P
solution strength at the Low Dose Reach on August 23, Zldltld 32) wasnecessary because

declining stream flow could not beatchedby simply reducing the P delivery rate (the delivery rate was
already very slow). Batches of nutrient solution were made offsite by weighing MaMBIPQ using

an Ohaus 1&g balance (0.5 g readability), dissolving the salts in appropriate volumestidédiwater

in carboys, and then transporting the carboys to the site to fill the tanks. For quality control, soluble
nutrient samples were collected directly from the filled High Dose and Low Dose tanks on 3 different
dates throughout the study and praled to the MontanaDepartmentof Public Health & Human

Servees (DPHHS) Environmental Laboratory for analysis.

Table 32. TargetConcentratiors of Nutrient Salt $lutions inthe DosingSupply Tanks foreach
Experimental Reach.
The equivalent grams of & P per liter provided by each solution are also shown.

Experimental Reach
LowDose HighDose
Time Period grams | g N/L| grams g P/L grams | gN/L | grams | gP/L
NaNQ/L K:HPQJ/L NaNQ/L K:HPQJ/L
Aug8"to Aug 2% | 300 | 49.4 25 4.45 400 65.9 50 8.89
Aug 2% onward 300 49.4 15 2.67 400 65.9 50 8.89
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Figure 33. The Nutrient Supply Tanks for the High Dose Reach.
Note that the tanks are located on a high terrace above the stream, allowing gravity fées sflutions to the
instream drip assembhA similar arrangement was established for the Low Dose Reach.

Figure 34. Thutrientdripper Assembly, Located Midhannel at the Head of a Riffle.
The assembly comprised an N supply line and a P supg)ycbntrol valves, and a perforated PVC tube into which

the two solutions dripped. It was secured by a fencegmsinded intomid channel.

Figure3-3 shows the tanks on the terrace above the High Dose Reach, surrounded by stock panels to
prevent interference by cattle and wildlife (Low Dose tanks were similarly protected). Nutrient solution
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was delivered to the stream by gravity féada Y2 inch ID raforced vinyl tubing which was buried

about 15 cm underground. Near the stream, the vinyl tubing was also placed inside PVC pipe to provide
extra protection from hoof shear or potential stream scour. The vinyl delivery tubing (inside PVC pipe)
was buried ader the streambed until mighannel. At miechannel, the vinyl tubes remerged, were
attached to needle valves used to control the drip rate, and theditionalvinyl tubing wasplaced on

the delivery side of the needle valves and placed insigerforated PVC tube. The entire assembly was
attached to a fencepostHgure 34, previous page, angigure3-5). The perforated PVC pipe allowed

the nutrient solutions to drip into the stream without the possibility of being licked by cattle or wildlife.
The lengths of vinyl tubing on the delivery side of the needle valves were cut (and periodically adjusted)
so that they ended just above the water surface; this assured that dripped solution made it to the
stream and did not dry on the sides of the PVC pipdyHEasts with colored dye showed that stream

flow very rapidly washed the dripped solution out from the inside of the PVC tube and into the stream.

Needle Valve ?

Vinyl tube
to nutrient tank

Perforated PVC pipe
attached to fencepost

PVC pipe buried under the bank and
PVC pipe streambed

Figure 35. Crosssection Diagram of thenstreamNutrient-dripper Assembly.

For simplicity, only one vinyl nutriewtelivery tube is shown gidethe perforated PVC pipe, but situboth were
there. Lengths of the vinyl extension tubes on the delivery end of the needle valves (inside thateerfevC
pipe) were maintained just above the water level, as shown.

The experiment assumed nearly instantaneous mixing of stream water and dripped tank solutions, so to
achieve this the location of the dripper arrays and the positioning of the bod/Hgh Dose reaches

were carefully selected. For both the Loand High Dose reaches the most upstream reach feature was

a riffle, and the dripper arrays were placed in the stream just upstream of these riffles to provide fastest
mixing.

¢KS Glyl1a 6SNB G FANAIGMTarYiFLRZE)WUNES frovitedconatdt dip ratesi S Q& o2 G G f
regardless of changing liquid levels in the tanks. However we found that the Mariotte configuration only works for
rigid-walled vessels and was not practical for plastic tanks, and therefore switched to gravity feed.

05/11/16 Final 3-9



Whole-stream Nitrogen and Phosphorus Addition Study to Identify Eutrophication Effects in a WaPBeaibile
Streant Section 3.0

3.4.3 Regulating theNutrient Dose Rate

Drip rates from the tanks to each experimental reach were varied according to stream flow in order to
maintain the target dose rates. We assumed that background nutrient concentrations in the stream in
2010 would be similar to what waseasured in August and September 2009 (3 pg-NQ and 4 g

SRP/L), and also assumed (as noted above) a slightly higher N background §8\iig) M©the head of

the High Dose Reach to account for residual nitrate from the Low Dose Reach. In 2009 we=cheas

flow repeatedly at a location in the Low Dose Reach and at a location in the High Dose Reach and found
no significant difference between them (p = 0.129; pair¢elst). As a result, we only made flow
measurements in 2010 in the Low Dose Reach buliegpphe measured values to both study reaches.

Flow was measured regularly during the dosing period (Au@atbber 2010), on average about every

four days. A computer spreadsheet had been developed which, when stream flow was input, provided
the drip rate needed to maintain the target dosages. Using a laptop and the spreadsheet, the
appropriate drip rates were determined (based on the most curremtiasured stream flow) and then

the drip rates were adjusted via the needle valves. At the stream, at@gudrimental reach, the N and

P drip rates (ml/min) were measured using a graduated cylinder for drip volume and a wristwatch with a
second hand for time. Drip volumes/times were measured at least twice before locking the valve in
position.

3.5DATACOLLECTION

A full suite of physical, chemical, and biological data collections was undertaken during the study.
Methods for each are described below.

3.5.1 Physical Measurements

Stream flow was obtained using a MailgleBirney FlowMate meter set to thirsecond averaging, with
the velocity measurements being taken at twenty equaliaced points across the channel using the 0.6
m depth method(Rantz 1982)Flow was measured a total of thirty three times from 2009 to 2011,
twenty one of those being taken in 2010 alone, during the nutrient dosing.

The main reach features of each experimental reach (riftbe], glide; se&ection 3.3 were

documented each year of the study. Basic wetted channel geometry was also quantified annually, in late
SeptemberTo do this, seam depth was measured at five equidistant locations aceashsampling
transect(i.e., transects A to Kyithin each study reach, and stream width at the same locations was also
recorded. However, in 2009 these measurements were only collected from three longitudipatied
transects in the Higibose reach and four longitudinafpaced transects in the Control and Low Dose
reaches.

Weather data were collected during summer and fall all three years of the project using a HOBO
Weather Station and Logger. The station recorded air temperature, wind speed and direction, solar
radiation, and relative humidity. The centeof the anemometer cups were positioned 2 m above the
ground surface and the station referenced to true north. The station was placed in the same location all
three years, near the upstream boundary of the Control Réaeim open grassy area with no trees or
large topographic features in the immediate vicinity.
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3.5.2 Chemical/Water Quality Measurements

In all three years of the study, watguality data were collected from each of the study reaches
(Control, Low Dosé{igh Dose). In 2009 and 2011, water samples were collected near the middle of
each study reach. In 2010, watquality smpleswere collectedtowardsthe downstream end oéach
experimental reacho capture the largest#ect of the treatmens (i.e., colletion occurred at or very

close to transect A in each reach). In addition, in 2010, data were collected just upstream of the
headwates of the High Dose Reach during nutrient dosimgrder to document arriving water quality
and to ascertainf any residal nutrients from the Low Dose Reach (located upstream) were influencing
the High Dose Reach.

Soluble Nutrientg-or nitrate + nitrite(NGs..5), ammonia, and SRP samphes]l-mixed stream water was
collected andiltered through a 0.45 um filtefThen,250 ml ofthe filtrate wasplaced in a HDPE bottle
and frozen until analyzecdummary information is iflable 33. Filtrationwasaccomplished with a large
syringe connected to a dispdda filter capsule. A small amount of deionized water followed by alsmal
amount of the samplevaswasted through thed.45 umfilter before the filtered samplavascollected.

All reusable geawrvasacid washed (10% HCI) and triple rinsed in deionized water betweenAlbes.
sample bottlesvere new orwere acid washed in 10% H&ldtriple-rinsed in deionized water. Sample
bottles were pre-rinsed with a small amount of the filtered sample before collecting the final filtered
sample All samples were analyzed by the DPHHS Environmental Laboratory in Helena, MT.

Total NutrientsTSS TDS Turbidity, Common lons, and Biochemical Oxygen Demand @@Dhary
information is shown iTable 33; all samples were collected from wellixed parts of the stream. A 250

ml HDPE bottle was collected for TP andahllwas immediately frozerCommon ions were collected

in two 250 ml HDPE bottles and held on ice (not frozen). One bottle was analyzed for cations (including
hardness and cation/anion balance) and the other for anions (including total alkalinity). The cation
sample was preserved wimitric acid and held on ice, while the anion sample was held on ice without
acid preservation. TSS, TDS, and turbidity were collected in a 1000 ml HDPE bottle and held on ice (not
frozen).All sample bottlesvere new orwere acid washed in 10% H&lidtriple rinsedwith de-ionized

water. Five day biochemical oxygen demand (§@Bmples were collected in 1000 ml HDPE bottles and
held on ice (not frozen), and delivered to the analytical laboratdtiiin 48 hrs All samples were

analyzed by the DPHHS Eamimental Laboratory in Helena, MT.

Sestonic CNP sampld@® measure sestonic (suspended particulate) carbon (C), N and P cdmizmh
volumes ofstreamwater were filtered through GF/F filterg&or each sampling event at least one filtered
samplewascollected from each study reach (in some cases duplicates were collectelddingthe site
just upstream of the Higlbose reachvhich was only sampled in 2018mples were stored in 50 cc
centrifuge tubegor in small petri disheg)n ice (not frozen)For each study reachgaal volumes of
water were filtered ora pair offilters. Vacuum on the filters was kept below 9.0 inchegdHgrevent
cell rupture and loss of their contents into the filtra@/etzel and Likens, 1991Atthe LCGNater
Laboratory in Helenayne of the filters (for C & N analysispsplaced on a filter holder and rinsed with
10% HCI untit stoppedfizzirg, to remove inorganic carbonatédieuwenhuize et al., 1994yifty ml tap
water was thenpulled throughthe filter to remove the acid, anthe filter wasdried at 105°C.The
remaining filter(for P analysisyjasdried directly.Dried CNP samples weraalyzed by the Agricultural
Analytical Services Laboratory at Penn State University, State CollegadRA33). Lower reporting
limits for sestonic CNP varied by the volume filtered, and ranged as follow&16 to 1.08 mg/l
(median: 0.26 mg/l); N 0.10 to 0.72 mg/l (median: 0.17 mg/l); and B to 38 pg/l (median: 8 pg/l).
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Table 33. Analytical Methods and Lower Reporting Limits for Nutrients and Other Samples

Analyte Method Lower Report Limit

Total PhosphoruéTP) EPA 365.1 1 g/l

TotalNitrogen (TN) Standard Methods 45008 B or C 50r 10 pg/l

Nitrate + Nitrite (N@+NQ-N) EPA 353.2 lor5 g/l

Total Ammonia (NENH,-N) EPA 350.1 5 ug/l

Soluble Reactive Phosphorus (SRP) EPA 365.1 1 g/l

Total Suspended SoliESS) EPA 160.2 1000 pgl

Total Dissolved Solid$DS) EPA 160.1 1000 pg/l

Specific Conductance Standard Methods 2510 B 1 pmho/cm

Sulfate EPA 300.0 1000 pg/l

Chloride EPA 300.0 1000 pgl/l

Alkalinity (Bicarb., Carb.) EPA 310.2/A2320 B 1000 pg/l

Calcium, Magnesium, Potassiugodium | EPA 200.7 10 or200 pg/l

Total Hardness as Cag O Standard Methods 2340 B (Calculated)| 1000ug/I

Sodium Absorption Ratio (SAR) Calculated

CationAnion Milliequivalent Standard Methods 1050 A

BODR Standard Methods 5210 B 4000 pg/l
Variable, dependent on

Chlorophylla, corrected for pheophytin | Standard Methods 10200 H area sampled/volume
filtered

Ash Eree Dry Mass (AFDM) Standard Methods 10300 C (5) 0.01 g/nf (hoop) and 0.8
g/m” (template)

Sestonic Carbon and Nitrogen High temper&ure induction furnace* Varlable,. dependent on
volume filtered

. Ashing followed by molybdate P Variable, dependent on
Sestonic Phosphorus YSGK2RMU volume filtered

*American Society of Agronon{§998)
W(Solorzano and Sharp, 1980)

Continuous Monitoringia Deployed Instrument&.ellow Springs Instruments (YSI) 66081\s»ndes

were deployed all years of the study and were the principle means by which temperature, dissolved
oxygen, pH, conductivity, and turbidity were measured in the stream. Logging waisl€eminute

intervals. In 2009 one sonde was placed in each reach (Control, and what would become thad.ow
High Dose reaches), and the sondes were located near the middle of each study reach in glides with
laminar flow. In 2010 the Low Dose and Higis®reaches each received two sondes; one placed in the
same location as in 2009, and another near the terminus of the 200 m study reach. The Control Reach in
2010 received one sonde at the same location as 2009. In 2010 (during dosing) a sonde waatatso lo
just upstream of the High Dose Reach in order to monitor water quality as it arrived to the headwaters
of the High Dose Reach; the intent was assess any residual water quality effects from the Low Dose
Reach (located upstream). In 2011, each of tire¢ study reaches again received one sonde each, in
the same locations as in 2009.

{2YRSa 6SNB RSLIX 2tgp&Sphatiodais thst Belddha soddbsEnShaofizontal position 12
cm off the streambedRigure 36). Sonde probes always faced the reathe deployer. There was one
exception to the use of the sturgedype deployers; in 2010 the downstream sonde of the High Dose
Reach was deployed vertically on a ralthnnel fencepost, with its probes positioned at a comparable
depth from the streambottom.
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Figure 36. ¢ K S0 daNH Soadydeployer.
(A) Looking from the back towards the front. (B) Looking at the unit from the front, where there is a large deflector
which faceghe oncoming flow.

Quality Control for YSI calibration and allowable drift from calibration for the measured parameters are
detailed in Section 4.0 of tharoject QAPPAppendixA). During deploymenthe sondes were inspected
and cleaned routinely (especially in 2010) tolase failed probes, recalibrate as necessary, and to clear
the instruments of any biofouling that might have interfered with the measuremérdble 34 shows

the deployment, cleaning/servicing, and retrieval schedule for deployed YSI sondes for atff ykars
project.
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Table 34. Deployment, Cleaning/Servicing, arkinalRetrieval of YSI Sondes During the Study.

Year, Sites, and Date of Activity
YSI Activity 2009
Control Low Dose | High Dose
Deployment| 25-Jul 25-Jul 25-Jul
Cleaning/Servicg 31-Aug 29-Aug 29-Aug
Retrieval| 27-Sep 27-Sep 27-Sep
2010
Control Low Dose Just upstream High Dose
Upstream | Downstream of High Dose | Upstream | Downstream
Deployment| 18-Jul 17-Jul 17-Jdul 30-Jul 17-Jul 17-Jul
Cleaning/Service 23-Aug 24-Aug 23-Aug 24-Aug 24-Aug 24-Aug
Cleaning/Servicg 9-Sep 7-Sep 8-Sep 8-Sep 7-Sep 8-Sep
Cleaning/Servicg 24-Sep 24-Sep 23-Sep none 24-Sep 24-Sep
Cleaning/Servic none 5-Oct none 5-Oct 5-Oct 5-Oct
Retrieval 8-Oct 8-Oct 8-Oct 7-Oct 7-Oct 7-Oct
2011
Control LowDose High Dose
Deployment| 26-Aug 26-Aug 26-Aug
Cleaning/Servicf  none 22-Sep 22-Sep
Retrieval| 24-Sep 24-Sep 23-Sep

3.5.3 Biological Data Collection

In5 9 v Qa bi¢ldyitallatacollection(e.g., benthic chlorophyd, macroinvertebrates) is undertaken
at 11 transects evenly spaced along a defined reach. A reach is normally defdiihass the wetted
width, with the wetted width being measured near miglach. For this study, we modifi@E@ & - m m
transect method sdhat (1) the transects and data collection were kept within gne-defined150 m
(Control) or 200 m (Low Dose, High Dose) reaches rather than be defind®asfaY Sa G K S
wetted width, and (2) the 11 transects were placed along each reach sthihédrgeted reackeatures
would be sampled.SeeSection 3.3For a discussion of the proportion of stream featuresffle, pool, or
glidet at the Box Elder Creek study sitBgcause we targeted reach features, transects were not always
evenly spaceavithin a study reach; however, transect spacing was optimized to provide as much linear
distance between each transect psssible while still capturing the targeted stream features.

a0GNBI Y

3.5.31 Benthic Algae, Macrophyte, and Periphyton Collection, Observatang Data
Analysis

Other than the changes in reach layout described at the sta®eation 3.5.3aquatic flora were

collected per Department SORdontana Department of Environmental Quality 2011Bgginning at

the mog downstream transect in each reach, samples were collected moving upstream follawing
right-left-centerrepeat process. Benthic algal chloroplaf{lChh) andash free dry mas#AEDN were

collected at each of the eleven transects and for this study we also kept the macrophytes (when
encountered) for determination of chlorophyland AFDMHowever, we did not analyze or report

AFDM data for angamples collected via theore method asthesesamples mostlgontain previously
RSL2AAGSR 2NEBFIYAO YFUSNAIESES y24G GKS OdzZNNByld &SI NR
samples were kept separate from other transect samples, and were immediately frozen on dry ice and
protected from ight. In addition, a duplicate of the reaetide quantitative floral biomass was collected

at the Low Dose Reach in September 2009. This involved collecting the 11 benthic flora biomass samples
along the reach using the righeft-center method, followed ¥ a repetition of the entire process but
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starting from a different initiation point (right bank for the first sampling, center for the duplicate); by
doing so duplicates were not collected at the same spot. All benthic algal biomass samples were
analyzedn the laboratory of Dr. Vicki Watson (University of Montaffdiere, Cld was determined with
hot ethanol extraction followed by spectrophotometric measuremésdrtory and Grobbelaar 1984)
and AFDM via standards metho@smerican Public Health Association, 199&wer reporting limits for
benthic Chavary according to the surface area sampl@difle 33), and ranged from 0.1 mg @hh?

(all hbop samples) to 2:18 mg Ctd/m? (for templates and cores).

Visual assessments of stream bottom floral biomass were undertaken at all 11 transects in each study
reach and this work corresponded in time with the quantitative data collection describedkalbd each
transect, the observer used a standard form from the §@&htana Department of Environmental

Quiality 2011hjand found at the end oAppendix Ato evaluate percent cover, dominant color, and

growth status oflant groups (microalgae, filamentous algae, macrophytes, and moss), and also to

record microalgae thickness and filament length of filamentous &lgae visual evaluation was carried

out at a much broader scale compared to the quantitative biomassatie as the observer

considered the condition from right bank to left within a 10 m long-sedich centered on each transect

(5 m upstream, 5 m downstreaof the transec}. Priortodatal y I f @ aA a3z GKS F2N¥Qa vy d
were transformed as follows: plant cover ratings4(lwere converted to the midpoint value of the
associatedoranges (e.grating levell became 5%, 3 became 39.5%); microalgae thickness descriptors
(Thin, Medium;Thick) were converted to 0.25 mm, 1.75 mm, and 3 mm, respectively; filamentous algae
length (Short, Long) was converted to 1 cm and 2 cm, respectively. In most cases (68%), notes were also
taken regarding the actual length of filamentous algae filamemisere recorded, the maximum lengths

of filaments were substituted for 2 cm (2 cm being the default value associated with Long filaments).

Qualitatively collected periphyton samples were obtained from the same locations where the benthic
chlorophylla sub-samples were collected, and these samples were composited into a singlewaseh
sample bottle and preserved with@% formalin solution (final concentration). Samples were submitted
to the Philadelphia Academy of Natural Sciences for enumeration ebedfed algae and diatom
species following DEQ methofdontana Department of Environmental Quality 2011a)

For all samples (and observations) described in this subsection, in 2009 sampling occurred four times
between July and the end of September. Duringrth&ient dosing phase of the study in 2010,

sampling occurred about every two weeks starting in late July. In 2011 sampling occurred twice (August,
September).

3.5.32 Phytoplankton Chlorophyll a

Stream water samples for phytoplankton chloroptaiere collected in each study reach at times
corresponding to the collection of benthic algae describe8ention 3.5.3L. Duplicate samples were

filtered on to GF/F filters (vacuum held below 9 inches Hg), immediately frozen on dry ice, and protected
from light. Samples were analyzed by the same laboratory and method used for benthic algae. Samples
were analyzed in the laboratory of Dr. Vicki Watson (University of Montana). Lower reporting
limits/detection limits for phytoplankton Calvary according to the yome filtered Table 33) and

ranged from 2.5 to 10 ug Giil (average lower reporting limit: 4.6 ug @H).

® The visual assessmepitocess was enhanced in spring 2010 to its present form, as found in the cited SOP and at
the end ofAppendix A The earlier form (used only in 2009) did not contain categories for floral color, growth
status, microalgae thickness, or filamentous algagtlen
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Chlorophylla was also monitored by each of the deployed YSI 6600 sondeSé¢stien 3.5.2.

Howeverm he YSI sonde Ghineasurements are relate, however, and need to be calibrated against
field-collected water sampl€hh results from the same locations. Instrument drift for the YSI
chlorophylla measurements were determined using Rhodamine WT as the initial and final calibration
testingdye.

3.5.33 Macroinvertebrate Collectiorand Data Analysis

All macroinvertebrate samplegere collected followingddepartment SO$(Montana Department of
Environmental Quality, Water Quality Planning Bureau 2606 EMAPreachwidesampling protocos
(Lazochak et al., eds., 1998)ut with the modification destbed at the start ofSection 3.5.3The
macroinvertebrate samplesere collected from the same transects (but not the same locations on each
transect) as the periphyton sampledamplesvere provided to a DE@pproved laboratory for
identification and couating (RhithronAssociates, Missoula, MTh addition to standard taxa IDs and
counts, sampleseceived aradditional sorting of an equivalent number of grids, followed by ashing of
the macroinvertebrates from thextragrids.Theseprovide macroinvertelate biomass per unit area of
stream bottom (g AFR/m?). In 2009 sampling occurred three times (Jy§eptember). In 2010 five
sampling events were completed, one (July) in the Before period and four in the After period. In 2011
sampling occurred twice (gust, September).

The expected response of individual taxa to nutrient dosing was estimated based on their Montana
tolerance valuegMontana Department of Environmental Quality, Water Quality Planning Bureau.2006)
Taxa with tolerane values between 0 and 5 were categorized as decreasers (i.e., they were expected to
decrease in number as a response to nutrient dosing), and those with values from 6 to 10 as increasers.
The expected response of macroinvertebrate metrics and harmsethresholds was based on DEQ
SOPgMontana Department of Environmental Quality, Water Quality Planning Bureau.2006)

It resulted that many taxa (e.g., Baetis sp., Heptageniidae) were not consistently observed during paired
sampling events (e.g., Baetis sp. was counted in the Corgeali_Rsample of 7/25/2009, but not found

in the Low Dose Reach sample on the same date). As a result, there were fewerdvahadls for

individual taxa, reducing the power of the BACIP statistical testing. As an operational minimum, at least
three D values in the Before period and three D values in the After period was considered necessary to
run MannWhitney tests for individual taxa.
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4. 0RESULTS

4. 1WEATHER

¢KS .1 /Lt &.SF2NBE YR a! FGSNE adGlraraidpaOiPt Iyl fea
example Table 31). 2011 data are considered follewp/recovery data. Therefore, weather data

summaries are provided here in two sets (2009 and 2010 data, and 2009, 2010, and 2011 data) so that
weather conditions specific to the BACIP period camib&ed on their own accord. The 2009 and 2010

data summaries cover a longer record (two months), extending from late July to the end of September

in each year, as shown Trable 41 andFigure 41. The only common time period for weather data

across all thee years of the study was August”26 September 2% (less than one month), and these

data are shown iTable 42 andFigure 42.

Table 41. Weather Conditions in 2009 and 2010. Data are the averages for the date range shown

Year Date Range Air Tengperature Solar Radiat;on Devg Point
(C) (umol quanta/m‘/sec) (C)

2009 7/29 to 9/28 17.6 956 8.4

2010 7/29 to 9/28 17.2 1004 9.2

WEST

WIND SPEED : WIND SPEED

gS)>- 111 o g

= 2?18181 ) E >&:,(;-11111
SOUTH M 657 SOUTH [ i; 2:

SR SR

Calms: 553% Calms: 3.55%

Figure 41. PairedWind RoseData for Box Elder Creek, 7/29 to 9/28, in 2009 and 2010
Left panel, 2009. Riglpanel, 2010. Wind direction vectors are shown as blowing to.

Table 42. Weather Conditions in 2009, 2010, and 2011. Data are the averages for the date range
shown.

Year Date Range Air Terpperature Solar Radiat;on Dev:)/ Point
(°C) (umol quanta/m‘/sec) (C)
2009 8/26 t0 9/24 17.8 926 8.0
2010 8/26 t0 9/24 14.0 830 7.3
2011 8/26 t0 9/24 15.3 984 5.8
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Figure 42. WindRoseData for Box Elder Creek, 8/26 to 9/24, 2009, 2010, and 2011.
Upper left panel, 2009. Upper right panel, 20L6wer Panel, 2011. Wind direction vectors are shown as blowing
to.

In the time period during which the bulk of the nutrient dosing occurred (August and September 2010),
weather conditions were, on average, quite similar to the same time period in da0®% 41; Figure 4

1). Average air temperature, depoint temperatur€, and solar radiation were all very similar; 2010 was
somewhat sunnier, with fewer overcast days as indicated by the higher solar radiation value. Prevailing
winds usually blew from theouth to the north at low velocities, whereas highariocity winds in both

years generally came from either the southeast or northwest in roughly equal measure. 2010 tended to
be windier and with a greater proportion of higielocity winds.

Late Augusto late September data for all three yeaiaple 42 andFigure 42) show somewhat more
variability. Wind speed and direction in 2010 in particular was more variable, whereas both 2009 and
2011 showed a fairly substantial proportion of lewlocity vectos blowing to the north or north

northwest. 2009 was somewhat warmer, whereas (based on dew point) 2011 somewhat drier than the

other two years of the study.

" For comparison, the dew point in Houston, Texas (a hot, very humid city) is often arod@¢\@Bereas at the
Box Elder Creek study site it was usually arou?@; $hus, the air at the study site was much drier.
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4.2 CHANNEIGEOMETRY ANBrREAMH.OW
4.2.1 Wetted Channel Geometry

Average wetted widths and depths for the study reaches for each year of the study are shbabidn

4-3. Values reported from 2010 and 2011 are more accurate than 2009, because they are based on all
eleven transects from each study reach. Wetted chanimakdsions varied somewhat from year to

year, in part due to variations in flowd#ble 43) but also due to observed morphological changes that
occurred in spring 2011. At that time, a very large spring flow event occurred which moved the channel
within itsfloodplain. At some locations, laterahannelmovement was at least 1 to 2 m, based on bank
pins which had been placed in 2009. Overall water depth of all three reaches across the study period
was fairly similar (ca. 24 cm, on average), and was newethas 18 cm.

Table 43. Wetted Channel Geometry for the Three Study Reaches, Z0AL.

Average Wetted Average Water
Study Reach Year Measurement Date | Flow (n13/sec) Width (m) Depth (cm)
Control 2009 9/29/2009 0.07 11.6 25
Control 2010 9/22/2010 0.18 9.1 18
Control 2011 9/24/2011 0.2 114 30
Low Dose 2009 9/29/2009 0.07 8.7 19
Low Dose 2010 9/22/2010 0.18 9.3 25
Low Dose 2011 9/24/2011 0.2 11.2 35
High Dose 2009 9/29/2009 0.07 12.3 28
High Dose 2010 9/22/2010 0.18 10.7 21
High Dose 2011 9/24/2011 0.2 15.4 21

4.2.2 Stream Flow

Measured stream flow ranged from 0.07 to 2.6/sec. A higkflow event occurred towards the middle
of July 2010 which due to safety concernswas too high to measure, but we estimated that it may
have peaked atoughly 15 n¥sec. Midsummer to fall baseflow was commonly around 0.%sec,
however 2009 showed lower flows than the other years, and averaged 0/$2an
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Table 44. Stream Flow Measured in Box Elder Creek during the Study.

YEAR
2009 2010 2011

Date Flow (n/sec)* Date Flow (nTk & S Date Flow (mk & § §
25-Jul 0.18 26-Jul 2.01 27-Aug 0.39
12-Aug 0.18 27-Jul 1.30 24-Sep 0.22
30-Aug 0.09 28-Jul 1.14
15-Sep 0.06 29-Jul 0.74
28-Sep 0.07 30-Jul 0.59

31-Jul 0.59

1-Aug 0.53

7-Aug 0.31

9-Aug 0.29

22-Aug 0.17

24-Aug 0.14

27-Aug 0.13

1-Sep 0.11

7-Sep 0.17

9-Sep 0.14

19-Sep 0.19

22-Sep 0.18

24-Sep 0.31

26-Sep 0.23

1-Oct 0.22

5-Oct 0.13

*Average of paired values measured at the Low Dose and High Dose reaches.
uaSlkadzNBR G GKS [2¢6 52aS8S wSl OKo®

4.3 CHEMICAIW ATERQUALITYWEASUREMENTS

This section covers the gralample wateiquality measurements of the study. Continuousignitored

data will be covered in the next section. Unless reported otherwise, data handling included converting
all belowdetection values to ¥ their reporting limit prior to inclusion in statistical sumeséSuplee et

al. 2007) and reducing to a single average value the routine and-fiefdlicate samples (i.e., those
collected at the same study reach at the same time) prior to inclusion in monthlynolahaverages.

4.3.1 Quality Control Check on the Nutrient Solutions in the Dosing Tanks
Laboratoryanalyzed nutrient concentrations from samples collected from the nutrilasing tanks

were compared to the calculated tank concentrati@scomputedfrom the solution preparations.

Similarity was quite good, as the percent difference between the two was always less than 10% and was,
on average, about 5% @ble 45). In almost all cases the tank solutiorisased on the laboratory
measurements were at abwer concentration than the calculated concentration.

Later in this document we will report the nutrient concentrations achieved in the bod High Dose
reaches resulting from the mixing of dripped tank solutions and ambient stream water. Whenever
possble, we will make these calculations using the average concentrations measured in the tanks (i.e.,
the laboratoryanalyzed values) instead of the calculated concentrations, as we believe the directly
measured tank concentrations atlee mostaccurate.
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Table 45. Percent Difference Between Calculated and Measured Nutrient Concentrations in the

Dosing Tanks.

. Tank Calculated Tank Measured Tank
Experimental : . . . Percent
Reach Tanks Sampling Tank Nutrient Concentration Concentration Difference
Date (g NorP/L) (g NorP/L)
Low Dose 8/29/2010 NO;as N 49.4 45.8 -7.3%
Low Dose 9/25/2010 NO;as N 49.4 46.1 -6.7%
High Dose 8/9/2010 NO;as N 65.9 61.9 -6.1%
High Dose 9/25/2010 NO;as N 65.9 62.0 -5.9%
Low Dose 8/29/2010 PQasP 2.67 no data n/a
Low Dose 9/25/2010 PQasP 2.67 2.55 -4.5%
High Dose 8/9/2010 PQasP 8.89 9.18 3.3%
High Dose 9/25/2010 PQasP 8.89 8.72 -1.9%

4.3.2 Common Waterquality Parameters

Box Elder Creek was dosed with fairly low concentrations of nutrients, and it was expected that the
counterions of the nutrients salts (potassium, K, and sodium Na) would have no measureable effect on

GKS A0NBIYQa FYoASYy(l femdsdedectoi3.4iLKa cofirmRhisi2a1®df SR O2
measured concentrations of K and Na are here compared between the Control Reach and the two
experimental reaches. We evaluate K and Na concentrations using the BACIP statistical design. For K, in
2010 duringdosing (i.e., the After period), concentrations in the Control reach averagedng9in

the Low Dose reach they average®4 mg/l, andin the High Dose Reach they averaged 7.82 mg/L.

Based on BACIP analysis, there was no significant difference in K concentrations between the Before and
After periods (onesided ManAWhitney test;Table 46) for the Low Dose and High Dose reaches.

For sodum (Na), results were nearly identical. During 2010 dosing the CeatrdlLow Dose reaches
averaged 301 and 296 mg/L, respectively, and the High Dose Reach averaged 294 mg/L. The BACIP
analysis indicated there was no significant difference in Na coret@ns between the Before and After
periods (onesided ManAWhitney) for either the Lowor High Dose reaches. These data confirm our
pre-study expectation that the added nutrient salts would have no measurable effect on the background
K and Na concentrans in the stream.

Table 46. BACIRarrayed Potassium (K) Data for the Control, Low Dose, and High Dose reaches.

. Sampling Low High Difference (D) Difference.(D)
Date Period Event Control Dose Dose Control- Low Control- High
(mg/L) (mg/L) Dose Dose
7/24/2009 Before 1(2009) 7.925 7.88 7.88 0.045 0.045
8/12/2009 Before 2 (2009) 8.135 7.81 8.25 0.325 -0.115
8/29/2009 Before 3 (2009) 8.235 5.86 8.28 2.375 -0.045
9/26/2009 Before 4 (2009) 8.05 7.99 8.11 0.06 -0.06
7/16/2010 Before 5 (2010) 9.8 10.6 10.1 -0.8 -0.3
8/25/2010 After 1 (2010) 8.41 8.44 8.31 -0.03 0.1
9/7/2010 After 2 (2010) 8.19 7.98 7.7 0.21 0.49
9/22/2010 After 3 (2010) 7.37 7.39 7.45 -0.02 -0.08

Other common watequality measurements were made as well (alkalinity, carbonate, bicarbonate,
hardness, sulfate, chloride, total dissolved solids (TDS), and total suspended solids (TSS). A review of
these waterquality parameters indicated that they did not vary in any obrgiway among the three

study reaches during the dosing period in 2010, and were generally similar among the three study
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reaches during any given sampling event. Met@hmonth variation was noted, undoubtedly driven by
variables in the watershed (flow chges driven by precipitation events, for example). Since dosing had
no apparent effect on these variables, for brevity, the annual averages for these common parameters
are presented only for the Control Readtable 47).

Table 47. Statistical Summaries foEommonWater-quality Parameters in the Control Reach
Concentration dta shown are the annual average, followed by minimum and maximum in parenthes
Data were collected between July and October of each year.

Water-quality Sample Size (by Concentration (by year)
Parameter year)
(and units) | 2009 | 2010 2011 2009 2010 2011
Total
suspended 4 5 2 17 (1026) 19 (1424) 10 (1610)
solids (mg/L)

Total dissolved 4 5 5 1144 (911 1142 (1040 1488 (1465
solids (mg/L) 1345) 1210) 1510)
Hardness (Ca,

Mg) (mg/L ) 4 5 2 242 (229258) 276 (242384) 353 (349353)

Total alkalinity

(mg/L as 4 5 2 434 (346527) 412 (315486) 474 (462485)
CaCg@)
Carbonate
(mg/L as 4 5 2 27 (148) 28 (643) 29 (2534)
CaCQ)
Bicarbonate
(mg/L as 4 5 2 407 (334480) 383 (298444) 444 (428460)
CaCQ)
Sulfate (mg/L)| 4 5 2 520 (446598) 535 (477627) 689 (669708)
Chloride
(mg/L) 4 5 2 7 (49) 7 (69) 10 (1610)

As has been observed in previous years, Box Elder Creek was a sofatendominant stream during

the study, with strong buffering capacity (total alkalinity > 400 mg/L as gal€f@sulted that, from

water quality point of view, 2009 and 2010 were fairly similar to one another, whereas 2011 had higher
concentrations otlissolved constituents and lower total suspended soliagg(e 47). For example,

there is no significant difference between 2009 and 2010 for TSS or TDS concentrations, whereas there
is a significant difference for both of these watgprality parameterdetween 2010 and 2011 (twsided

T-test, unequal variance, p = <0.01 each for TSS and TDS). The fact that 2009 and 2010 are so similar is
ideal for this BACIP study design, as those are the two years used for BACIP statistics.

4.3.3 Nutrient Concentratiors in the Control Reach

Average, minimum and maximum concentrations for the four measured nutrients are compared, by
year, inTable 48. Field blanks associated with these data were nearly alldetects, with only a few
exceptions, andhose weremostly light above the reporting limit. As we have observed on other
projects(Suplee 2004)ammonia hits in field blanks were the ones highest above the reporting limit
(ammonia reporting limit were 1 to 10 pg/L as N; field ldkaof 16 and 17 pg /L as N were measured
once in 2010 and once in 2011, respectively).
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We assumed that background soluble nutrient concentrations in the stream in 2010 would be very
similar to what was measured &ugust and September of 20Q%e., 3 pdNO:-N/L and 4 ug SRP/L), and

as can be seen ifable 48 this was the case. (Note: the single high SRP value in 2009 of 47 pg/L had not
been included among the 2009 data used to project 2010 stream conditions because it was collected
early, in July 20090oncentrations among total nutrients were quite similar in 2009 and 2010, although
2011 had notably lower average TP concentrations.

Table 48. Descriptive Statistics for Nutrient Concentrations in the Control Reach.
Data shown are the annual average, followed by minimum and maximum in parentheses. Data were collect
between July and October of each year.

Nutrient Concentration (ug/L)
Year Total N NO,.zN AmmoniaN Total P SRP
2009 473 (364593) 4 (26) 7 (313) 43 (2370) 14 (347)
2010 465 (368622) 3(33) 15 (823) 40 (3444) 3 (25)
2011 441 (369513) 7(312) 7 (311) 24 (1731) 2 (1-3)

4.3.4 Nutrient Concentrations in the Low Dose Reach

4.3.4.1 Calculated dosing concentrations at the upstream end of the Low Dose Reach
The dose rate for the Low Dose Reach was targeted to achieve concentrations of 4gN-H6Gd 6

Hg SRP/L near its headwaters, after mixing &eetion 3.4.1. Ambient Box Elder Creek nitrate
concentrations in 2010 averaged exactly what was anticipated (4 pg/L), whereas ambient SRP
concentrations in 2010 were a bit lower than projected (3 pg/L instead of the projected 4Taple 4

8). Stream flow and nutrig drip rates and concentrations were integrated over the course of the
experiment (49 and 51 days for N and P, respectively) to determine the experiomgntoses achieved,
given the ambient 2010 soluble nutrient concentrations observed at the ConteadrREable 48). Low
Dose reach concentratiorsctuallyachieved were 38.6 ug N@I/L and 4.4 SRP/L, with an associated
N:P ratio (by mass) of 8.8:1.

4.3.4.2 Measured nutrient concentrations in the Low Dose Reach

Summary nutrient data for the Low DoseaRk are shown iffable 49. Note that for 2010, the
summaries only reflect samples collected during the time dosing was occurring (there wadasjorg
July sample and a pedbsing October sample which were not included in the table). In 2009 and 2011,
the Low Dose nutrient concentrations are very similar to the Control Reach (as one would expect),
although the 2011 TN concentration is quite a bit lower in the Low Dose Reach. In 2010, the dosing
effect is quite evident for NQs;, where the LowDose reactaverage concentration (32 ug BN/L) is
close to the seasctong achieved doseate concentration of 38.6 pg NO/L®. Further, the BACIP
analysis Table 410) shows that stream NG;concentrations in the Aftefi.e., dosing) period was
significantly greater than in the Before period (one sided M#vinitney, p = 0.02). Based on BACIP
analyses identical in design Table 410, there was no significant difference in nutrient concentrations
between the Before andfter periods for TN, ammonia, TP, or SRP.

® Recall that these samples veecollected at the end of the 200 m study ready, therefore the concentration has
been influenced by assimilation by flora and would be expected to be lower than the initiséd concentration.
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Table 49. Descriptive Statistics for Nutrient Concentrations in the LDw@se Reach.

Data shown are the annual average, followed by minimum and maximum in parentheses. Data were collec
between July and Octolbg2009 and 2011), but for 2010 only samples collected during dosing@At)@re
shown.

Nutrient Concentration (ug/L)

Year Total N NG,.+N AmmoniaN Total P SRP
2009 482 (363647) 4 (35) 5(311) 40 (2354) 16 (353)
2010 446 (406492) 32(22-39) 21 (1625) 43 (3552) 5(37)
2011 302 (197407) 8 (313) 3(33) 22 (1429) 1(1-2)

Table 410. BAClrarrayed NQ.z;Data (ug N@.sN/L) for the Controt and Low Dose reaches.
MannWhitney test carried out on the Befores. After D values.

. . Control Low Dose Difference (D) Control
Date Period Sampling Event (ug/L) (ug/L) Low (Dgse

7/24/2009 Before 1(2009) 5.5 5 0.5
8/12/2009 Before 2 (2009) 2.25 3 -0.75
8/29/2009 Before 3 (2009) 6 4 2
9/26/2009 Before 4 (2009) 3.5 4 -0.5
7/16/2010 Before 5 (2010) 2.5 5 -2.5
8/25/2010 After 1 (2010) 2.5 36 -33.5
9/7/2010 After 2 (2010) 2.5 38.5 -36
9/22/2010 After 3 (2010) 2.5 22 -19.5

4.3.5 Nutrient Concentrations Just Upstream of the High Dose Reach

Average, minimum and maximum concentrations just upstream of the headwaters of the High Dose
Reach during dosing are giveriliable 411. We assumed thatraaverageaesidualof 2.0 pg N@.s-N/L

would arrive to the headwaters of the High Dose Reach fronitve Dose, and this turned out to be

the case. The average concentration just upstream of the High Dose Reach was S:hif[INDable 4

11) and the dosingperiod average in the Control Reach was 3 pgNQL (Table 48). Also, as we
anticipated, SRRist upstream of the High Dose Reach was the same as ambient background observed
in the Control Reach. Note that an average of 27 pgdNOL were taken up between the end of the

Low Dose Reach and the head of the HigiseReach, a distance of 900 m dfesam. This decline in

nitrate is consistent with our field observations, as we documented increased algal growth during dosing
along the interim reach of stream between the L-amd High Dose reaches; the increased algae was
almost certainly what reducethe nitrate concentrations.

Table 411. Descriptive Statistics foNutrient Concentrations Just Upstream of the Higlose Reach.
Data shown are the 2010 doshpgriod average, followed by the minimum and maximum in parentheses.

Nutrient Concentration(ug/L)
AmmoniaN

Year Total N Total P SRP

NO.zN

2010 466 (408497) 5 (2.510) 18 (922) 46 (4152) 3 (25)

4.3.6 Nutrient Concentrations in the High Dose Reach

4.3.6.1 Calculated dosing concentrations at the upstream end of the High Dose Reach
Thenutrient dose rate for the High Dose Reach was targeted to achieve concentrations of 15@-pug NO
N/L and 23 pug SRP/L near its headwaters, after migagtion 3.4.1 As noted irSection 4.3.5bove,
nitrate concentrations in 2010 arriving to the High Bé¥ach headwaters averaged exactly what was
anticipated (5 pg/L) whereas ambient SRP concentrations were slightly lower than projected (3 pg/L
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instead of the projected 4 pg/Table 411). Stream flow and nutrient drip rates and concentrations
were integated over the course of the experiment (55 and 53 days for N and P, respectively) to

determine the experimentong doses achieved, given the ambient soluble nutrient concentrations
observed just upstream of the High Dose Red@ble 411). High Dose Reaatoncentrations actually
achieved were 118.7 pug NO/L and 15.6 SRP/L, with an associated N:P ratio (by mass) of 7.6:1.

4.3.6.2 Measured nutrient concentrations in the High Dose Reach

Nutrient data summaries for the HidhoseReach are shown ifiable 412. Note that for 2010, the
summaries only reflect samples collected during the time dosing ced(tirere was a pralosing July
sample and a posiosing October sample which were not includexte). In 2009 and 2011, the High
Dose nutrient concentrationare fairly similar to the ControReachin the corresponding years$n 2010,

the dosing effect for N&sis evident, as the HighoseReach average concentration (48 ug NEN/L) is
much higher than th&€ontrol reach N@Qsaverage the same yeB ug/L;Table 48). Supporting this,

the BACIP analysi§gble 413) showedthat stream NQ@,s;concentrations in théter (i.e., dosing)

period were significantly greater than in tiBefore period one sidedMannWhitney, p = 0.02). Based

on BACIP analyses idemtiinlayoutto Table 413, there was also significantly greater TN and TP in the
After period compared to th&efore period one sided MansiWhitney,p = 0.04 and 0.02, respectively);
there were no significant differensdor SRPEFor ammonia, there wasraarginally significandecrease

in concentrations in the After period (two sided Makvhitney, p = 0.07), contrary to our expectations.
In 2010, thereappears tchave been dongitudinal increase in TP concentration, presumably due to the
dosing. In the Qutrol Reach (most upstream) TP averaged 40 pg/L, in the Low Dose Reach it was 43
Mg/L, it increased to 46 pg/L just upstream of the Hiytse reach, and was 52 ug/L at the end of the
HighDose reach. No longitudinal trend was evident for TN.

Table 412. Descriptive Statistics for Nutrient Concentrations in the High Dose Reach.

Data shown are the annual average, followed by the minimum and maximum in parentheses. Data were col
between July and October (2009 and 2011), but for 2010 only samplestedltiaring dosing (Au@ct) are
shown.

Nutrient Concentration (ug/L)
Year Total N NO.zN AmmoniaN Total P SRP
2009 492 (401653) 4 (1:7) 9 (318) 41 (2165) 20 (267)
2010 538 (485595) 48 (880) 17 (1323) 52 (4859) 6 (58)
2011 447 (334559) 3(33) 3(33) 22 (1826) 2 (1-3)

Table 413. BACIRrrayed NQ,z; Data (Ugnoo+3zN/L) for the Controt and High Dose reaches.

Date Period | Sampling Event| Control (ug/L) | High Dose (ug/L)Difference (D) Control High Dose

7/24/2009 | Before 1(2009) 5.5 7 -1.5

8/12/2009 | Before 2 (2009) 2.25 4 -1.75

8/29/2009 | Before 3 (2009) 6 4 2

9/26/2009 | Before 4 (2009) 3.5 0.5 3

7/16/2010 | Before 5 (2010) 2.5 5 -2.5

8/25/2010 After 1 (2010) 2.5 8 -5.5

9/7/2010 After 2 (2010) 2.5 80 -77.5

9/22/2010 After 3 (2010) 2.5 55.5 -53
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4.4 CONTINUOUSEMONITOREMVATERQUALITYMEASUREMENTS

The deployed instruments were frequently checked and cleaned throughout the studydbée34).
Postdeployment, all data received a QC review using standardizeabteriorimethods. Data that were
suspect were flagged, as were data that had drifted beyond the p@jdcift criteria. Suspect data that
were flagged were excluded from the figures and analysis presented below. Details @prilbeianda
posterioriQC method€an be found in the projecAPP iAppendixA.

4.4.1 Temperature and Dissolved Oxygen

Table 414 shows the average monthly water temperatures recorded by deployed sondes in each year
of the study. Limited data were also available in July and Octobethese datasets were short and

have not been presented. Average water temperatures were typically in the low 20s in August, and
between 15 and 18C in September. For any given month during a given year, there was very little
variation in water temperatug among the study reaches. Similarly, there was generally little difference
in 2010monthly averages between sondes positioned in the upstream vs. downstream locations within
the samestudy reach (the Low Dose Reach in September being something of atiexdefhis).

Table 414. Average Water Temperature (degrees C) Recorded by the Deployed Sondes.

Low Dose Reach High Dose Reach
Control Reach (one
Year Month* sonde location only) Upstream Downstream Upstream | Downstream
Sonde Sonde Sonde Sonde

2009 August 20.4 20.5 n/a 20.5 n/a
2009 | September 18.2 18.4 n/a 18.3 n/a
2010 August 22.3 21.7 22.2 22.3 22.1
2010 | September 15.2 145 15.2 15.2 15.0
2011 | August [AYAGSR | [AYAGSR n/a [ AYAGS n/a
2011 | September 16.4 16.1 n/a 16.4 n/a

*Due to flagged data or early retrieval, monthly averages may be somewhat shy of a comptidg 8ataset.
Uslkidr gSNB 2yfte F@LAfLFofS ykucec (G2 ykom YR I NB vy

Figure 43 presents the entire DO dataset for the Control, Low Dose, and High Badieas in 2009, a

year prior to when nutrient dosing occurred in 2010. A basic assumption of a BACIP study is that

conditions among the study reaches should be largely comparable in advance of the impact (the impact

being the 2010 nutrient dosing). As da@ seen, in 2009 the seastong DO patterns among the three

reaches were very similar. On close comparison one will find that one reach may have had somewhat

higher or lower daily DO highs and lows, but overall, the three manifest essentially the sessoradea

5h LI GGSNyaod LYy y2 OF &S RAR S5hstredr (i€, 5 mgitfa earlydife y G | y I
stages).

5h &l GdzN> GA2Y gLk a OFfOdzZ F GSR F2NJ GKS wnnd RFEGI&ASKH
Control and Low Dose reachi€917 m, High Dose Reach) and the ambient water temperatures

measured by the sondes. Calculated DO saturation fell between 7 and 10 mg DO/L, and was generally

higher near the end of September as water temperatures dropped. In summer and fall 2009, ndeasure

DO Figure 43) in the three reaches oscillated fairly tightly around saturation, with daily highs rising

higher than saturation by about 1 mg DO/L, and daily lows dropping lower than saturation by about 0.5

mg DOJL.
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(A) Control Reach. (B) Low Dose Reach. (C) High Dose Reach. No nutrient dosing occurred in 2009.
Final

Figure 43. DO in the Study Reaches, 2009.
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Figure 44 presents the entire DO dataset for the Contrahd Low Dose reaches in 2010, before and

after dosing occurred. R to dosing, the pattern of daily highs and lows observed in the Coainal

Low Dose reaches overlapped almost perfectly. About 16 days after dosing began, both Low Dose
sondes began recording increasingly higher daily DO highs compared to the Ceatrio] R

corresponding with the increased algal biomass we observed. At the upstream Low Dose sonde, nightly
DO lows remained essentially matched to the Control Refigue 44A). However, in the downstream

Low Dose sonde, the nightly DO lows became loveditive to the Control reach-{gure 44B). For both
sondes, the greatest differences in DO occurred close teSejatember.

Figure 45 shows the entire DO dataset for the Contrahd High Dose reaches in 2010, before and after

dosing occurred. Prior tdosing, the pattern of daily highs and lows observed in the Coragnal High

Dose reaches overlapped to a very high degree, although the High Dose sondes show slightly higher

daily DO highs. After dosing, DO response was much more rapid than in theokewR&ach, and the

upstream High Dose sonde recorded very high DO concentrations (nearly 27 mg/L) during the peak

period around midSeptember Figure 45A). In contrast tahe similarity in DO patterns recorded hiye

two sondesin the Low Dose Reach, the two sondes in the High Dose Reach each recorded very different

DO patterns. The upstream High Dose sonde shows a distinct period near the end of the deployment

when DO crashe(Figure 45A), and for the remaining ten days of tdeployment DO remained quite

f2gs G GAYSA RNRLILAYy3I G2 O0ft2aS G2 m Y3 5hk[d /2y
standards for aquatic life (i.e., 5 and 3 mg DOJ/L for juvenile and adult aquatic life, respectively). These

datar restricted to he end of the growing season/beginning of fall senescerepresent the only

LX I OS 2NJ GAYS Ay GKS GKNBS &8SINBR 2F GKS aidzRée 6KS
the downstream High Dose sond&dure 45B) did not demonstrate this pronawced DO decline late in

the season, but instead, continued to show elevated daily DO relative to the Control Reach. The largest
differences between Control and downstream H@bse DO concentrations occurred (like they did for

the upstream High Dose sonde)September, and as October progressed, these differences

diminishing.
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Figure 44. Dissolved Oxygen Patterns Recorded by Sondes Located in the GartbLow Dose

Reaches in 2010.

6!'0 /2y iNRBE wSIFOK RFEGIF 63aINBSWHE WER ORI @2 yRER Y od & D1 @ deLIx K
sonde was positioned about migach within the Low Dose Reach. (B) Control Reach data (green) and data from

0KS aR2¢gyaldNBIFYé [2¢ 524S wSIFOK a2yRS 60t Olud ¢KS aGR2.
from the Low Dose nutrieadripper assembly, near the end of the Low Dose Reach.
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Figure 45. Dissolved Oxygen Patterns Recorded by Sondes Located in the GaritbHigh Dose

Reaches in 2010.

0! 0 [/ 2yGNRt wSIOK RIFEGF o603INBIROSREE WISHIOKT RRY RBK 8 0d dzI03 i |
sonde was positioned about migach within the High Dose Reach. (B) Control Reach data (green) and data from

0KS aR2¢6yaiNBlIYé | A3FIK 5248 wSIOK a2yRS 606t O010d ¢KS d4R:
downstream from the High Dose nutriedlripper assembly, near the end of the High Dose Reach.

In 2011, YSI sondes were again deployed to measure DO. In 2011 no dosing occurred. The DO patterns

of the three reaches largely resemble one another, as they d20@® Figure 46). There is no

indication that the dosing effects of the previous year caused a lingering effect on the DO patterns of the
streamWdza i € A1S wHnndpZ Ay y2 OFaS Ay HnvmmstRaRie5h Tl ff
5 mg/L fa early life stages).
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