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I 1 INTRODUCTION

f

Thisdocumentpresentsthe technicalappendices(Volume2) to the reportentitled
"Examiningthe Effectsof RunwayDeicingon DissolvedOxygeninReceivingWaters:

Resultsof the 1999-2000WinterSeason"(Volume1, Report,November,2000).
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-_I 1 MILLERCREEK WATERSHED SAMPLINGSTATIONS

I
I 4._,

I
I
I
I
I photo 1-1

-- I N1 - culvertoutlet

I
I
I
I
I
I photo 1-2

N1- samplerandflowmeter. Culvertoutletison oppositesideof orangefence

I
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photo 1-3

i N3N4 - culvert outlet

I
I
I
I
I
i photo 1-4

N3N4 - Sampler and flowmeter. Culvert outlet on opposite side of orange fence
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i photo 1"5

NEPL - outlet (south end) of culvert under SR-518

-+ I

I _._._.._:o:

I
I
I
I
I photo 1-6

RebaOut- outletfromcontrolstructureWhereflowmeasured
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I photo 1-7

I RebaOut- samples collected in vault where Hydrolab housed

I H ,

| f ....

I
I
I i
I :% _.

I
I •

I photo 1-8

RebaOut- control structure where samples collected- white pipe is Hydrolab housing'I
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I

I photo 1-9

I LakeReba 7/31/00, Northto right. Outletattop center,nearaircraftwing. N1 andN3N4 inletsnearlowerleft, andNEPLinletnear lowerrightnotvisible. Notefloatingmacrophytegrowth

I
i
i
!
!
I

photo 1-10

I LakeReba:9/27/00 lookingwestfromeast end
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photo 1-11

I MCup -sampler andflowmeter

I
n _

I
I
I
I
I
n photo t.12

MCmouth- stillingwellfromnorthbankupstreamof bridgeon SW 175_ Place. Largestillingwell is

I KCDNRstation
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_ I 2 DES MOINES CREEK WATERSHED SAMPLING STATIONS

I
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photo 2-1

i NPin - culvert outlet with sampler and flowmeter in the background
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I
I photo 2-2

$567 - culvert outlet with sampler in the background

I
I
I ,
I
I
I
I
I photo 2-3

SDS3 - samples taken from upstream (left side) of weir

I
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I

I photo 2-4

-I I NP1 - sampler in foreground under bag. Hydrolab buoy in upper right

II ,

I
I
I
I

photo 2-5

I NPout - sampler and flowmeter at pond outlet. NP3 Hydrolab station is white buoy in right center
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I
I photo 2-6

NPout, outlet of Northwest Pond Cell 3 at culvert just right of center

I

I ,_ ,_ _
I
1
1
I
1
I photo 2-7

Northwest Pond Cell 3 - NP3 Hydrolab station at white buoy in center

I
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photo 2-8
DME - Tyee Pond control structurevault. KCDNR loggers on right

i . "."_-:i , '. _

i'

; ......, f.... " |1_
" _ ..... ,.-.lillllll II1_..,==

I photo 2-9

I DME - inside of Tyee Pond control structure
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I

photo 2-10

i DME- instream inletto control structure on east branch where samples were collected

I _

I
I
I
I
I
I

photo 2-11

i DMmouth-samplerhousinginwhite boxon rightendoffootbridge.Largestillingwell for KCDNRgage
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I Photo 2-12
NW Ponds from, Feb 00. North is to right
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I
I
I photo 2-13

NW Ponds: 9/27/00 lookingWest-Southwest. Note macrophyte growth ringingcell#3 in foreground. Cell

I 2 in center, Cell 1 in shadows in center of photo

I
I
I
I photo 2-14

Detail near outlet of NW Ponds cell #3, 9/27/00, looking west (upgradient) from outlet structure ......

I note considerable macrophyte growth. White buoy left of center is NP3 Hydrolab station _---

17

I AR 034392 ECY00015760



I

I
I
I
I
i
I
I photo 2-15 NWP Cell 2 detail of macrophyte growth, August 2000

I
I
!
I
I
I
I photo 2-16 NWP cell 3 macrophyte growth, looking towards outlet, August 2000
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I 3 JANUARY 2000 RUNWAY DEICING EVENT PHOTOS f-

!
4"

!
I
I
I
I
!

Figure 3-1 Liquid Potassium Acetate Application Truck #10.

I Notepinkcolorinverticaltubeon tankshowsliquidlevel

I

IP

I ._.=.

I
I
I

Figure 3-2 Liquid Potassium Acetate Application Truck #11.

I Note pinkcolorinverticaltubeontank showsliquidlevelandapproximatevolume \ -

19

I AR 034394 ECY00015762



I
i
i
I
I

Figure 3-3 View NW over airfield during event 1, January 12, 2000,10:19

Taxiway A in foreground. Northbound MD80 aircraft on Taxiway B. Southbound 737 aircraft on takeoff

rollon runway 16L. Note minor amount of snow plowed to edge; melting in progress.

!
I
I
i
|
I
I Figure 3-4 View SW over airfield during event1, January 12, 2000, 10:20.

- Taxiway A in foreground, southbound 737 aircraft on takeoff roll on runway 16L. Note minor amount of

snow plowed to edge; melting in progress.
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I
i Figure 3-5 Event 2 WSDOT Liquid Deicer Appliedon Southbound SR509, January 19, 2000, 07:31.

I F
\

I
I

I
I
I
I

Figure 3-6 Event 2 WSDOT Liquid Deicer Applied on Southbobnd SR509, January 19, 2000, 07:30.

I Noteheavyfroston shoulderbreakdownlanes _._
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I

-I Figure 3-7 Eastbound SR518, January 19, 2000, 07:36.

Note heavy frost on shoulder breakdown lanes

I
I
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I
n 3 APPENDIX B QA/QC AND FIELD METHODS

3.1 Introduction

n ThisAppendixpresentsthequalityassurance/qualitycontrolmethodsand field

n installationproceduresusedduringthe study. Plotsof QC dataand profilesof chemicalconstituentconcentrationsalsoappearinthisappendix.

!
3.2 Hydrolab Maintenance, and Quality Control Procedures

!
Each week the Hydrolabs were removed from the water and were either taken to the

I stormwater field lab, if they were scheduled to be calibrated,or were cleaned and

maintained at the station. At the timeeachunitwas removed,thewaterdepthat the

n stationwas measuredandwatersampleswerecollectedfor dissolvedoxygenand

i conductivityanalysisby a contract laboratory.Water sampleswere taken usinga Van- Dom samplerat the samedepththatthe sondehadbeen deployed. A portionof each

samplewas immediatelyfixedwithreagentsforsubsequentWinklerDO analysisbythe
I lab,

n Dissolvedoxygenandtemperaturewere measuredat the depthof the sondeusinga

i YSI Model95 handheldDO meter. When the Hydrolabswere redeployedaftermaintenanceandcalibration,theseprocedureswere repeated,exceptthat

I measurementsandwatersampleswere takenfromthe depthat whichtheunitwouldbedeployedover the nextweek. Samplescollectedwhenthe sondeswere takenoutwere

labeled=end",andsamplescollectedwhenthe unitswere putbackwere labeled"start".

Data was immediatelydownloadedfromeach sondeeachtimethe unitwas removed
fromthe waterfor maintenance.Data was importedintoan Excelworksheetand

I immediatelyreviewedfor any datagapsand errors. The unitwasthenprogrammedfor
redeployment.Sensorswerecleanedper the manufacturer'srecommendations,battery

II
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I
voltage was checked and batteries were replaced if necessary. All activity was i

recordedhourof whenina itweeklYwasremoved.FieldLog. The sonde was thenredeployed,typicallywithinan _ i

n
Every otherweek, the DO sensoron each sondewas calibratedaccordingto the •

Hydrolabmanualinstructions.Conductivitywas calibratedonce, immediatelypriorto •
the initialdeploymentof each sonde. For DO calibration,the sondeswere taken back

to the stormwaterlaboratoryand keptovernight. Aftereachunitwas cleanedand •
inspected,the DO sensormembraneandelectrolytewas replacedand the sensorwas

soakedin deionizedwaterfor at least12 hoursPriorto calibration.Calibrationwas i
performedaccordingto the manufacturer,usingthe water-saturatedair method,which

assumes100% DO saturationat ambientbarometricpressure. Data sondeswere i
R

typicallytaken outof servicefor less than24 hoursfor calibration.

i
3.3 Northwest Ponds DO Profile Data Collection Procedures

At.eachmonitoringlocationinthe 3 cellsof the NorthwestPonds(NP1, NP2, and NP3), _- •
measurementsof DO andtemperaturewere takenalongverticalprofilesusinga YSI

model95 handheldDO meter. At NP1 and NP2, measurementswere taken at 1-foot •

intervalsalongthe 10 to 12-footdeep profile. In the shallowercell 3 (6 footdeep),

measurementsweretaken at '/=-footintervals. I
i

Grab samples were collected a shortdistancehorizontallyfromwhere the DO
measurementswere taken to minimizeerrorsfrompossiblewaterstratamixing. At

eachstation,grab sampleswere collected atthe samedepthintervalthat DO i
measurementswere taken. Samplingproceededfromthe surfaceto the bottomof the

watercolumn. A surfacesamplewas collectedby dippingthe samplebottledirectlyinto im
the pond. Allothersampleswere collectedwitha Van Domsamplerattachedto the

endof a pole. The samplerwas loweredonthe poleintothe watercolumnat a slight i
i

angle from horizontal and once positioned at the appropriate depth, the sampler was

24
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I
I triggeredto collecta sample. The planarlocationof the profilesamplingvariedbyupto

20 ft due to boatdrift. In eachcell, the deepestsampletypicallycontaineda significant

amountof unconsolidatedsediment comprisedmostlyof fine, dark organicmatter,

I On twooccasions,ORP was measuredineveryprofilesample collectedwiththe Van

i Dom sampler.Beforeany waterwas removedfromthesampler,the topof the cylinderwas openedandthe ORP probefrom an Orionmodel1230 pH/redoxmeterwasslowly

i loweredto the bottomof the samplerandthe readingswereallowedto stabilize. TheORP readingstaken inthe firsttwo Van Dorasamplesat eachstationwere compared

I to ORP measurementstaken by loweringthe probeintothe water column. At eachstation,eachpairof ORP measurementswerewithin5 mV of eachother. Beforetaking

I the firstreadingat eachcell, the ORP meterwascheckedagainstan ORP standard.
The probewas rinsedwithdeionizedwaterbeforeeachreadingwastaken.

|
3.4 Assessment methods for continuous monitoring data

_|

i To assessthe successof the field qualitycontrolmeasuresusedfor continuouswaterqualitymonitoringat Lake Reba andthe NorthwestPonds,the differencesbetween

i dissolvedoxygenmeasurementsobtainedconcurrentlyby threemethodswerecalculated.Specifically,the relativepercentdifference(RPD) between eachof the

i concurrentmeasurementswas determinedas follows:

I RPD = [(al - i2) / ((i1+i2/2))] x 100

I where-
M1 = DO measurementbyfirst method

M2 = DO measurementby secondmethod

I
_1 AR 034400
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I
Three RPDs were calculatedfor each setof data: 1) the RP_Dbetweenthe Hydrolab i

andWinklermeasurement,2) the RPD betweenthe HydrolabandYSI measurement, \

and3) the RPD betweenthe WinklerandYSI measurement, i

Time serieschartsof eachsetoftheseRPDs are presentedfor the Lake RebaOutlet, I

and three locationsinNWP (NP1-NP3) inthisAppendix. Accordingto the monitoring

plan,an RPD no greaterthan :!:20%was consideredacceptable,reflectingthe i

measurementerrorinherentto employingthe threemethodsunderthese

circumstances.An RPD beyond+20% warranted reviewof qualitycontrolprocedures •

and revisionof maintenanceandcalibrationroutineif necessaryaswellas an •
investigationof whetherspatialvariabilityor someotherenvironmentalfactorswere

causingsubstantialdifferencesinthe measurements. •

3.5 Monitoring Instrument Installations i

|
Isco model 4150 area-velocityflowmeterswere usedto monitorflowat RebaOut,NEPL, i

N1, N3N4, NPin, and NP567. Eachunitusedan area velocityprobetomeasure water

levelandvelocity. The probewasattachedto a scissor-ringthat was insertedintothe i

pipeat eachstation.Eachof the flowmeterswas programmedto loglevel,flow,velocity, •
and sampleevents.

Iscomodel4230 bubblerflowmeterswere usedfor continuousflowmonitoringat I

n

MCup, MCmouth,NPout,SDS3, DME, and DMmouth. At each station,a bubblerline •
was attachedto a sectionof steelrebarsecuredin the channeland the levelwasset

usinga staffgage or measurementfroman establishedbenchmark(tape-down n
measurement). Eachtimethese instrumentswere maintained,the meterlevelwas

checkedagainstthe tape downmeasurementor staffgage. •

Iscomodel3700 samplerswere deployedto collectwater samples. Samplerswere nB
configuredwith24, l-liter polypropylenebottles. Sample bottleswerewashedand

26 ECYO0015769
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I
I rinsedwithdeionizedwater priorto deployment,To accomplishlevel enabling,the

_ samplerswere hard-wiredto flowmeterseverywhereexceptat NPI. At thatstation,a
In level enabling triggering mechanism was installed at the pond's edge and was set to

i trigger at one-tenthfootabove the water surfaceexistingjust beforeeventsampling.With a riseinwater levelat the onsetof runoff,the triggermechanismbecame

submersed,sendingan electricalpulseto the sampler,whichenabledthe unitto begin

i the samplingroutine.

I Each samplerwasequippedwitha 5/8-inchvinylsuctionline. At moststreamsampling

i stations,the samplersuctionlinestrainerswerepositionedmidstream,justabovethechannelbottom.At MCmouthand DMmouth,the strainerswere positionednear the

i dgeof the streamat mid-depth.The strainersweresecuredwithzip-tieseitherto theflowmetercables,stillingwells,trashracks,orotherstructures.

!
At the pond stations the sampler strainers were positioned ina differentmanner. At

l NP1, the samplerstrainerwassuspendedsixfeet belowthe watersurfacefroma buoy
locatedabout20 feet offshore,near the Hydrolabsonde. At NPout,the strainerwas

i attachedto the KingCountygage stillingwell, locatedadjacentto the outletculvert,at
aboutmid-depth.At RebaOutthe samplerstrainerwasinstalledinthe vaultsump,just

i elowthe elevationof the outletpipeinvert,nextto the Hydrolabsonde. The strainer
waszip-tiedto the accessladderto keep it in place.

!
Twelve-voltdeep cyclemarinebatteries poweredallsamplersand flowmeters. Each

N samplerwas housedina shelteror completelycoveredwitha plasticbag to provide
additionalprotectionduringdeployment.

I
I 3.6 Constituent Data concurrent with NWPonds DO Profiles

i The table belowsummarizesthe chemicalconstituentsthatwere analyzedconcu#ently
withDO insamplestakenduringverticalprofilesamplingin NorthwestPonds,cells1-3

27 ECY00015770
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(stationsNP1, NP2, and NP3). Plotsof these profilesappear below. See Volume 1,

Section3.3 fora discussionof samplingmethods. _ n

Table 3-1 NW Ponds Profiles: Chemical Constituent Data

- COND BOD5 COD pH Ca2+ K+ Na2+ •
SAMPLEID depth,ft (uS/cm) (mg/I) (mg/I) (mg/i) (mg/I) (mg/I)

NP1 0208000 0 65.4 I 5.0 6.55 8.83 1.10 2.60 •
NP1 020800 1 1 73.1 13.4 6.61 9.03 2.36 2.93
NP1 0208002 2 83.5 13.0 6.60 9.80-0.30,:.i 4.21
NP10208003 3 129 11.3 6.60 15.5 0.732 6.54 •
NP1 0208004 4 133 14.2 6.61 15.4 2.06 7.03 I
NP1 0208005 5 195 10.9 6.68 24.2 2.77 9.16
NP1 020800 6 6 172 14.6 !6.58 21.6 2.73 7.68 n

NP1 0208007 7 149 13.0 6.65 18.8 2.82 6.32 •
NP1 020800 8 8 237 "5_ ''_6.62 29.8 3.56 10.1 U

NP1 0208009 9 237 12.1 6.55 31.2 2.88 9.99 n

NP1 020800 10 10 178 111 6.54 22.9 3.65 8.71 n
NP20208000 0 106 20.1 6.57 13.3 1.94 6.16
NP2020800 1 1 107 21.8 6.56 14.4 1.71 7.47

NP20208002 2 136 15.9 6.71 19.3 1.96 8.81 •
NP20208003 3 137 12.1 6.47, 18.1 2.03 9.01
NP2 020800 4 4 166 10.5 6.45122.6 3.23 9.33

NP2 020800 5 5 173 18.4 6.46 22.5 4.13 9.81 •
NP20208006 6 176 23.1 6.5_ 22.1 3.63 10.0 f II
NP2 020800 7 7 190 15.9 6.54 25.0 1.69 9.09
NP20208008 8 ' 204 16.7 6.63 29.1 3.64 10.9 -_ m

NP20208009 9 192 16.7 6.71 27.2 2.57 10.7 •
!NP2 020800 10 10 199 106 6.74 22.8 3.64 8.05 U

NP3 020900 0 0 86.2 4.00 16.3 6.81 8.27 1.04 2.18
NP3020900 1 1 96.5 _ii_O0_:18.0 6.97 7.41 1.54 2.42 n
NP30209002 2 103 ,_2,0G,, 13.0 6.62 9,06 1.79 2.84
NP30209003 3 117 7.50 36.8 6.73 11.2 2.43 3.51
NP30209004 4 109 27.5 58.3 6.57 8.55 1.87 3.07 •

IINP3020900 5 5 141 14.3 160 6.72 11.1 1.12 4.06
NP1 021500-0 0 110 _2.0_:__'5_ ::_ 12.2 1.08 2.76
NP1 021500-1 1 116 _',2.00_:-i10.1 12.2 1.23 2.86 •
NP1 021500-2 2 137 _'_2!00i 10.5 13.9 1.31 3.30 !
NP1 021500-3 3 151 i_2.00. _5.8i:_ 15.8 1.55 3.98
NP1 021500-4 4 178 .2.00-_ 16.3 18.7 1.79 4.79 m

NP1 021500-5 5 191 2.00 5.0 21.8 1.98 5.64 n
NP1 021500-6 6 221 4.34 11.3 26.4 2.28 6.30 Eli

NP1 021500-7 7 243 :2_-: 14.6 26.7 2.62 7.23
NP1 021500-8 8 233 2.00: 16.7 25.9 2.38 6.70 n

elNP1 021500-9 9 234 2.00 34.6 25.6 2.34 6.45

!
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I
I Table 3-1 (continued)

COND BOD5 COD pH Ca2+ K+ Na2+

SAMPLE ID depth, (uS/cm) (rag/I) (rag/I) (mg/I) (rag/I)
ff (mg_)

NP2 021500-0 0 131 _2.00 19.7 18.8 1.31 3.57
NP2021500-1 1 143 !2i00 14.6 19.7 1.47 4.00

I NP2 021500-2 2 152 !2.00 10.5 20.8 1.55 4.45NP2 021500-3 3 150 2.00 :i 14.2 18.3 1.58 4.18
NP2 021500-4 4 170 ;:::2_00 11.7 21.9 1.90 5.12

I NP2021500-5 5 182 _2.00:18.8 25.1 1.91 5.17NP2 021500-6 6 190 _2.00_ :_5.0' 23.5 2.12 5.41
NP2 021500-7 7 195 ';2,00 _ _5.0 22.5 2.05 5.42

B NP2 021500-8 8 215 _2_00 _ 12.6 28.9 2.65 6.15NP2 021500-9 9 229 ;2.00: 16.3 29.3 2.52 6.09
NP2 021500-10 10 253 31.8 178 30.8 2.93 6.66
NP3 021500-0 0 123 15.9 22.2 18.8 2.30 2.90

I NP3 021500-1 1 123 15.5 18.0 21.0 2.11 2.91NP3 021500-2 2 13t 12.4 23.5 19.8 2.23 3.17
NP3 021500-3 3 136 11.4 18.8 20.4 2.30 3.30

NP3 021500-4 4 141 11.4 109 21.3 2.31 3.83NP3 021500-5 5 135 22.9 149 20.7 2.58 3.48
NP1 022900-0 0 96.9 4.16 31.2 9.30 0.973 1.97

i NP1 022900-1 1 104 _2.00_ 28.2 10.7 1.04 2.04NP1 022900-2 2 102 _i:2.00_ 26.9 10.4 1.13 2.11
NP1 022900-3 3 103 _2_00_ 24.3 10.8 0.820 2.16

l NP1022900-4 4 112 _2_0(F- 20.5 10.4 0.943 2.40NP1 022900-5 5 119 _:._:,:_ 21.8 11.4 1.20 2.47
NP1 022900-6 6 129 _00_ _ 20.1 13.4 1.36 2.97
NP1 022900-7 7 205 _:.- 27.7 22.2 2.22 5.26

I NP1 022900-8 8 202 4.20 24.3 22.4 2.11 5.38NP1 022900-9 9 226 5.58 24.8 23.7 2.26 5.52
NP1 022900-10 10 244 7.40 18.8 26.2 2.41 6.21

t NP2 022900-0 0 123 _-_._OO_ 13.8 10.9 1.09 2.51NP2 022900-1 1 122 _2_00'i 13.4 12.2 1.22 2.67
NP2 022900-2 2 119 1:2i00 16.3 12.2 0.911 2.85

I NP2 022900-3 3 128 :_2_,00'i 21.4 13.2 1.73 3.18NP2 022900-4 4 148 _2;00 22.6 16.0 1.51 3.78
NP2 022900-5 5 153 _:2_00 27.7 15.4 1.59 4.21
NP2 022900-6 6 170 2.00 19.3 17.8 1.65 4.23

I 192 !2,;00 22.2 20.3 1.84 4.93
NP2 022900-7 7
NP2 022900-8 8 199 .2-.00 14.2 22.7 1.97 5.29
NP2 022900-9 9 209 2i00 19.3 23.2 2.19 5.22

i NP2 022900-10i 10 224 2.00 23.1 26.6 2.28 5.77NP3 022900-0 0 76.0 4.92 5.0 9.61 1.58 1.08
NP3 022900-1 1 77.3 5.94 5.0 9.30 1.68 1.10

NP3 022900-2 2 79.2 5.46 13.0 9.97 1.63 1.03NP3 022900-3 3 82.4 4.90 14.2 10.0 1.78 1.22
NP3 022900-4 4 85.4 4.68 12.6 10.4 1.75 1.33

I NP3 022900-5 5 86.1 36.4 716 8.78 1.99 1.57

q
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Table 3-1 (continued) m
COND BOD5 COD pH Ca2+ K+ Na2+

SAMPLE ID depth, ft (uS/cm'_ (mg/I (mcj/I (mgll'_ (mg/l' _ I!
NP1 0309000 0 194 15.5 17.5!1.66 5.08
NP1 030900-1 1 200 10.1 18.7 1.97 5.20

NP1 030900-2 2 200 16.7 24.9 2.37 6.54 •
NP1 030900-3 3 204 10.1 26.0 2.55 6.27 !
NP1 030900-4 4 219 15.5 29.8 2.40 6.88
NP1 030900-5 5 204 15.9 25.7 2.81 6.45 am
NP1 030900-6 6 242 26.9 31.1 2.87 6.95 i
NP1 030900-7 7 275 24.8 35.0 3.10 7.98

lib

NP1 030900-8 8 270 19.3 36.1 3.35 8.13 m

NP1 030900-9 9 293 24.3 35.0 3.40 8.57 i
NP1 030900-10 10 288 87.9 32.4 3.17 8.01
NP2 030900 0 0 165 10.9 15.8 1.63 3.67
NP2 030900-1 1 170 11.3 16.9 1.41 3.78 •
NP2 030900-2 2 176 9.6 14.6 1.81 3.70
NP2 030900-3 3 184 19.3 19.1 1.82 4.64

NP2 030900-4 4 187 13.4 19.0 1.92 4.63 •
NP2 030900-5 5 198 9.64 20.1 2.09 5.22 |
NP2 030900-6 6 205 10.5 20.7 2.21 4.96
NP2 030900-7 7 220 16.3 23.2 2.43 5.64 m
NP2 030900-8 8 256 63.2 29.0 2.76 6.10 •
NP2 030900-9 9 243 1939 22.9 2.42 5.39 m

NP3 030900 0 0 143 14.2 15.4 1.68 2.83
NP3 030900-1 1 147 17.6 15.8 1.66 2.76 n
NP3 030900-2 2 152 12.6 16.0 1.69 2.64 _
NP3 030900-3 3 160 10.5 17.5 1.96 3.01 _
NP3 030900-4 4 160 13.0 16.6 1.91 3.01 •
NP3 030900-5 5 156 i 24.3 16.6 1.92 3.21 II

_not_deteCted::reSu]tshown_iS_!Q:_det_bq_it_ii__: _.

!
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I Northwest Pond Cell 1

D.O. Measurement Relative Percent Differences (RPDs)
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I Northwest Pond Cell 2 f _

D.O. Measurement Relative Percent Differences (RPDs)
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' II 4 APPENDIX C PLOTS OF TRACERS FOREACH MONITORING LOCATION
f,t.

I
4.1 Introduction

I Thisappendixcontainsfourfamiliesof figures:

I 1) Backgroundevent (December11-12, 1999)rainfall,conductivityand tracerion
concentrationsfor samplingstationsinDes Moinesand MillerCreekwatersheds

I (severalexamplesof theseplotsappearinVolume1, Section3 inFigures3-10
through3-12),

I 2) Deicingevent (all three eventsinthe periodJanuary12-27, 2000) conductivityand
correspondingchemicalapplications(CMA andSA )forsamplingstationsfor both

I creeks,
3) Deicingevent rainfall,water level,tracerionconcentrationand corresponding

I chemicalapplicationsfor the LakeRebaoutlet(Millercreek).
4) Tracer ionconcentrations,chemicalpresencesignalpedodsandchemical

I applicationscorrespondingto eachstationsampledduringthe threedeicingevents
(January12-27, 2000). f"
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I

I SDS3

I CMA/Calcium PAJPotas SA/Sodium
ChemicalApplied(Y/N) N Y N
BackgroundRange (ppm) 8.5 - 34.2 2.2 - 13.2 0.4 - 7.2

I Numberof Signals 0 2 0
First Signal Characteristics

I SignalStart 1112/0010:00-SignalEnd - 11161007:00-
SignalDuration(hrs) - 93.0 -

I SignalPeak (date/time - 1112/0013:00 -SignalMax (ppm) - 159.0 -
Signal/Noise - 20.6 -

I Notes - - -
Second Signal Characteristics
SignalStart - 1/201004:00 -

I SignalEnd - 1121/004:00 -
Signal Duration(hrs) - 24.0-

I SignalPeak (date/time - 1/20/004:00 -SignalMax (ppm) - 25.5 -
Signal/Noise - 3.3 -

I Notes -

!
I
I
I
I
I
I
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I S567 ....

I CMA/Calcium PA/Potas !SA/Sodium
ChemicalApplied(Y/N) N N N

i BackgroundRange(ppm) 7 - 44 0.6 - 4.4 1.7 - 10.4Numberof Signals 0 1 1
First Signal Characteristics

I SignalStart - 1/12/00 10:00 1/12/00 7:00SignalEnd - 1/13/00 1:00 1/12/00 10:00
SignalDuration(hrs) 15.0J 3.0

I SignalPeak (date/time - 1/12/00 13:00 1/12/00 7:00SignalMax (ppm) - 15.9 20.7
Signal/Noise - 6.4 3.5

I Notes - -
Second Signal Characteristics - - .

i SignalStart - - -SignalEnd - -
SignalDuration(hrs) - -

• SignalPeak date/time) " - -
SignalMax (ppm) - -
Signal/Noise - -

I Notes - - S
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I
I NPIn f

I CMA/Calcium PAJPotas SA/Sodium
ChemicalApplied(Y/N) N N N
BackgroundRange(ppm 7 - 20 0.6 -1.9 <1 - 7

I Numberof Signals 0 1 0

First Signal Characteristics

I SignalStart - 1/14/00 16:00 -SignalEnd ,- 1/16/00 19:00 -
SignalDuration(hrs) 51.0

I SignalPeak (date/time ,- 1/14/00 19:00 -SignalMax (ppm) I- 8.6 -
Signal/Noise 6.6 -

I Notes - -
Second Signal Characteristics
SignalStart - -

I SignalEnd - -
SignalPeak (date/time - -

I SignalDuration(hrs) - -Signal Max (ppm) - -
Signal/Noise - -

I Notes - -

!
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I

I NP1 _;_

I CMA/Calcium 'PA/Potas SA/Sodium _-
ChemicalApplied (WN) N 'N N
BackgroundRange (ppmi' 10.9 24.9' 0.6 - 3.0 3.9 - 8.3

I Numberof Signals ' 0 0 0
First Signal Characteristics

I SignalStart - -SignalEnd - -
SignalDuration(hrs) - -

I SignalPeak date/time - -
SignalMax (ppm) ,, -
Signal/Noise - -

I Notes - -
Second Signal Characteristics

i SignalStart - -SignalEnd " " I"
SignalDuration(hrs) - " I"

I Signal Peak (date/time - - ,,,SignalMax (ppm) - - ,-
Signal/Noise ....

I Notes - - f-
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I NPOut ._

I CMA/Calcium PA/Potas SA/Sodium
ChemicalApplied (Y/N) ' N Y N
BackgroundRange (ppm) 11.9 - 18.1 1 - 5.3 3.4 - 5.1

I LNumberof Signals 0 2 0i

[First Signal Characteristics

i SignalStart - 1113/0013:00I-SignalEnd - 1/18/00 19:00I-
SignalDuration(hrs) - 126.0L-

i SignalPeak (date/time - 1/16/00 16:00-
SignalMax (ppm) - 18.4 -

i Signal/Noise - 3.8 I-signaldefined
usingaverageof
max/minvalues

I afterevent(4.8
Notes - ppm) -

I Second Si_lnalCharacteristicsSignalStart - 1/2010016:00 -
SignalEnd 1/23/00 16:00 -

I SignalDuration(hrs) 72.0 -SignalPeak (date/time' ' " 1/22/004:00 - f
SignalMax (ppm) I- 7.2 -

I i- 1.5Signal/Noise I

Signaldefined
usingaverageof

I max/minvalues
afterevent(4.8

I Notes - ppm) -

I
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I

DME ._-

I CMA/Calcium PA/Potas SAdSodium
ChemicalApplied (Y/N) Y Y Y

I 13ackgroundRange(ppm) 4.9 - 14.6 0.6 - 2.6 2.2 - 7.1Numberof Signals 1 2 2

I First Si_lnalCharacteristicsSignalStart 1112/007:00 1112/0010:00 1/12/00 7:00
Signal End 1112/0022:00 1/131007:00 1/12/00 22:00
SignalDuration(hrs) 15.01 21.0 15.0

I SignalPeak date/time} 1112/0013:00 1/12/00 13:00 1112/0013:00
SignalMax (ppm) 19 38.8 29.6

I Signal/Noise 1.9 8.6 6.3.... Firstsignal
priorto
documented

I Notes - - appli.cation
Second Si_lnalCharacteristics

I SignaiStart " " 1/2010016:00 1/1610019:00
Signa!End 1/2010016:00 1/201004:00
SignalDuration(hrs) 0.0 81.0

I Signal (date/time) 16:00 22:00Peak 1/20100 1119100
SignalMax (ppm) ..... 6.17 8.09 _-_

i Signal/Noise L. 3.9 1.7

I Second peak Signalstartssuspect,no incr. priorto second
mflow,noinc. in applic,could

I Notes cond. l- be background

I
i
I
I
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I

DMMouth

I CMA/Calcium PA/Potas SA/Sodium
chemical Applied(Y/N) Y Y Y

I BackgroundRange (ppm) 10.1 - 18.4 1.6 - 5.9 3.5 - 5.8Numberof Signals 0 11 1
First Signal Characteristics

I SignalStart - 1/12/00 16:00 1/11/00 13:20SignalEnd 1/16/00 1:00 1/14/00 10:00
SignalDuration(hrs) 81.0 68.7

I SignalPeak (date/time - 1/12/00 16:00 1/12/00 16i00
SignalMax (ppm) - 16.3 12.4

i Signal/No!se - 4.3 2.6signalpriorto
signalhas3 documented

I INotes - peaks applicationSecond Si_lnalCharacteristics
:SignalStart - -

I iSignalEnd - -
Signal Durationi(hrsi " -
SignalPeak (date/time - -

I SignalMax (PPm) - -
Signal/Noise. " I" f

i Notes - I-

!
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I

N1

I CMA/Calcium PA/Potas SA/Sodium
Chemical Applied (Y/N) IY Y Y

Background Range (ppm) 14 - 55 0.6 - 3.9 3.9 - 15.5Number of Signals N 2 1
First Signal Characteristics

I Signal Start 1/12/00 13:00 1/12/00 13:00
Signal End 1/14/00 13:00 1113/00 1:00
Signal Duration (hrs) 48.0 12.0

I Signal Peak date/time I
1/12/00 16:00 1/12/00 16:00

Signal Max (ppm) - 34.2 29.4

i Signal/Noise - 15.2 3.0First signal
peak of 55 during prior to signal priorto
dry after documented documented

I Notes . application application application
Second Signal Characteristics

I Signal Start - 1/20100 16:00 -
!Signal End - 1/22/00 16:00 -
Signal Duration hrs) - 48.0 -

Signal Peak (date/
time 1120/00 16:00

Signal Max (ppm) - 12 -

i Signal/Noise - 5.2 -sampled tail-
end of second

Notes - signal -

I
I
I
I
I
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!
N3N4

I CMA/Calcium PA/Potas SA/Sodium
Chemical Applied (Y/N) bN Y N

I Background Range (ppm) 12- 40 0.6- 6.6 4- 12Number of Signals 0 1 0
First Signal Characteristics

I Signal Start - 1/12/00 13:00-
Signal End - 1/14100 19:001-
Signal Duration (hrs) - 54.0 -

I Signal (date/ - -
Peak time 1112/00 16:00

Signal Max (ppm) - 52.9
Signal/Noise - 14.7i-

I Notes - - -
'Second Signal Characteristics

I Signal Start - - -Signal End - - -

Signal Duration (hrs) - - -

I Signal Peak (date/time - -
Signal Max (ppm) - -
Signal/Noise - .

-III1 Notes J-' - -

I
i
i
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I
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NEPL

I CMA/Calcium PA/Potas SA/Sodium

Chemical Applied (Y/N)_ Y N Y

Background Range (ppm) 8.9 - 30.9 0.9 - 3.3 2.2 - 8.1Number of Signals 0 0 1
First Signal Characteristics

I Start - - 1/12/00 7:00Signal
Signal End - - 1112/00 13:00

i Signal Duration (hrs) - - 6.0Signal Peak date/time - 1112/00 10:00
Signal Max (ppm) - 13.2

I Signal/Noise - 2.5signal prior to
documented

I Notes application
Second Signal Characteristics
Signal Start - -

End - -Signal
Signal Duration (hrs) -
Signal Peak (date/time -IB

m_

'_ Signal Max (ppm) - -
Signal/Noise - , -

i Notes - -
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I

RebaOut

t CMN Calcium PA/Potas SAJ Sodium

Chemical Applied (Y/N) Y Y Y

I ,BackgroundRange (ppm) 14.4 - 38.3 0.6 - 5.9 2.8 - 10.6Number of Signals 0 1 0
First Signal Characteristics

I Signal Start - 1112/00 19:00 -
Signal End - 1/15/00 4:00 -
Signal Duration (hrs) - 57.0 -

i Signal Peak {date/time) - 4:00 -1/1'3/00

Signal Max (ppm) - 13.1
Signal/Noise - 4.0 i-

I Notes ....
Second Signal Characteristics

I Signal Start ....Signal End - - -

Signal Duration (hrs) - - _-

! ,Signal Peak {date/time ....
Signal Max (ppm) ....
Signal/Noise ....

-_ Notes ....

I
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!

MCUp

I CMAJCalcium PA/Potas SA/Sodium
ChemicalApplied (Y/N) N N N

I BackgroundRange (ppm) 5.3 - 12.7 . 1.6- 2.6 2.6 - 6.5Numberof Signals 0 0 0
First Signal Characteristics

I SignalStart _-
SignalEnd I. .
SignalDuration(hrs) " -

I SignalPeak (date/time) I- -
SignalMax (ppm) - - ,,

I Signal/Noise _- -Notes - -

Second Signal Characteristics

i SignalStart - -SignalEnd - - ,-
SignalDuration(h'rs) . - I-

SignalPeak (date/time - -
SignalMax (ppm) - -
Signal/Noise - -

-_ Notes - - "-
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MCMouth

I iCMA/Calcium PA/Potas SA/Sodium
ChemicalApplied (Y/N) Y Y Y

I Background Range (ppm) 9.3 - 16.5 1.3- 3.6 3.7 - 8.7Number of Signals 0 0 0
First Signal Characteristics

I SignalStart - -
SignalEnd ....
SignalDuration(hrs) - - -

I SignalPeak,(date/time) ....
SignalMax (ppm) ....

i Signal/Noise - -Notes - -
Second Signal Characteristics

I SignalStart - -SignalEnd - -
SignalDura;don(hrs) - -

I SignalPeak date/time -
SignalMax (ppm) - -
Signal/Noise - -BB

Notes - -
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I
I 5 APPENDIX D DATA ANALYSIS METHODS AND RESULTS

5.1 Introduction

!
This Appendix presents a summary of the methods and resultsof statisticalanalyses

I conducted to determine if the presence of deicingchemicals in Lake Reba and

Northwest Pond 3 causes a decrease in either the concentrationor saturation of

dissolved oxygen (DO) in the ponds. The methods and results inthis appendix are first

summarized with more informationabout theory, methods, and results presented in

i Sub-Appendices D1-D7.

I Investigationof the effects of deicing chemicals on levels of DO1 in Northwest ponds

and Lake Reba, began with exploratory analyses conducted to visually investigate the
range, variance, and temporal distributionsof DO levels and changes, over 1, 6, and 8

I hour periods, in DO levels. Exploratory analyses were also conductedto investigate the
_- range, variance, and temporal distributionsof selected physicalvariables, and changes

i in those variables, that were recorded during the monitoring period. These physical
variables, including rainfall (as indicated by risingwater level in the ponds), conductivity,

I water temperature, date and time, and presence of deicing chemicals, were considered
the "independent" variables that might be used to help explain or predict DO levels.

!
After the distributionsof individualvariables had been explored, the relationships

i between DO levels and the physical variables were explored using scatter plots,
correlationanalyses, and simple time-series techniques. Exploratory analyses were

followed by statistical analyses, including hypothesis testing and simple time-series
modeling, designed to test for differences between DO levels when deicing chemicals

I were present (treatment periods) and were not present (control periods) in the system.

I 1The term DO levels will be used to refer to concentration and saturation of DO in Lake
Reba and Northwest Ponds. Changes in levels will refer to changes in both

(-I concentrationand saturation. AR 034457
84

I ECYO0015825



Effectsof explanatoryvariables other than deicingchemicalswere examined to i
BB

determine howthey could effect the distributionof DO levelsand changes in level.

Althoughthe studywas originallydesigned to include"control"and "treatment"ponds

and time periods, the highlystratifiedDO found in the controlponds (NWP cells1 and i
2) indicatedthat thesepondswere notwell-suitedas controlsfor the twotreatment

ponds(NWP cell 3, and Lake Reba). The applicationof deicingchemicalsto runway I

i

areas could not be planned so that the nature and timing of the treatment periods was a

controlled aspect of the study. Over the course of the monitoringyear, the needfor !
applicationof deicingchemicalsto groundsurfaceswas limitedto a two-weekperiodof

I

time that was followed by the longest low rainfall period in the 4-month monitoring I

period. There was too little separation in time betweenchemical applicationsand
am

dissimilarchemicalapplicationsfor the threeeventsinthe two-week periodto be i

consideredreplicates.

!
With the unsuitablecontrolponds,no replicationof treatmentperiods,andno specific i

thresholds of DO change to test for, the types of analysesavailablefor testingfor the _ i

potential effects of deicing chemicals were limited and caution was required when

interpretingthe results(see Table 1). This studydid notexaminea predefined i

biologicallysignificantthresholdof potentialeffects(e.g., rate of changeor totalchange

in DO overa specifictime period.) For these reasons,itwas necessaryto developa i

"weightof evidenceapproach"to supportor notsupportconclusionsthatdeicing

chemicalsaffectDO levelsinthe ponds, i

!

]
85 ECY00015826
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Table 5-1. Factors that affected available analytical methods and interpretation of
results.

1. Lack of control ponds

n . Northwest pond cells 1 and 2 (NP1 and NP2), lie upgradient of cell 3 (NP3). Runoff from ouffall
SDS3 transports the majority of deicing chemicals from the runways to NP3. Thus, NP1 and NP2

I were intended to serve as control ponds unaffected by deicing chemicals. During the course of thestudy, it was discovered that DO in NP1 and NP2 was highly stratified and not comparable to the

much more homogeneous DO exhibited in both NP3 or Lake Reba. Therefore, NP1 and NP2 were

n not well-suited to be considered control ponds.

n 2. Lack of replicate treatment (deicing) events
• Deicing events were not separated sufficiently in time for their effects to be independent and

n loading quantity and/or chemical types used differed between events.
• All deicing events occurred during a unique type of weather pattern: unusually low rainfall. This

n weather pattem was not repeated at other times during the monitoring program. Furthermore, this
type of weather pattern has been shown in this study and previous work to result in naturally falling

N DO in both NP3 and Lake Reba.
_- 3. Effects of unmeasured variables.

• DO levels are affected by complex interactions among factors (variables), some of which were
measured in this study (e.g., rainfall, water level, water temperature, conductivity) and some of which

i were not (e.g., local wind, retention periods of the ponds, etc.). Without replication, it is not possibleto describe the nature of these, especially if unmeasured variables had measurable effects. That is,

the likely possibilitythat unmeasured variables did affect DO levels complicates interpretation of

n results.
• For example, the relationships between DO and explanatory variables differed at Lake Reba and

I NP3. It is likely that physical characteristics such as depth, volume, and tum over rates that differed
between the ponds, also affected dissolved oxygen levels.

• Within ponds, the distributions of DO levels differed between treatment and control periods. It wasnot possible to discriminate which factor (e.g., measured or unmeasured variables, including deicing

chemical presence) caused these differences.

I 4. No predefined measure of a significant effect on DO.

• Without a pre-specified definition of a threshold that would constitute a "deicing effect" (e.g., a given

I change in DO), it was difficult to search the data for a deicing effect. If multiple definitions had been
created and searched for, the probability of spurious results would have been increased. I
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I
5.2 Exploratory Analyses I

!

5.2.1 Methods \ I

ExploratoryAnalyseswere conductedto guide and focusstatisticalanalysesof the I
effectsof deicingchemicalson DO levels. In particular,the exploratoryphasewas

designedto: I

1) identifysignalsof deicingevent(s)andexplorerelationshipsbetweenconductivity I
and tracer ionsduringbackgroundandtreatmentperiodsto demonstratethe efficacy

of conductivityas an aggregatetracer, I

2) determinewhichof the measuredphysicalvariables,includingrainfall,waterlevel,

conductivity,temperature,presenceof deicingchemicals,andtime (including I

temporalpattemsin individualvariablesor relationshipsbetweenvariables)best

predictedDO levelsandchangesin DO levels, I

3) exploretemporalscalesof change,and

4) identifydifferencesbetweenNP3 andLake Reba intermsof the relationships I

betweenDO and explanatoryphysicalvariables. \

I
All analyses were conductedinSPSS forWindowsRelease 9.0.0. Mostdatawere

collectedinand/orimportedto Flowlink4.1 softwareusedto programandmanagedata I

forthe fieldinstrumentation.The Flowlinkdatawere exportedandvisuallychecked

againstdatatransferredto ExcelandSPSS data files. Outliersor missingvaluesin I

time seriesplotsand exploratorygraphswere investigatedand correctedas neededto

confirm realdata and/ormissingvalues. I

I
5.2.1.1 Identify signals of deicing event(s) and explore relationships between

conductivity and tracer ion concentrations. I

To identifya "signal"of a deicingevent (i.e., a beginningand endof a treatment I
replicate)the followingpiecesof informationwere examined:

f I
87 ECY00015828

AR 034460 I



!
I

1. the timesduringwhichdifferentdeicingchemicalswere applied to runways,

_] 2. the quantities of deicing chemicals that were applied, and

I 3. presence of tracer ions associated with the deicing chemicals and their relationshipto conductivity in Lake Reba and NP3

I Concentrationsof tracerions(Na2+,K+,andCa2+)iconductivity,andDO were plotted

i againsttime duringa background(control)eventfrom 12/11/99-12/13/99andduringthetreatmentperiodfrom1/11/00- 1/28/00 whendeicingchemicalswere applied. During

I the two-weektreatmentperiod,a peak intracerconcentrationwas identifiedas anisolatedhighpointflankedon eithersideby progressivelysmallerconcentrations.The

I magnitudeof thispeakvaluehad to be substantiallyhigherthanthe concentrations
observedduringthe backgroundevent to be considereda "signal".The onsetof a

I deicingsignalwas definedas the firsttracer ionconcentrationimmediatelypriorto the
signalpeakwhosevaluewasgreaterthan the backgroundconcentration2. The endof

I the signalwas definedas the lastconcentrationimmediatelyfollowingthe tracerpeak
- whosevaluewasgreaterthan the backgroundconcentration.See AppendixC for more

i details.

I Correlationsbetweentracerionconcentrationsandconductivityduringcontrol
(12/11199-12113199)and treatment periods (1/11/00 - 1128100)were compared to

determinehowwellthe ionscorrelatedwithapplicationsof deicingchemicals.

5.2.1.2 Determine the physical variables, including time, that best predict DO levels and
I changes in DO levels

I The variablesmeasuredduring the studyperiod that mightaffect DO levelsor changes
in level included conductivity, water temperature, rain, water level, and time. Although

I time is notreallya causalvariable,it canbe considereda variablethat integrateseffects

I 2The averageof the smallestminimumconcentrationand largestmaximum
concentrationwasusedto definethe "background"concentrationaroundthe tracer

__ signal.
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createdby othercausalvariables. In addition,with time-seriesdata, it is importantto be i
i

certain that there is nocorrelationamongdatavaluesbeforeclassicalhypothesistests

are conducted. _ ....I

The relationshipsbetween the measuredphysicalvariablesand DO levelswere i
exploredusingsimpletimeseriesmethodsthat provideinsightintoeach variable's

distributionovertime and anytemporalstructurein relationshipsbetween variables.The i
autocorrelationfunction(ACF) was usedto showhowcorrelationamongthe data

valuesof a variableis relatedto theirseparationintime(detailsdescribedinAppendix i
D1). Relationshipsamongvariableswereexploredusingthe cross-correlationfunction

(CCF) whichshowshowthe correlationbetweenthe data valuesof two different i
variablesisrelatedto theirseparationintime.Theseexploratoryanalyseswere largely

qualitative;a moreformaltime seriesmodelingwas conducted in the secondphaseof I

analysis. I

To investigatethe potentialeffectsof deicingchemicals,two definitionsof a deicing

treatmentwerecreatedsothat resultsusingthe two definitionscouldbe compared. - I

The firstdefinitionwas based solelyonthe presenceof deicingchemicalsin the ponds _ J

as determinedby tracer ionanalyses (see AppendixC and relatedfigures). According i

to the tracer iondataa deicingsignalwas presentat the two pondsduringthe following

times: i

Lake Reba n

• FromJanuary 12, 2000 19:00 to January15, 04:00 iNP3

• FromJanuary 13, 2000 13:00 to January18, 19:00 and n
• January20, 2000 16:00 to January23, 16:00

I
The periodsof signalpresenceat each pondwere definedas the treatmentperiodsfor

the pondaccordingto the "signal-based"definitionof a deicingtreatment. At Lake n
Reba, the treatmentperiodconstitutedone continuous2.5-day period. At NP3, the

89 _-_

ECY00015830 I
AR 034462



I

I treatment period consisted of two different periods separated by a little less than two

- II days (though it was not certain that the signal from the first event was completely
extinguished prior to the onset of the signal associated with the next chemical

i applications). In each pond, all periods before or after the treatment period(s) wereconsidered control periods.

I The second, more conservative definition of a treatment period (the "time-based"

definition) was the same at both ponds. Using this definition,all hours between the start
of the first signal at Lake Reba and end of the last signal at NP3 (i.e., from January 12,

I 2000 at 19:00 through January 23, 16:00) were considered the treatment period. Hours
outside that twelve-clay (approximately two-week) period were considered control hours.

I The time-based definitionexcludes the uncertainty that chemicals were completely
flushed between successive applications of deicing chemicals.

I These two definitionswere used to explore how tightlyevidence of effects on DO levels

I were tied to the presence of deicing chemicals vs. other factors, besides deicingchemicals, that co-occurred during the treatment period. The interpretationof these

j analyses was complicated by the fact that each application of deicing chemicals
included different volumes and/or types of chemicals applied (PA, SA and CMA)

i 5.2.1.3 Explore temporal scales of change.

I Based on the results of exploratory analyses of the effects of time and temporal

patterns, changes inthe concentration and saturation of DO over I hour, 6 hour, and 8

I hour periods were investigated as the measures of "change in DO". Correlations

between changes in explanatory variables and changes in DO levels were computed for

I treatment and control periods using both definitions of treatment.

I
!

,!
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5.2.1.4 Compare relationships between DO and explanatory variables at NP3 and Lake n
Reba.

ITime seriesplotsof hourly,daily, and movingaverage data for the two ponds were

visuallycomparedfor differencesin patternsover timeandeffectsof explanatory

variables. Plotsof DO vs. time and DO inNP3 vs. LakeReba use time asa surrogate

for interactionsamongmeasured and unmeasuredcausalvariables. ComparingDO •
levels at the two pondsand relationships between DO and explanatory variables helped

to determinewhetherunmeasuredmighthaveaffected DO levels. Scatterplotsof time- •
paireddatafromNP3 and Lake Rebaand CCFsof data fromNP3 and LakeRebawere

alsousedto comparemeasuredvariablesinthe two ponds, n
II

5.2.2 Results/Findinqs i

5.2.2.1 Identify signals of deicing and explore relationships between conductivity and i
tracer ion concentrations. i

Correlations between conductivityand tracer ionconcentrationsvariedbetween --I
\

samplinglocationsand between backgroundandtreatmentperiods. Conductivitywas n
highlyand positivelycorrelatedwithcalciumand sodiumduringboththe background

andtreatmentperiods. The signandthe strengthof the correlationbetween n
conductivityand potassiumtendedto changeconsiderablybetweentreatmentand

controlperiodsandthe natureof the changedependedon site. I

1. Background conductivity was best explained by calcium and sodium tracers, n
Duringthe backgroundsampling,correlationsbetweensodium,calcium,and

conductivitywere high (r > 0.95) at all samplinglocations,althoughfew were n
i

statistically significant due to small sample sizes (n = 5-6). Correlationbetween

backgroundlevelsof conductivityand potassiumwasgenerallylow,exceptat SDS3, n
HI

$567, NPin,N3N4, and Lake Rebawhere correlationwas moderate(0.50 < r < 0.90)

(Table 2). i
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I
2. The correlation between conductivity and tracer ion concentrations was

generally weaker during the treatment period than the background period

.4 except at three sites where the strength of the correlation between

conductivity and potassium increased during the treatment period. During the

I treatment period, correlations between conductivity, calcium, and sodium declined

i slightly relative to background at all sites. None of the declines were large,especially the decline in the conductivity-calciumcorrelation at NEPL, N1, and $567,

and the decline in the correlation between conductivityand sodium at DME, N1, and,

i perhaps, S567.

The conductivity-potassiumcorrelation also decreased at some sites during deicing (in

i Miller Creek system, at Lake Reba and N3N4, in the Des Moines Creek system, at Npinand $567). These decreases were more significantthan the declines inthe

I conductivity-calcium-sodium correlations. In contrast, the conductivity-potassium
correlation increased considerably at two sites in Des Moines Creek (DME, NPout) and

J one site in Miller Creek (N1) and less dramatically at SDS3 (De Moines) and NEPL(Miller).

|
3. Changes in conductivity-tracer ion correlations were similar at some groups of

I sites. Lake Reba and N3N4 in Miller Creek and NPin and $567 in Des Moines
Creek responded similarly in that correlations among tracer ionsgenerally declined

I during the treatment event. At N1 in Des Moines Creek, correlation between
conductivity,calcium, sodium, and potassium stayed relatively equal or increased

duringdeicing. N1 and NEPL in Miller Creek and NPout, DME, and SDS3 in Des
Moines Creek had similar responses in terms of the direction, though not always the

I magnitude, of their changes in response.

j 4. Deicing signal timing varied among monitoring locations. Deicing chemicals
arrived with different timing at the NP3 and Lake Reba and other sites along Des

i Moines and Miller Creek. The timing stemmed from the differences in size,
imperviousness,and other drainage characteristics of the application areas. These

I
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areasmay be deiced at differenttimes withdifferenttypesand amountsof deicing I
chemicals.The temporaland chemicalfeaturesof a deicingsignaldependon

where, when, which,and howmuch ofthe differentdeicingchemicalsare applied. \ I
Forexample,NP3 receiveschemicalsonlyfromairfieldrunofffrom SDS3 andthis

year,only PA wasappliedto SDS3. Lake RebareceiveschemicalsfromN3N4 (this I
year PA only)and fromthe landsideareasN1 and NEPL (thisyear, PA, SA and

CMA). I

Increasesinthe conductivity-potassiumcorrelationduringthe deicingperiodoccurredat I
SDS3, NPout,DME, and N1 andcorrespondedto PA applicationsinthe respective

drainageareas. Thoughan increasewas expectedat N3N4,the peak in PA at this I

locationwas very briefandconductivitycontinuedto be explainedbetterbycalciumand

sodium,as itwas duringbackground.N1 and NEPL,whichreceivedCMA andSA, had I

very littlechangefrombackgroundinthe conductivity-calciumand conductivity-sodium

correlations. I

Table 2. Pearson correlations between conductivity and tracer ions during -- ,I

background and treatment periods. _---_

Calcium Potassium Sodium I

Location ibackground deicing background deicing background deicing

SDS3 0.999 45 0.618 0.533 1' 0.860 0.994 $$ 0.259 I
NPin 0.999 $¢ 0.642 0.601 $4 0.012 0.997 44 0.494

Npout(NP3) 0.973 44 0.539 -0.349 t? 0.706 0.995 44 0.454 I
DME 0.998 45 0.572 -0.353 tl' 0.808 0.997 _ 0.950

$567 1.000 _= 0.979 0.680 4 -0.011 1.000 4 0.832 I

N1 1.000 _. 0.962 0.110 I"I" 0.604 1.000 _ 0.980 I
N3N4 0.999 4 0.820 0.693 4-0.465 0.999 44 0.618

NEPL 1.000 == 0.941 0.246 == 0.325 0.984 4 0.692
Reba Out 1.000 4 0.813 0.735 44 -0.064 1.000 $4 0.348

Arrowsindicatewhethercorrelationsduringthe treatment )eriodincreased,decreased,orstayedthe •
same relativeto background.
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I
I 5.2.2.2 Determine the physical variablesthat best predict DO concentration and

saturation

1. Data for all variables were extremelytime dependent; each hourly data value

I was highly correlated with values of the preceding and following hours. Even
1, 6, and 8 hourchangeswereautocorrelated.Thismeansthat levelsof DO and

I other variables tended to change graduallyand continuouslyover time and didnot
exhibit frequent, large increasesor decreases in the course of an hour. (See

I Appendix D2 for more detailsand Appendix D3 for graphs of ACF and PACF
functions). For a long time series such as this, autocorrelation coefficients are

I averagesof the correlationbetweenmany pairsof valuesthatare separatedby
differentlengthsof time. Insomecases,relativelylargeand rapidchangesin DO

I didoccur,especiallyin responseto rain. Forexample,on 11/4/99, DO
concentrationrosefrom1.7 to 3.1 mg/Loveronehourat LakeReba. Duringthe

I sameday, DO concentrationchangedfrom5.41 - 8.47 mg/Lat NP3 over8 hours.
Declinesin DO inresponseto dryweatherweregenerallynotquiteasrapidas rises,

_1 butdeclinesof over 2 mg/Lin lessthan24 hourswere notuncommon.t

I 2. The autocorrelation structure of each variable varied slightly from one variable
to the next. Fora givenvariable,therewere somedifferencesinthe autocorrelation

i structurebetweenponds. Althoughtheseresultsare qualitative,theyindicatethat
the physicaland possiblybiologicalprocessesdifferat the two ponds. (Appendix

D2, Table 1, and AppendixD3 forACF/PACF graphs.)

I 3. Correlation between variableswas not affected by time. That is, therewere no
differences due to time lag in the cross-correlation functions. Consequently,

i correlations variableswere described Rankamong by nonparametricSpearman

correlationcoefficientswhichdescribesthe correlationat timelag0. Noneof the

I variablesWerestrongalthoughsomewere significantbecausecorrelationsbetween

of largesamplesizes. DO percentsaturationwas morestronglycorrelatedwith

I othermeasuredvariablesthanwas DO concentration.(AppendixD2,Table 3;
AppendixD4 for CCF graphs).

q
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4. Cross-correlations between percent changes in variables did vary with time (
lag; strong temporal patterns were apparent. The averagemagnitudeof the i
cross-correlationcoefficientsfor percentchangevariablesincreasedwiththe

numberof hoursoverwhichpercentchangewas estimated. (AppendixD4). I

5.2.2.3 Explore temporal scales of change. I

As discussedinthe previoussection,exploratorytime-seriesanalysesandgraphing I

indicatedthatthe valuesof each variableand 1, 6, and8 hourchangesinvalues,were Ihighlyautocorrelated.Plotsover timeof movingaveragesof differentordersindicated

that 2-6 hourmovingaveragespreservedallpattemsin thedata. Partialautocorrelation I
coefficientsandsubsequentstatisticalanalysesalsoindicatedthat low-order(1-3 hour)

autocorrelationandmovingaveragecomponentswere adequateto describethe I
variabilityinthe data.

II
Six-hour changes were selected as the period of change for investigationsof change

and ratesof changeinthe data. Six hoursseemed longenoughto so thatthe I
beginningandendof each periodof changewouldnotbe completelyautocorrelated

and smallenoughto revealany rapidchangesthat mightoccurwhentemperatureor I
rain pattemsmadequickshifts.

5.2.2.4 Compare relationships between DO and explanatory variables at NP3 and Lake I
Reba.

I
1. The cross-correlation plots of each variable's values in NP3 and in Lake Reba

indicated that there were no consistent lags between ponds in the rises and I
falls in level of the different measured variables (maximum cross-pond

correlation at time lag = 0, Appendix D4). However,the magnitudesof the cross- I
pondcorrelationswere nothighand indicatethat the pondsdid notexperience

identicalphysicalconditionsor DO responses. I
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I
I 2. DO levels and conductivity were higher at Lake Reba than at NP3 during both

• control and treatment periods. Median six-hour changes and percent changes in
\

i DO concentration and conductivity were approximately equal during control and

treatment periods in the two ponds, but the range of changes was slightly higher in

I Lake Reba. The opposite was true of changes in DO percent saturation; the range

i was slightly higher in NP3 (Appendix D5 Figures 1-3).

i 3. Variance in temperature and changes in temperature were slightly greater inLake Reba than NP3 during control andtreatment periods (Appendix D5

I Figure 4).

i 4. Changes in level had a smaller range during the treatment period than the
control period at both ponds. Percent changes in level tended to be higher at

! NP3 than at Lake Reba (Appendix D5 Figure 5).

I 5. During the control period, the relationships among physical variables other
F than DO were similar at the two ponds. In general, level and conductivity were

I inversely related, level and temperature were inversely related, and temperature and
conductivitywere positivelyrelated (Appendix D6). Correlations between variables

I tended to be stronger at NP3 than at Lake Reba.

I 6. During the treatment period, the sign of the cross-correlation coefficients
between physical variables (not including DO) changed from the control

i period. In addition, treatment cross-correlations showed more of a temporal pattem
than did control cross-correlations. Patterns of treatment cross-correlations tended

I to differ between and the nature of the difference depended on whether the time or
the signal based treatment period was used. Although the periodthat a signal was

I presentat Lake Reba would seem to have no particular meaning with respect to
cross-correlationsin NP3, this period had consistently different CCFs than the CCFs

I for time-based and NP3 signal-based treatment periods. For more detail, see
Appendix D6.
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7. At both ponds, cross-correlations between DO and water level change sign ....

control to treatment periods. There seemsto be nocleareffectof the dfrom

definitionof deicingperiodat NP3. The shapeof the CCFs duringthe signal-based

and the time-basedtreatmentperiodsare notidentical,buttheyare generally I

positive(AppendixD6, Figure1). At Lake Reba,thetime-basedandsignal-based
am

CCFs appear different,althoughmanyof the CCCsduringthe signal-based !

treatmentperiodare notsignficant(AppendixD6, Figure2). As withthe CCFsof the

independentvariables,the periodof timethata signalwas presentat LakeReba II

also seemsto be an unusualtimeperiodat NP3 aswell (AppendixD6, Figure1).

!
8. The sign changes for the correlation between DO and temperature between

the control and treatment periods at NP3 (positive to insignificant or negative II

for both definitions of treatment) (Appendix D6, Figure 1), At LakeReba,time-

basedtreatmentandcontrolCCFs completelypositivewithminimaleffectsof time.

The signal-basedtreatmentCCF, however,showsa strongnegativecorrelation

betweenDO andtemperature- especiallyattime lagsof 2-6 hours(AppendixD6, II

Figure2). Again,the CCF of NP3 temperatureand DO was alsodifferentfor this II
period(AppendixD6, Figure1).

9. The CCF between DO and conductivity was weakly positive and unaffected by I

time lag during the control period at NP3. The CCF remainsweaklypositive II
duringalldefinitionsof the treatmentperiodwithsome indicationof a timelag effect.

The appearanceof a patternis likelydue to the fact that,duringthisshortertime •
period,thereare veryfew data valueswitha "mate"that is 16 hoursearlier. At Lake

Reba,on the otherhand,the relationshipbetween DO andconductivityswitches II
fromweaklypositiveto quitestronglynegativeduringthe time-basedtreatment

period. It changesback to predominantlypositiveduringthe signal-basedtreatment IIm
period(AppendixD6 Figures1 and2).

I
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I The shapesof the DO-conductivitycross-correlationfunctionsfor the controlperiod

were quite similar at the two ponds for both treatment pedod definitions. The control
\

period CCFs were quite flat and low magnitude, indicating only a low level of correlation

between the two variables (i.e., lots of variability in the natureof their relationship) and

i notime lags inthe correlationsbetween the two ponds. The CCFs for the treatment

i period had different shapesthan the control CCFs in both ponds. Duringthe treatmentperiod, the shapes of the CCFs were affected by pond and the definition of the

treatmentperiod.

i At each pond, the DO-conductivityCCF for the two-week treatmentperiod and the CCF
for the periodof time that a signal was present at NP3 were consistent (since these two

i time periodswere quitesimilarin length). When the treatmentperiodwas definedas
the period of signal presence at Lake Reba, a shorter period than the time-based period

i orthe signal-basedperiod at NP3, there was no consistencywithinor between ponds.
The effectof the change in definition of the treatment period was particularly apparent at

Lake Rebawhere eventhe sign of the correlationschangeddependingondefinition.
If

I Scatterplotsmay providesomeinsightintothe apparent inconsistenciesinthe CCFs.
The scatterplotsindicatethattheremay be a thresholdconductivityvalueat whichthe

I relationshipbetweenDO and conductivitychangesfrom negativeto positive. For
example,a negativerelationshipmayexistbetweenconductivityand DO at Lake Reba

I at conductivitylevels less than approximately300 pS/cmand a positiverelationshipat
higherconductivitylevels. On eithersideof thispotentialthreshold,considerable

I heterogeneitycan be seen inthe relationship. At NP3, a similartypeof switchin the
signof the relationshipseemsto beginat approximately150-200 pS/cm. Again, it

I appearsthatthere may be considerableheterogeneityinthe relationshipthroughout
the rangeof conductivitythatwas encounteredinthe study.

!
The relationshipbetweenDO percentsaturationat Lake Reba and NP3 seemsto be

I generallypositiveexcept for the periodof time that at Lake
a deicingsignalwas present

Reba (AppendixD6, Figures9 and 10, toptwo rowsof graphs). The relationship
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!
betweenconductivityat the two pondsseems to be positiveduringcontrolperiods,but I
slightlynegativeand highlyvariableduringtreatmentperiods(Figures1 and2; -

AppendixD6, Figures9, 10, bottomtwo rows). _ i

5.2.3 Summary I

I
Exploratory analyses support concepts about how the physical and biological processes

at the two pondsdiffer. For example,levelsof DO were generallyhigherat Lake Reba I
thanat NP3and changesinvariablesmay occurmorefrequentlyandbe largerat Lake

Reba thanat NP3 (see also Figures1 and2). Therewas alsoevidencethatthe I
relationshipsamongthe variableschangeduringthe treatmentperiod,but itwas not

clearthatthe changeswere causedbythe presenceof deicingchemicals. I

The typeandvolumesof chemicalsapplied,ponddepthandvolume,andother I
unmeasured,local,physicalfactorsalsodifferedat the two pondsand interactions

amongthesevariablescouldhavecausedanyof the effects thatwere seen. For F-I
example,itwas notclearhow the differencebetweenthe level-temperaturecorrelations

inthe controlandtreatmentperiodsat bothpondscouldbe causedby deicing I

chemicals. Changesinthe level-temperaturerelationship,however,couldhave

affectedthe relationshipbetweenconductivity(whichis affectedby level)and DO I

(whichis affectedby bothtemperatureand level). I

I
I
I
I
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5.3 Statistical Analyses. _ i

k....iAnalyticalmethods includedtwo basic approaches.

1) Model/Predict/ExplainmeasuredDO concentrationsusingcontemporaneousdata i

collectedaboutphysicalvariables. Modelswere usedto removevariabilityin DO •
causedby variablesnotrelatedto deicingto improvethe abilityto disceman effect

of deicing, i

2) Comparemeans,variances,temporalpatterns,and relationshipsamongvariables

duringtimeswithandwithoutdeicingchemicals.Thisapproachwas usedto: i

• identifychangesinvarianceand pattemsthat mightnotbe detectedthrough I
modeling

i

• isolatevariablesused inmodelingfor morefocusedanalysis i

• identifyevidencethat unmeasuredvariablesmay affect DO concentrations

5.3.1 Methods i

5.3.1.1 Approach 1: Model�Predict�Explain measured DO concentrations i

Becausethe exploratoryanalysesshowedthatthe data and theirrelationshipswere •
affectedbytheirproximityin time, itwas notappropriateto constructa General Linear

Modelto predictDO levels3. Instead,for each pond,timeseriesmodelscalled •
IntegratedAutoregressiveMovingAverage (ARIMA) models(Diggle,1990) werefit to

DO percentsaturationto testfor the significanceof temporalcomponents4 andeffects •
of temperature,conductivity,and presenceof deicingchemicals(See AppendixD1 for

details). Percentsaturationwas selectedas the dependentvariablebecausethe i

3General linearmodelsassumethat residualsaroundthe modelare independentof •
oneanother. In time-seriesmodelsthey are correlatedintime.

CI
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i
I correlationsbetweenexplanatoryvariables and percentsaturationwere foundto be

largerthancorrelationswith DO concentrationinthe exploratoryanalyses.

d
The Akaiki InformationCriterion(AIC) (Akaiki,1973; BurnhamandAnderson,2000) was

I used to determinewhichARIMA modelfit the data best. The AIC isa measureof

modelfitthat considersboththe fit of the modelandthe numberof parametersinthe

I model. Modelswiththe same "t'rt"5but fewerparametersare consideredstronger

models. The ARIMA modelwiththe smallestAIC was consideredthe bestfittingmodel

inthat it fitthe data bestwitha minimumnumberof parameters.

I
5.3.1.2 Approach 2 - Compare means, variances, temporal patterns, and relationships

among variables during times with and without deicing chemicals.

I Usingthe secondapproach,nonparametriccomparisonof means(MannWhitneyU
test)sand Levene'stestfordifferencesinvariancewere conductedto determine

l whetherthe meansand/orvariancesof anyof the variablesdifferedbetweencontrol
/ andtreatmentperiods.The variablestestedincludedDO concentration,DO percent

I saturation,temperature,water level,conductivity,aswell as changeover6 hourperiods
and percentchangeover6 hourperiodsineachof thosevariables. Bothdefinitionsof

I deicingwereused inorderto discemthe effectsof deicingchemicalsfromthe effectsof
otherphysicalvariablesthat affect DO levels.

i
|
!
I

4Autoregressivecomponents(AR), difference/changecomponents(I), movingaverage

components(MA). SeeAppendixAAA.5As measuredbythe negativelog liklihoodfor the model
6 MannWhitneyU testcomparesmeansof data ranks. Bycomparingranks,thetest

essentiallycomparesthe mediansof two data sets.
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5.3.2 Results/Findinqs n

5.3.2.1 Approach 1. Model/Predict _ I

1) Over the course of the entire study period, DO percent saturation in both II

NP3 and Lake Reba was affected by water temperature, conductivity,

deicing chemicals, and percent saturation during the previous hour. The n

nature of the effects of deicing chemicals could not be clearly

discriminated from effects of the other variables, n

In bothponds,the bestfittingARIMA (1,1,1) modelincludeda firstorder(1 hour) nm
autoregressive,difference,and movingaveragecomponentas wellas temperature,

conductivity,andpresenceof a deicingsignal7. The ARIMA componentshadthe n

highestsignificancelevels,butall variableswere highlysignificant(p < 0.0001).
U

(AppendixD7). These resultsindicatethatthe physicalvariables,temperature, I
conductivity,anddeicingchemicalsaffect DO levels,and that reactionsof DO to these

BB

factorswillbe affected by DO levelsinthe previoushour. It seemsreasonablethatDO •
II

levelsina pondwouldrespondrelativelyslowlyto changesinenvironmentalconditions,

especiallyif the changesin conditionswere alsogradual. The autocorrelationseen in n

all variablesinthe exploratoryanalysesindicatesthat thesekindsof gradualchanges

tendto be the rule. As willbe seen inthe nextsetof analyses,however,the natureof I
the effectsbydeicingchemicalscan be difficultto predict.

!
5.3.2.2 Approach 2. Directly compare data from control and treatment pedods. I

n

2) The significance, magnitude, and direction of differences between hourly •
DO and 6-hour changes in DO during treatment and control periods

depended on how the treatment period was defined. (Appendix D8). II
U

7That is,afterthe data were differencedby I hour,datawere highlyrelatedto the data •
value inthe hourprevioushourandconvertingdata to movingaveragesof two hour

lib

periods resulted in nosignificantlossof information.
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I

As explained in Section5.2.1, the treatmentperiodwas defined intwoways to

d discriminatebetweeneffectsof deicingchemicalsand physicalfactorson DO. Using

i thefirstdefinition,thetreatmentperiodwas definedas onlythose hourswhena deicingchemicalsignalwas presentina particularpond. Accordingto the seconddefinition,

the treatmentperiodincludedallhoursbetweenthefirst signalat Lake Rebaand last

I signalat NP3. Inthe caseof NP3, therewas littledifferencebetweenthese two

definitionsandthe resultsof Mann-Whitneytestsof differencesbetweenthe mediansofthe two periodsweresimilarfor bothtime-and signal-baseddefinitionsof the treatment

i period.At LakeReba, however,the signal-basedperiodwasconsiderablyshorterthanthe time-basedtreatmentperiod,and the resultsofthe Mann-Whitneyteststendedto

i dependmoreonthe definitionof the treatmentperiod.

I The signsand magnitudesof differencesbetweenthetreatmentperiods,aswell as the
significanceof the differences,differedbetween thetwo pondswitha few exceptions

l (AppendixD8, Tables 1, 2, 3, 4). Differencesbetweenperiodsmaybe due to the fact
/ thatthe numberandrangeof datavaluesdudngthe controlperiodswere considerably

I largerthanduringthe respectivetreatmentperiods(eitherdefinition).The control
pedodswereonthe orderof severalmonths,containingfargreatervariabilityinweather

I pattems thanwereexperienceddudngthe two-weektreatmentpedod.

Forexample,usingeithertreatmentdefinition,medianwaterlevelwas significantly
higherduringthe treatmentpedodthanthe controlpedodat bothponds. Medianwater

temperaturewassignificantlylowerduringthe treatmentpedodsthanduringthe control
periodat bothponds. Medianconductivitywas significantlylowerat Lake Rebaduring

I he treatmentpedodthanthe controlperiodbutdid notdiffer betweencontroland
treatmentperiodsat NP3 usingeitherdefinitionof treatment.

|
DO levelswere lowerand six-hourchangesin DO weresmallerduringthe treatment

I periodthan the control at both thetime-basedduring pedod pondsusing treatment

definitions.Usingthe signal-baseddefinition,DO levelsdudngthetreatmentpedod
al

(
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were still lowerthan DO levelsduring the control period at NP3 butthey were higher I

than controllevelsat Lake Reba. Lowerconductivityduringsignalpresenceat Lake

Reba couldexplainthe elevatedDO duringthat period. ConsistentconductivityinNP3 I
was associated with a decrease in DO during signal presence, and indeed, during the

entiretwo-weektreatmentperiod. I

The resultsof hypothesistestingand time-seriesanalysisof all the variablesmeasured I
at the two pondsindicatethat temperature,water level(whichis drivenby rainfalland

groundwater),andconductivity(whichis affectedby level)are dynamicvariablesthat !

havea strongeffect on DO levelsinthe two ponds. Differencesbetweenthe meanDO

levelsinthe two ponds,visualinspectionof time seriesandotherexploratorygraphsof I

the variablesindicatethat environmentalprocessesdiffer between thetwo ponds.

These local processescreate differentreactionsintermsof DO levels. The dynamic I

natureof the multiple,interactingprocessesmade itdifficultto discriminatethe effects

of deicingchemicals. I

5.3.3 Summary _

I
Air temperature and rainfall affect water temperature,water level, andconductivity,

which,in turn, affect DO levelsin Lake Reba and NP3. Becausea relativelyunique I

periodof prolonged,lowtemperaturesand lowrainfallfolloweddeicingchemical

applications_itwas difficultto separatethe effectsof these two variables,andtheir I

effectson conductivity,fromthe effectsof deicingchemicalson DO.

I
At Lake Reba, where a deicing signal was detected duringonlya subsetofthe low-rain,

low-temperatureperiod,DO levelswere actuallyhigherduringsignal presencethan I

duringothertimesof the year (includingothertimesdudngthe low rain/temperature

period). Thisfact indicatesthat declines inDO aftercessationof the deicingchemical I

signalwereattributableto backgroundprocesses- mostlikely,to low rainfallandrunoff.

BecauseLake Reba isshallowerthan NP3, DO levelsmay respond morequicklyto I

f-
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!
environmental inputsin Lake Reba than in NP3. Time seriesgraphsfromthe two

pondsalso indicatedthat changesin "state"mayoccurmorefrequentlyinLake Reba

| than in NP3 (see Figures1, 2 for examples).

I In general,the numberand complexityof co-occurringfactorsare toocomplexfor

ongoingmonitoringto effectivelydetectpotentialDO effects. Thesefactorsare:

I • the infrequencyof ground-surfacedeicing,

• the complexityof the naturalDO responseat the two ponds,
• thedifferencesbetweenthe sizesandhydrologicalprocessesof the two ponds,and

I • the differenttypesof deicingchemicalsthatare likelyto entereachpond.

Any furtheranalysesshouldinvolvea risk-assessmentapproach.Suchan approach
couldevaluateweatherpatternsthat affectthefrequency,magnitude,anddurationof

I deicingeventsand the abilityof the systemto selfcorrectwhenrainfall(andrunoff)
increases.Thisapproachcould be aimedto estimatethe probabilityof occurrencefor a

rangeof deicingeventscenariosand shedfurtherlightonthe potentialforassociated
adverseaffectson DO inthe two ponds.

I
]
i
]
I
|
I
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I

5.4 Appendix D1. Background information about time-series analyses methods.

i
I 5.4.1 Methods

i A plot of the ACF shows correlation between pairs of values of a singlevariable (i.e.,
autocorrelation) and how autocorrelation is related to the separation in time of the

I paired data values. When data are sampled at regular time intervals, as in this study,
the separation intime' is called a lag8. Autocorrelationcoefficients (ACCs) are Pearson

I correlation coefficients, r, that range from negative one to positiveone. No correlation is
indicated when r is not statisticallydifferent than zero. Maximum positivecorrelation is

indicated by r = 1.0 and maximum inverse correlation r = -1.0. The ACC at lag zero
(no separation in time) is, by definition, one.

i
The partial autocorrelation function (PACF)plots the partial correlation coefficient

_ ! (PACC) over time and shows the autocorrelation between data values when correlation
caused by intermediate time lags has been removed.9 The patterns of autocorrelation

I and partial autocorrelation are used to determine whether a time series is stationary
(Diggle 1990, Cressie 1993) and to identify autoregressive (AR) and moving average

I (MA) components in the data. The assumption that the data are "stationary" must be
met before time series the results of time series methods can be properly interpreted.1°

I tationarity is a relatively complex statistical property, with different levels, that relates
to the consistency of temporal processes in the data.

I
Stationarity can be assessed by examining the patterns of the ACF and PACF for each

I variable. When necessary, the data can be "transformed" to produce a stationary

I 8 In this study, data were sampled hourlyso a lag is one hour long.
9 The partial autocorrelation coefficient is analagous to the partial correlation coefficient

I that looks at the correlation between two variables when the values of other correlatedvariables are kept constant.
10This is analagous to requiringthat data be normal before results of general linear

-I_ models such as Analysis of Variance and regression can be properly interpreted.
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I
series. Differencing (subtracting each data value from the next data value in time) is a I

commonly used first transformation to produce stationarity. When data are differenced I

by 1, the time series is converted to a series of the hourly changes in the variable, i

When data are differenced by 2, they are converted to changes in hourly changes.

Autocorrelation and partial correlation functions for each variable were plotted and I

visually inspected to determine what types of transformations were required to produce

• Istationarity. In all cases, differencing by one was adequate to produce stationarity.

After a time series has been transformed so that it is stationary, pattems inthe ACF and II

the PACF can be used to determine whether the series is predominantly an

autoregressive (AR) process (i.e., data values are correlated with other data at certain i

time lags), a moving average (MA) or exponentially smoothed process, or a combination

of both (ARMA). For example, if the ACF shows a rapid cut-off in the value of the ACCs •

after a certain time lag and/or the lag-one ACC is negative, a MA process of the order of

the last significant time period is suggested (Diggle, 1990, Web site). If the ACF decays i

smoothly, the PACF can be checked. If the PACF shows a sharp cut-off and/or the first

coefficient of the ACF is positive, then an AR process is suggested (Diggle, 1990, Web - •

site). If the PACF does not show a cut-off, then an autoregressive-moving average \

(ARMA) process is suggested (Diggle, 1990). Diggle (p. 169) states "...we •

reemphasize that model identification as here presented is a subjective process, and •

that parsimony should be the guiding principle. If in doubt, we should opt for fewer

rather than more parameters in the identified model, but include in the...diagnostic i
checking stage an assessment of whether additional parameters are needed to give an

adequate fit." I

After investigating the patterns of the stationary series, the series can be coded in terms i
of the number of lags involved in each process component (AR, I, MA), where the I

indicates the number of times the data were differenced. For example, an i
IB

undifferenced time series with a first-order autoregressive component would be coded

(1,0,0). A time series that was differenced once and was a first-order moving average I
i

process would be coded (0,1,1).

AR 034482 f i
109 _--

ECY00015850 I



i
I
J 5.5 Appendix D2. Results of Time Series Analyses.

I
5.5.1 Autocorrelation within variables

!
I 5.5.1.1 Whole time series

I The Autocorrelationfunctions(ACFs) of all variablesdeclinedvery slowlywithtime lagand coefficientsfor correlationbetweendatavaluesthatwere 1 hourapart (i.e., lagof 1)

i wascloseto 1 (perfect correlation).The PartialAutocorrelationfunctions(PACFs)indicatedthat a correlationbetweendata values,whencorrelationcausedby

interveningdatavalueswas eliminated,becameinsignificantoncedata were3 to 5

hoursapart.

/I Thesecharacteristicsindicatedthe need to differenceall thevariablesto produce a

I stationarytimeseriesbeforethe timeseriesof differentvariablescouldbe modeledandcompared(See AppendixD1). Afterdifferencing(I = 1), allof the variableshad

I tationarydistributionsandmostofthe variableswere eitherautoregressiveof order1
to 3 or movingaverageprocessesof order1 to 2.

!
DO andconductivityat NP3 appearedto be predominantlymovingaverage processes

I (Table 1; AppendixD3, Figures4,5), butthe strengthof the autocorrelationwas low.
DO concentration,DO saturation,andconductivityallhandnegative,andverysmall,

I firstautocorrelationcoefficientsafter the serieshad been differenced.All variablesat
LakeRebaandtemperatureat NP3 had positivefirstACCs of weakto moderate

i magnitude.Temperaturehas a strongcyclicpatternat bothpondssuchthat
temperaturesthatwere 24 hoursapartwere similar,quitedifferentthan the temperature

i twelvehoursearlier. The PACF indicatesthat a gooddeal of thispatternwasdueto

_ AR 034483
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correlationthat was "passed"from hour to hour. The magnitudeof the PACCs at longer I
lags was much lower than the magnitude of the ACC at a similar lag.

Table 1. Significant Autoregressive (AR) and Moving Average (MA) components I
of time series of DO, level, temperature, and conductivity at NP3and Lake Reba

for whole time series after time series were differenced to produce stationarity. I
Variable NP3 LR

DO concentration MA(1) AR(1-2) I

DO % saturation MA(2) AR(2-3)

Level AR(3) AR(2) I

Temperature AR(2) AR(2)

Conductivity MA(1) AR(2) I

I
5.5.1.2 Treatment vs. control period

I
The time series of the treatment period was much shorter than the time series of the

controlperiod. Inthe casesof DO levels,water level, andwatertemperatureat NP3, f I
the autocorrelationpatternof the controlperiodseemedto be repeatedduringthe

treatmentperiodbutthe autocorrelationand partialautocorrelationcoefficientsbecame I
statisticallyinsignificantbecausethe samplesize was so small(Table2). Forall other

variables(all variablesat Lake Rebaand temperatureandconductivityat NP3, a I

changeinthe patternof theACF and/orPACF was apparent). Becausethe sample

sizesforthe treatmentperiodswerequitesmall,differencesnotedbetweentreatment I

andcontrolperiodsappearedrelativelyconsistentusingbothdefinitionsof deicingand it

was notpossibleto distinguisheffectsof the definitionof the treatmentperiodon the I
ACFs of the variables.

I
5.5.2 Cross-correlations betweenvariables I

Becausetemporalpattemswere notevindentinthe CCFs as theywere inthe ACFs, I
correlationsbetween variablesweresummarizedusingthe SpearmanRank

111
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I

I Nonparametric Correlation Coefficient (Table 3). The strongest correlations were

i between level and temperature (r = -0.46, r = -0.74, Lake Reba and NP3 respectively),
level and conductivity (r = -0.80, r = -0.76, Lake Reba and NP3 respectively), and DO

i percent saturation and temperature (r = 0.52 and r = 0.60, Lake Reba and NP3
respectively). DO concentration was moderately correlated with temperature at NP3 (r

I : 0.45).

Table 2. Significant Autoregressive (AR) and Moving Average (MA) components
I of time series of DO, level, temperature, and conductivity at NP3 and Lake Reba

for treatment and control periods after time series were differenced to produce

I stationadty.

Variable NP3 control NP3 LR control LR

I treatment treatment

I !DO concentration MA(1 ) MA(1)* AR(2) AR(2) *^DO % saturation MA(2) MA(1)* AR(3) AR(1 )*^

I Level AR(3) AR(2)* AR(2) AR(2) ^
/ Temperature AR(2-3) AR(2) ^ AR(2) AR(1), ^

I Conductivity MA(3) AR(1)^ AR(2) AR(1 )*^
* similar pattern but not all AR or MA coefficient significant due to small sample size

i ^ ACFs and PACFs for 2 periods have differentshapes

!
i
!
I
I
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Table 3. Nonparametric Spearman Rank Correlation between variables

(equivalent to lag 0 nonparametric cross correlation). _ I

DO % Conductivity Level Temp •
Isaturation

Lake Reba DO
R 0.95 0.10 -0.11 0.26 •

iP <0.001 <0.001 <0.001 <0.001

N 3925 3931 2855 3932 m

Lake Reba DO R 0.20 -0.30 0.52 i
% saturation P <0.001 <0.001 <0.001

N 4225 3198 4226 i
i

Lake Reba R .0.80 0.34

Conductivity P <0.001 <0.001 i
N 2855 4233

LakeReba R .0.46 •
iLevel P <0.001

N 2855 m

NP3 DO R 0.97 0.03 .0.23 0.45 I -_
P <0.001 <0.001 <0.001 <0.001

N 3202 3202 1745 3202 i
i

NP3 DO % R 0.16 -0.43 0.60

saturation P <0.001 <0.001 <0.001 R
N 3501 2043 3501

NP3 R -0.76 0.39 •
iConductivity P <0.001 <0.001

N 2325 3783
i

NP3 Level R -0.74 i
P <0.001

N 2325 I
R: S )earman Rank Correlation Coefficient

P: Probability that Correlation= 0 I
i

N: Sample size

!
f- ,ii
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I
I 5.6 Appendix D3. Autocorrelation and Partial Autocorrelation Coefficient

_" I Graphics

i Appendix D3. Figure 1.
Autocorrelation and partial autocorrelation functions of (untransformed) time series data for:
DO concentration and DO %saturation in Northwest Pond Cell 3 and Lake Reba: full time

I series.

Appendix D3. Figure 2.

Autocorrelation and partial autocorrelation functions of (untransformed) time series data

for: temperature and conductivity in Northwest Pond Cell 3 and Lake Reba: full time

series.

I
Appendix D3. Figure 3,

I Autocorrelation and partial autocorrelation functions of (untransformed) time seriesdata for:
water level in Northwest Pond CeU 3 and Lake Reba: full time series.

f|
Appendix D3. Figure 4.

I Autocorrelation and partial autocorrelation functions of (differenced) time series data for: DO
concentration andDO % saturation in Northwest Pond Cell 3 and Lake Reba: full time series.

Appendix D3. Figure 5.

Autocorrelation and partial autocorrelation functions of (differenced) time series data for:

I temperature and conductivity in Northwest Pond Cell 3 and Lake Reba: full time series.

Appendix D3. Figure 6.
Autocorrclation and partial autocorrclation functions of (differenced) time series data for: water

I level in Northwest Pond Cell 3 and Lake Reba: full time series.

Appendix D3. Figure 7.
Autocorrelation and partial autocorrelation functions of (untransformed) time series data for DO

i concentration in Northwest Pond Cell 3 and Lake Reba: control and treatment period time series.

Appendix D3. Figure 8. AR 034487
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I
Autocorrelation and partial autocorrelation functions of (untransformed) time series data for DO I
percent saturation in Northwest Pond Cell 3 and Lake Reba: control and treatment period time
series. -

I
Appendix D3. Figure 9.

n

Autocorrelation and partial autocorrelation functions of (untransformed) time series data for I
water level in Northwest Pond Cell 3 and Lake Reba: control and treatment period time series.

n

Appendix D3. Figure 10.

Autocorrelation and partial autocon'elation functions of (untransformed) time series data for B
water temperature in Northwest Pond Cell 3 and Lake Reba: control and treatment period time
series.

Appendix D3. Figure 11.

Autocorrelation and partial autocorrelation functions of (untransformed) time series data for I
conductivity in Northwest Pond Cell 3 and Lake Reba: control and treatment period time series.

,am

Appendix D3. Figure 12. n

Autocorrelation and partial autocorrelation functions of (differenced) time series data for DO
concentration in Northwest Pond Cell 3 and Lake Reba: control and treatment period time series. I

Appendix D3. Figure 13. I

Autocorrelation and partial autocorrelation functions of (differenced) time series data for DO % •
saturation in Northwest Pond Cell 3 and Lake Reba: control and treatment period time series. H

• Appendix D3. Figure 14. I

Autocon'elationandpartial autocon'elationfunctionsof (differenced)time seriesdata for water

level in Northwest Pond Cell 3 and Lake Reba: control and treatment period time series, i

Appendix D3. Figure 15. i
Autocorrelation and partial autocorrelation functions Of(differenced) time series data for water

temperature in Northwest Pond Cell 3 and Lake Reba: control and treatment period time series. I

I
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I Appendix D3. Figure 16.

Autocorrelation and partial autocorrelationfunctions of (differenced) time series data for
| conductivity in Northwest Pond Cell 3 and LakeReba: control and treatment period time series.
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Appendix D3. Figure 5.

I Aut_orrelation and partial aut_orrelation functions of (differenced) time series data for:temperature and conductivity in Northwest Pond Cell 3 and Lake Reba: full time series.
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-_ Appendix D3. Figure 6.

Autocorrelation andpapal autoco=elation functions of (differenced) time series datafor: water
level in Northwest Pond Cell 3 and Lake Reba: full time series.
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Appendix D3. Figure 7.

I Aut_:orrelation and partial auto¢orrelationfunctions of (untransformed) time serie_dat_ for DOconcentration in Northwest Pond Cell 3 and Lake Reba: non deicing and deicing periodtime series.
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Appendix D3. Figure 8.

I Autocorrelation and partial autocorrelation functions of (untransformod) time series data for DO %saturation in Northwest Pond Cell 3 and Lake Reba: non deicing and deicing period time series.
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I Autocorrelation and partial autocorrelation functions of (untransformed) time series data for water
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I Autocorr¢]adon andpazda]autocorrc|ation functions of (untransformed)time seriesdatafor water
temperature in Northwest Pond Cell 3 and Lake Reba: non deicing and deicing period time series.
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Appendix D3. Figure 11.

I Autocorrelation and partial autocorrelation functions of (untransformed) time seriesdata forconductivity in Northwest Pond Cell 3 and Lake Reba: non deicing and deicing period time series.
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Appendix D3. Figure 12.

I Autocorrelation and partial autocorrelation functions of (differenced) time seriesdata for DO
concentration in Northwest Pond Cell 3 and Lake Reba: non deicing and deicing period time series.
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i Autocormlationandpartialautocorrclationfunctionsof(differenced)timeseriesdataforDO %saturation in Northwest Pond Cell 3 and Lake Reba: non deicing and deicing period time series.
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Appendix D3. Figure 14.

I Autocorreladon and partialautocorreladon functions of (differenced) time series data for water
!....1 ;n _r_rthw._r PnnH _e|l _ AntiLake Reba: non deicing, and deicin_ periodtime series.
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Appendix D3. Figure 15.

i Autocorrelationandpartialautocorrelationfunctionsof (differenced)time series datafor watertemperaturein NorthwestPondCell 3 andLake Reba:non deicing and deicing period time series.
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Appendix D3. Figure 16.

m Autocorrelation and partial autocorrelation functions of (differenced) time series data forconductivity in Northwest Pond Cell 3 and Lake Reba: non deicing and deicing period time series.
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I

5.7 Appendix D4. Graphs of Cross Correlation Coefficients

I
Note: PD = percent change

I 1,6, 8 = hoursof change

I DO = DO concentrationDOS = DO % saturation

T = Temperature

I C = Conductivity
L = Level

I NP = NP3

i LR = LakeReba

Forexample:

I
PD1DONP = percent change over I hour intervals in DO concentration at

- I NP3

PD6TLR = percentchangeover6 hourintervalsintemperatureat Lake

I Reba

I Appendix D4. Figure 1.

Cross-correlationfunctionsof(untransformed)time seriesdata for:.DO concentration
andDO % saturation,water level,temperature,andconductivityinNorthwestPondCell

I 3 andLake Reba.

I Appendix D4. Figure 2.
Cross-correlationfunctionsof (untransformed)timeseriesdatafor:DO % saturation

I andwater level,temperature,and conductivityin NorthwestPondCell 3 andLake
Reba.
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I
Appendix D4. Figure 3. _ I
Cross-correlation functionsof (untransformed)time seriesdatafor: temperature,water

level,and conductivityin NorthwestPondCell 3 and LakeReba.

Appendix D4. Figure 4. i

Cross-correlationfunctionsof (untransformed)timeseriesdatafor percentchanges IB

over I hour periods in: (column 1) DO concentration with DO % saturation, water level, I

conductivity,and temperature; (column2) DO % saturationwithwater level, a
conductivity,and temperature;andwater levelwithconductivityfor NorthwestPondCell

3: fulltimeseries. I
II

Appendix D4. Figure 5.

Cross-correlationfunctionsof (untransformed)timeseriesdatafor percentchanges

over I hourperiodsin: (column1) water levelwithtemperature,conductivitywith

temperaturein NorthwestPondCell 3; DO concentrationwithDO percentsaturation, 1

water levelin LakeReba and(column2) DO concentrationwith conductivity,and

temperature;DO % saturationwithwater level andconductivityinLake Reba: fulltime -_ 1
series.

!
Appendix D4. Figure 6. •

ICross-correlationfunctionsof (untransformed)timeseriesdatafor percentchanges

over I hourpedodsin:DO % saturationwithtemperatureandwater level; water level •
withtemperature,conductivitywithtemperaturefor Lake Reba:fulltime series.

Appendix D4. Figure 7. I

Cross-correlationfunctionsof (untransformed)time seriesdatafor percentchanges 1
over6 hourperiodsin:(column1) DO concentrationwith DO % saturation,water level,

conductivity,and temperature; (column2) DO % saturationwithwater level, 1
I

conductivity,and temperature;and water levelwith conductivityfor NorthwestPondCell

3: full timeseries. 1
I
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I Appendix D4. Figure 8.

Cross-correlation functions of (untransformed) time series data for percent changes

\ _ over 6 hour periods in: (column 1) water level with temperature, conductivitywith

temperature in Northwest Pond Cell 3; DO concentration with DO percent saturation,

I water level in Lake Reba and (column 2) DO concentrationwith conductivity,and

temperature; DO % saturation with water level and conductivity in Lake Reba: full time

I series.

Appendix D4. Figure 9.

i Cross-correlation functions of (untransformed) time series data for percent changesover 6 hour periods in: DO % saturation with temperature and water level; water level

i with temperature, conductivity with temperature for Lake Reba: full time series.

i Appendix D4. Figure 10.Cross-correlationfunctions of (untransformed) time series data for percent changes

i over 8 hour periods in: (column 1) DO concentration with DO % saturation, water level,f conductivity, and temperature; (column 2) DO % saturation with water level,

conductivity, and temperature; and water level with conductivity for Northwest Pond Cell

I 3: full time sedes.

I Appendix D4. Figure 11.

Cross-correlation functions of (untransformed) time series data for percent changes
over 8 hour periods in: (column 1) water level with temperature, conductivitywith

temperature in Northwest Pond Cell 3; DO concentration with DO percent saturation,
water level in Lake Reba and (column 2) DO concentration with conductivity, and

i temperature; DO % saturation with water level and conductivity inLake Reba: full time
series.
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Appendix D4. Figure 12.... I

Cross-correlationfunctionsof (untransformed)timeseriesdatafor percentchanges

over8 hourperiodsin:DO % saturationwithtemperatureandwater level;water level I

withtemperature,conductivitywithtemperaturefor LakeReba:fulltimeseries. i
Appendix D4. Figure 13. ICross-correlationfunctionsof (untransformed)comparingtimeseriesdatain NP3 and

LakeReba for:DO concentration,DO % saturation,waterlevel,temperature,and Iconductivity;full timeseries.
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5.8 Appendix DS. Box Plots of Lake Reba and NP3 data. ?:

Appendix D5. Figure 1.

Boxplotsof DO concentration,6 hourchangesin DO concentration,and6 hourpercentchangesin DO concentrationat NP3 andLakeRebaduringcontrol periodsandthe two

weektreatmentperiods.

Appendix DS. Figure 2.Boxplotsof DO percentsaturation,6 hourchangesinDO percentsaturation,and6

Appendix D5. Figure 3.

Boxplotsof conductivity,6 hourchangesin conductivity,and 6 hourpercentchangesin
conductivityat NP3 andLake Reba duringcontrol periodsand the twoweektreatment

periods.

I Appendix D5. Figure 4.
Boxplotsof temperature,6 hourchangesintemperature,and 6 hourpercentchanges

intemperatureat NP3 and LakeReba duringcontrolperiodsandthe two week
treatmentperiods.

!
Appendix D5. Figure 5.

I Boxplotsof water level,6 hourchangesinwater level,and 6 hourpercentchangesin
water levelat NP3 and Lake Rebaduringcontrol periodsand the twoweek treatment

I periods.

I
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Appendix D5. Figure2.

I Box plots of DO percent saturation, 6 hour changes in DO percent saturation, and 6 hour percentchanges in DO percent saturation at NP3 and Lake Reba during nondeicing periods and the two _--

weeknon deicingperiods.
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i Appendix D$. Figure 3.

- Box plots of conductivity, 6 hour changes in conductivity, and 6 hour percent changes in

id conductivity at NP3 and Lake Reba during nondeicing periods and the two week non deicing
periods.
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I Box plots of temperature, 6 hour changes in temperature, and 6 hour percent changes in temperatureat NP3 and Lake Reba during nondeicing periods and the two week non deicing periods.
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I
I 5.9 Appendix D6. Cross-correlation functions of physical variables and DO

I Temperature-level:_Although the correlation between temperature and level was

predominantly negative and did not have a strongtemporal component during the

I controlperiod at either pond (Figures 3 and 4), during the two-week treatment period

(i.e., temporal definition of deicing), the cross-correlations between time and level were

I generally positiveand appeared to be affected by time. The CCF for the signal-based

i and time-based treatment periods were quite different at the two ponds (comparecolumns 2 and 3 in Figure 3 and columns 2 and 4 in Figure 4). It may be interesting

i that during the time that a signal was present at Lake Reba (Figures 3 and 4, right handcolumn where LREVENT = 1) the CCFs of the two ponds were quite similar although

i they were experiencing different amounts of deicing chemicals at this time (i.e., thesignal based definitiondiffers between the two sites). This kind of finding may indicate

1 that some other unmeasured variable was controllingthe temperature-level relationship.

I Level-Conductivity: Because sample sizes vary greatly between the treatment and
control periods, itwas difficult to know whether the subtle differences among the level-

I conductivityCCFs at Lake Reba represent real changes in the correlation structure or
effects of samples size. At NP3, on the other hand, the CCFs for all the treatment

I periods (predominantly but weakly positive) were quite different from the CCF for the
control period (strongly negative). As with temperature and conductivity, the periodof

i time that a signal was present at Lake Reba seems to be a time that the level-
conductivityrelationship was different than during the longer time periods of the

i temporal and signal-based treatment periods at NP3.

I Temperature-conductivity: The sign of the cross correlation coefficients changes during
the treatment periods (both definitions) at both ponds. In addition, as with the other in

I Figures 3 and 4, time lag has a greater effect on the cross correlation coefficient during
the treatment period than during the control period. Once more, at NP3, the CCF for

] AR 034530
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!
the period of signalpresenceat Lake Reba had a markedlydifferentshape than all the _ I
othertreatment CCFs. ,

Appendix D6. Figure 1. !

Cross-correlationfunctionsof DO percentsaturationand DO,water level,temperature, I
and conductivityat NP3 duringcontroland treatmentperiods. InColumn1 (deicewks,

control) and Column2, (deicewks,treatmentperiod),the treatmentperiodwas the I
entiretwo-weektreatmentperiod. In Column3 (Npevent,present),the treatmentperiod

was the periodof timethata deicingsignalwas presentat NP3. In Column4 (Lrevent, I
present),the treatmentperiodwasthe periodof timeduringwhichtherewas a deicing

signalpresentat Lake Reba. I

Appendix D6. Figure.2. I
Cross-correlationfunctionsof DO percentsaturationand DO, water level,temperature,

andconductivityat Lake Reba duringcontrol and treatmentperiods. In Column1 I
(deicewks,control) andColumn2, (deicewks,treatmentperiod),the treatmentperiod

.....|was the entire two-week treatmentperiod. In Column3 (Npevent,present),the r i.
treatmentperiodwas the periodof timethat a deicingsignalwas presentat NP3. In

Column4 (Lrevent,present),the treatmentperiodwas the periodof timeduringwhich I
therewas a deicingsignalpresentat Lake Reba.

I
Appendix D6. Figure 3.

Cross-correlationfunctionsof water level and conductivity,temperature.and I

conductivity,and water leveland temperatureat NP3 .duringcontrol andtreatment

periods. In Column1 (deicewks,control) and Column2, (deicewks,treatmentperiod), I

the treatmentperiodwasthe entiretwo-week .treatmentperiod. In Column3 (Npevent,

present),the treatmentperiodwasthe periodof time that a deicingsignalwas present I

at NP3. In Column4 (Lrevent,present),the treatmentperiodwas the periodof time

duringwhichtherewas a deicingsignalpresentat Lake Reba. I

AR 034531 I
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I
/ Appendix D6. Figure 4.

i Cross-correlationfunctionsof water level andconductivity,temperatureandconductivity,and water levelandtemperatureat LakeRebaduringcontroland

i treatmentperiods. In Column1 (deicewks,control) andColumn2, (deicewks,treatmentperiod),the treatmentperiodwasthe entiretwo-weektreatmentperiod. In

I Column3 (Npevent,present),the treatmentperiodwas the periodof timethata deicing
signalwas presentat NP3. In Column4 (Lrevent,present),the treatmentperiodwasthe

i periodof timeduringwhichtherewas a deicingsignalpresentat Lake Reba.

I Appendix D6. Figure 5.
Scatterplotsof water leveland temperature,waterleveland conductivityat NP3. In

I. Column1 (deicewks,control, treatmentperiod),the treatmentperiodwasthe entire
two-weektreatmentperiod. In Column2 (Npevent,signalpresent,signalnotpresent),

i the treatmentperiodwas the periodof timethat a deicingsignalwas presentat NP3. In
Column3 (LRevent,_signalpresent,signalnotpresent),the treatmentperiodwasthe

_== periodof timeduringwhichtherewasa deicingsignalpresentat Lake Reba.

I Appendix D6. Figure 6.
Scatterplotsof conductivityand temperature,conductivityand DO % saturationat NP3.

i In Column1 (deicewks,control, deicingperiod),thetreatmentperiodwastheentire
two-weektreatmentperiod. InColumn2 (Npevent,signalpresent,signalnotpresent),

i the treatmentperiodwas the period of time that a deicingsignalwas presentat NP3. In
Column3 (LRevent,signalpresent,signalnotpresent),the treatmentperiodwasthe

i periodof timeduringwhichtherewasa deicingsignalpresentat Lake Reba.

I Appendix D6. Figure 7.
Scatter plotsof water leveland temperature,water levelandconductivityat LakeReba.

In ColumnI (deicewks,control, deicingperiod),the treatmentperiodwasthe entire
two-weektreatmentperiod. In Column2 (Npevent,signalpresent,signalnotpresent),

I the treatmentperiodwas the periodof timethata deicingsignalwas presentat NP3. In

AR 034532
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Column3 (LRevent,signal present,signalnotpresent),the treatmentperiodwas the - .I
periodof time duringwhichtherewasa deicingsignalpresentat LakeReba.

I

!
Appendix D6. Figure 8.

Scatterplotsof conductivityand temperature,conductivityand DO % saturationat Lake I
i

Reba. In Column 1 (deicewks, control, deicing period), the treatment periodwas the
entiretwo-weektreatmentperiod. In Column2 (Npevent,signalpresent,signalnot i

present),the treatmentperiodwasthe periodof timethat a deicingsignalwaspresent

at NP3. In Column3 (LRevent,signalpresent,signalnotpresent),the treatmentperiod i
was the periodof timeduringwhichtherewas a deicingsignalpresentat LakeReba.

!
Appendix D6. Figure 9.

Cross-correlation functionsof DO percentsaturationat Lake Rebaand NP3 and I

i

conductivityat Lake Reba and NP3duringcontrol and treatmentperiods. In Column1
i

(deicewks), the treatment period wasthe entiretwo-weektreatmentperiod. In Column i

2 (LRevent),the treatmentperiodwasthe period of time duringwhichtherewas a

deicingsignalpresentat Lake Reba. In Column3 (NPevent),the treatmentperiodwas .....

the pedodof timethat a deicingsignalwas presentat NP3. m

Appendix D6. Figure 10. =

ScatterplotsDO percentsaturationat Lake Reba and NP3 andconductivityat Lake i

Reba and NP3 duringcontroland treatmentperiods. In Column1 (deicewks),the

treatmentperiodwas the entiretwo-weektreatmentperiod. In Column2 (LRevent),the

treatmentperiodwas the pedod of timeduringwhichtherewas a deicingsignalpresent

.at LakeReba. In Column3 (NPevent),the treatmentperiodwas the periodoftime that

a deicingsignalwas presentat NP3. i

I

I
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i Appendix D6. Figure I.
Cross-correlation functions of DO percent saturation and DO, water level, temperature, and
conductivityat NP3 duringnon-deicingand deicingl_riods. In Column 1 (deicewks,no
deicing) and Column 2, (deicewks, deicing period), the deicing period was the entire two-week
deicing period. In Column 3 (Npevent, present), the deicing period is the period of time that a
deicing signal was present at NP3. In Column 4 (Lrevent, present), the deicing period was the

I period of time during which there was a deicing signal present at Lake Reba. ECYO0015902.
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Cross-correlation functions of DO percent saturation and DO, water level temperature, and

I conductivity at Lake Reba during non-deicing and deicing periods. In Column 1 (deicewks, nodeicing) and Column 2, (deicewks, deicing period), the deicing period was the entire two-week
deicing period. In Column 3 (Npevent, present), the deicing period is the period of time that a --

I .deicingsignalwas presentatNP3. InColumn 4 (Lrcvcnt,present),thedeicingperiodwas theperiod of time during which there was a deicing signal present at Lake Reba.

I ECYO0015903



I
|
'_ NPLEVELwithNPCOND NPLEVEL_ NPCOND NPLEVELwithNPCOND NPLEVELwithNPCOND

OEIC_'Wt(S:0 m_ OBCEWt(S: I eeci__ NPEVENT; 1 _ _ 1 pmmt

i .I, • JI,

I M-"- ............... U w- U ILO ._....__-.I, dl -JI dud=

40 .q 4 ,d e • I 12 le -W ._ 4 4 # • • II le -Ul .41 4 ,4 • 4 I I_ `4d oll 4 ,4 • • | II I

• N -SO 4 • | | 10 t4 44 -10 4 4 | I tO M -t4 -m `4 4 | • te M 44 40 4 `4 I • m M

L_ LtONm_ _ Uq_

l NPTEMP_ NPCONO NPTEMP_ NPC,OND NPTEMPwithNP_ NPTEMPwithNPCOND
¢1 t.I tJI I.I)

I [WIWIfllJll'
IMI r._ ........ -llllllllllllll I -- lip .....

iiii I .... I_

-glllllllllle _ _--

i ,JI "ill -.11, _'l_" UlII

•u-u .. 4 i _ i'"_ X 4-q .4 .4 , . I u u .ti.u 4 .4 , , I u I .(I-(l*4 4 * 4 * _ u
_ ._ 4 • l I l N 44"11.11 4 I I IN _ 4 4 4 l I iN 44"414 4 I I i M

l LagNumi I.agNumbl ,, Lal_ UtONue_

NPLEYB.WithNPTB_P I_ wl_ NFT'BAP NPL.EVEL_ NPT_4P NPt.EVB.withNPTE_eP
_: 1 pmoiet

-_! OEIGEWI(¢ 0 mdill¢_i OEICEWKS: 1 a_dniped= NPEVlg¢I': I _ u

J 1,1 f._

,,.tlllllllliflilia

WJm mh.............
-.111;11111 IIIIIIIIIIIIIII .IllUlIIIIIIIUi

,,--- ,,,-,,,," "'111
lilt'" _ --II

i .14-f_ `4 ,4 I 4 8 II $1

<(I .ll 4 `4 0 4 8 tl tl ,48 -ll 4 ,4 O 4 t I tel `41 -It 4 ,4 I 4 l tl tl 44 ,40 4 4 8 l II 14

44484 • I • _ M .M-5_ 4 `4 I e _ _ `44,40 4 4 I I _ M

1.1_Nwllr
t_,,m,, I._,WW I_lm,mr

!
!
i Appendix D6. Figure 3.

Cross-correlation functions of water level and conductivity, temperature and conductivity, and

g water level and at NP3 during non-deicing and deicing periods. In Column 1
temperature

(deicewks, no deicing) and Column 2, (deicewks, deicing period), the deicing period was the
entire two-week deicing period. In Column 3 (Npevent, present), the deicing period is the period

i of time that a deicing signal was present at NP3. In Column 4 (Lrevent, present), the deicingperiod was the period of time during which there was a deicing signal present at Lake Reba.
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i Appendix D6. Figure 4.Cross-correlation functions of water level and conductivity, temperature and conductivity, and

water level and temperature at Lake Reba during non-deicing and deicing periods. In Column 1

I (deicewks, no deicing) and Column 2, (deicewks, deicing period), the deicing period was theentire two-week deicing period. In Column 3 (Npevent, present), the deicing period is the period
of time that a deicing signal was present at NP3. In Column 4 (Lrevent, present), the deicing

i period was the period of time during which there was a deicing signal present at Lake Reba.
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Appendix D6. Figure $.

i Scatter plots of water level and temperature, water level and conductivity at NP3. In Column 1(deicewks, no deicing, deicing Period), the deicing period is the entire two-week deicing period.
In Column 2 0Npevent, signal present, signal not present), the deicing period is the period of time
that a deicing signal was present at NP3. In Colulnn 3 (LRevent, signal present, sign...alnot

• present), the deicing period is the period of time during which there was a deicing signal present
at Lake Reba.
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D6. 6.

Scatter plots of conductivity and temperature, conductivity and DO % saturation at NP3. In

m Column 1 (deicewks, no deicing, deicing period), the deicing period is the entire two-weekdeicing period. In Column 2 (Npevent, signal present, signal not present), the deicing period is "-_.
the period of time that a deicing signal was present at NP3. In Column 3 (LRevent, signal
present, signal not present), the deicing period is the period of time during which there was a

m deicin)zsi)znalvresentatLake Reba. AR 034539 ECYO00 15o07



,- " •(.1 • U " "

:. :'.'." _'I ' :" _| _IPF"....._"-'--""_ _ ,, :,o__.._. r _ _ _ :L..._-- r"---""-"_--"---.

I t.i I_lmt.mln i.al.n,m,i_ n I.¢k.P,,mI.._lIt
OE_KS: 1 d_ _ uNP[YENT: 1 _ L.P,b"V[NT: I pmunt

, .. ,.,, ...,"...."I .f • '_"; :'."

I ib i ' ': "
_ R_aa _ / _ R_m_wWR

-- "-...180 %,,;¢

I" _"'" I 1| " :.'.:.. :.'.:.-.
• ! • t

i.- i !
I :.__: " " :---: " " :---: " "

I OEICEWKS:1 detdngpedcxl NPEVENT:I pr_mt LREVENT:1 I=nm_
.m im

-! ;.. ,,..
am, r == am , _ •

I':" :.:'..'-. ": : ' ;"q." . ..'_ • .... . • . .

,.,... !-, i.m, 1 . ".'': =' '': • •

li " " | "'_ ..° see _, ...° .° •

,4, %'%='" _' %'%""" T _ "" """4 I III ? • 4 • • I 4.1 U U U U T.(I I'& U U

i I,Idimtl_ I.,_ It t,lilm I_a/I,,l_ It t,iko Rima t,ovelIt
Appendix D6. Figure 7.

Scatter plots of water level and temperature, water level and conductivity at Lake Reba. In

I Column I deicing period), the deicing period is the entire two-week
(deicewks, no deicing,

deicing period. In Column 2 (Npevent, signal present, signal not present), the deicing period is
- the period of time that a deicing signal was present at NP3. In Column 3 (LRevent, signal

present, signal not present), the deicing period is the period of time during which there was a
I_ deicing signal present at Lake Reba.

I AR 034540 ECYO0015908



i
W •

I °l
_o'1'-.'" " " / "'l- ,_.. v. '_, 'l • .'.

"" " Ii /'" " ""_'".,,_.." / I . •'_u_ _ ." .,'; j "'" '%"

"i :"":,. J."J_ ....-..... /_",_ !i %._._..-- - " - ?._._..-- -.- -

i _ _ _ *I _a6--_ "_ o IW

-. ,..:,:..-_? i . . .

,!il "*::"1 J! ',::1 '8 :'.. •
• t " _':.

t .L ...... J J ""
Silo 140 10 I00 II leo UlO IIO 14l 110 rio IN IIO II IIO in 140 100 110 I00 I10 _ IllO

I _ _me._mmmy um _kmcemd_ La__m_m_tv_Appendix D6. Figure 8.

Scatter plots of conductivity and temperature, conductivity and DO % saturation at Lake Reba.
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I
I
I 5.10 Appendix D7. Summary of ARIMA model results.

I Table 1. Akaiki Information criterion and Residual variance for each ARIMA
model fit to the data in each pond.

I site ARIMA AIC Standard Residual

I parameters .Error Variance
LR 1,1,1 16,231.5 1.64 2.69

i 1,1,0 16,266.8 1.65 2.720,1,1 16,342.3 1.66 2.77

1,0,0 16,628.5 1.72 2.96

I 0,1,0 16,637.1 1.72 2.97

0,0,1 29,614.3 8.00 64.09

I NP3 1,1,1 17,305.9 2.86 8.18
0,1,1 17,311.5 2.86 8.19

I 1,1,0 17,315.8 2.86 8.20
(_- 1,0,0 17,366.1 2.88 8.32

i 0,1,0 17,388.8 2.89 8.370,0,1 24,008.9 7.49 56.13

I
I
I
I
I
I
] AR 034543
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I
I 6 APPENDIX E CHEMICAL APPLICATION SUMMARY

d
This appendixcontainsthe listof chemicalapplicationsrecordedand suppliedby POS

I AviationMaintenance. It does not reflectany correctionsthatthe datain this report
suggest. Corrections,as indicatedbytracerdatadiscussedinthe report,are

n incorporatedinthe summarytablesinthe AppendixF. Applicationswere summarized
foreachSDS subbasinanddrainagearea correspondingto the samplingpointsusedin

n thisstudy.These applicationswere allocatedto SDS subbasins(anddrainageareas
correspondingto samplinglocationsusedinthisproject)baseduponnomenclature

i used by POS maintenanceforapplicationareasandthe correspondingdrainage
systemsas shownon drawingSTIA-9918.

!
q
!
I

!
!
i
|
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I 1999- 2000ChemicalApplicat_nSummary
Sea-TacInternationalAirport

Summary of 2000 Ground Deicing Chemical Applications

I
1112/2000 530 South EmployeeLot (_ MA CMA (1/2) 10000 10000 NA !DME1/24/2000 800 Fire Station AOA & Roadside CMA (1/2) 2001 200 SDE4 DME

['1112/2000 900 northLot (Ib) ,.o,1/24/20001 700 NorthEmpl lot to 160thAircar_o i i CMA (1/2) 9001 900 SDN1 N1
1/24/2000 900 160th East to Hy 99 & back / CMA f1121 12001 1200 NA NA
1/11/2000 30 16/R 34/L E36 635 AF AF
111112000 130 16/L 34R E36 1697 AF IAF
1/11/2000 154 16/L 34R E36 612 AF iAF
111112000 415 16/L 34R E36 1362 AF AF
1/11/2000 435 16/R 34/L &TW/Q &TWl E36 1430 AF AF
1/12/2000 215 16/R 34/L E36 1047 AF AF
111912000 430 Touchdown area 34/R E36 204 SDS4 S[ AF
1/1912000 445 Touchdownarea 34/L E36 237 SDS3 AF
111912000 500 Southend B/TW over 188th tunnel E36 31 SDS4 sr AF
1/11/2000 315 TW/A E36 443 SDE4 DME
1/12/2000 115 Gate El00 E36 50 SDE4 DME

1/12/2000 215 AOA rd So Hard stand _ _36 2--_ 5 _ SDE4 DME
1/12/2000 245 170th Brg to Clock freeway N&S q E36 125 SDE4 DME
1/12/2000 300 Hill behindD concourse m E36 75 SDE4 DME

_ 1/12/2000 305 BITW & A/TW ._ E36 1195 SDE4 DME

1/12/2000 400 Bus Route E36 150 SDE4 DME
1/12/2000 505 So Sat & No Sat & N/P E36 717 SDS1 DME

1/12/2000 620 Upper Dr _ E36 15 SDE4 DME
ea E36

1/12/2000 630 Lower Dr 25 SDE4 DME
1/12/2000 645 170thBrg no _ E36 25 SDE4 DME
1112/2000 700 170th Brg so I_ E36 5 SDE4 DME
111912000 229 Air(argo 4 to 161th east _ E36 3 SDE4 DME

_ 1/19/2000 231 A r(arqo 4 parkinglot [] E36 1 SDE4 DME
1/28/2000 500 upper Dr south as E36 5 SDE4 DME
1112/2000 608 160thBrq M E36 15 SDN1 N1

• 1/18/2000 600 Air(argo road 160th to 154th E36 50 SDN1 N1

I 111912000 525 Air(arqo Rd 160th northto 154th E36 10 SDN1 N11119/2000 525 _ Rd 154th to 160th . E36 10 SDN1 N1
1/11/2000 100 ParkingG spiralsNo & So E36 100 IWS NA
1/11/2000 130 ParkingG Exit lane 110 E36 10 IWS NA

I 1111/2000 200 Parking G Exit from oversize lot E36 5 IWS NA1111/2000 230 Parkincj_GExit toll_aza E36 10 _ IWS NA
1111/2000 300 Parking G taxi lot E36 10 IWS NA
111112000 315 ParkinqG 3rd floor enterance E36 10 IWS NA

I 1111/2000 330 Dan Bakerroad (3rd floorenter.) E36 5 IWS NA1/12/2000 130 Gate E185 E36 50! IWS NA
1112/2000 200 South Hard Stand E-36 25 SDS4 NA
1112/2000 230 Cargo4 Eo36 25 IWS NA

I 1/1912000 225 Airoar_lo4 fuel pumps E36 1 IWS NA111912000 200 160thstreet east & west SA (1/2) 250 250 NA NA
111912000!230 NorthEmDIoeelot SA(1/2_ 1650 1650 NA NEPL
1/19/2000 i 630 UPl_erDrsouth SA 350 SDE4 DME

" 1/19/2000 630 From 170thbridQenorth to clock ISA 2125 SDE4 DME1/1912000 630 _ SA 350 SDE4 DME
111912000 6301170th bridgeNo & So to clock SA 4250 SDE4 DME
111912000 645 Fromclocksouth to 170th brk:l_le SA 4000 _ SDE4 DME

I 111912000 545 From170thbridQenorth to clock SA 4000 SDE4 DME1/19/2000 645 on ramp 170th SA 50 _ SDE4 DME
111912000 645 offramp 170th S_AA 50 _ SDE4 DME
111912000 645 Fromclocksouth to 170th bridQe SA 4000 SDE4 DME

I 1/1912000 645 From170thEmpibrid.qenorthAircarc=ot°clock SA 4000 SDE4 DME

111912000 545 onramp 170th SA 50 SDE4 DME
1/19/2000 645 offram_ 170th SA 50 SDE4 DME
1/24/2000 500 AircarooRd 160thnorthto 164th SA 1345 SDN1 N1
1/24/2000 500 North lot to 160th SA 1345 SDN1 N1

i 12/3/1999 400 ISo EmplLot 1 !NA DME

I 2000d'mmappreformat 1/3/2001 AR 034556 E CY0001 5924



I 1999 - 2000 Chemical Application Summary
Sea-Tac International Airport

I Summary of 2000 Ground Deicing Chemical Applications

I 12/8/1999' 915 So EmpI Lot 17001NA DME1111/2000 430 MultiLane-R/lane _" 1001SDE4 DME

1112/2000 30 Upper& Lower Dr _ 11,0001SDE4 DME
1112/2000 30 Upper & Lower 'Dr .k-_i_ .._ 11_000_SDE4 DME

I 1/12/2000 300 Upper & Lower Dr _:_ .____ 11000 SDE4 DME

1112/2000 300 Upper & Lower Dr _ 11000 SDE4 'DME
1112/2000J 400 Southremote Lot 1475 NA DME
1112/2000, 430 Gate E-100 75SDE4 DME

I 1/12/2000 500 SouthLot _ 50SDE4 DME111912000 645 188thNo to Tunnelon Aircargorcl 845 NA DME
1/19/2000 655 Ai_ca_o rd So Tunnel to 188th st _--._ 845 NA DME
1119/2000 800 South Parkinglot _ 800 SDE4 DME

I 1/19/2000 645 Southenterance to parkinq ,Pf*_.jm=m 820 SDE4 DME111912000 900 Lower DR & UpperDR I 1000 SDE4 DME
1/1912000 900 Northenterance to parkinggar tge _ 200 SDE4 DME
1/19/2000 900 downramp to parkinggarage., m 820 SDE4 DME

I 1128/2000 2200 South GT lot _ 30 SDE4 DME12/2711999 600 150thBrige 50 .SDN1 N1
1/11/2000 530 AircarcloRd north _ 6000 ISDN1 N1

ii ] 1/12/2000 500 Biffl/Dump _ 50 ,WS NA

1112/2000 500 E-185 50 IWS NA

1/12/2000 515 Delta EmploleeLot _ 50 IWS NA
1115/2000 530 infront of cj Bus - Limo lot 160th st _ 100 .NA NA
1112/2000 300 noahLot i _ 1525 NA NEPL

I I 1112/2000 430 NorthLot _ 50NA NEPL
i118/2000 635 Nurth Emploee Parking,lot 3200 NA NEPL
111912000 800 NorthEmpIoee lot _ 3320 NA NEPL

1. "CMA(1,'2)"andSA(1/2)mean50/50sand/chemicalmixtureapplied(soltd)

q 2. Sandusedon "roadside"hadminoramountof liquidE36 (potassiumacetate)six'dyedon to preventfreezing.-- 3. Chemicalapplicationtrucksusedon theAOAPave"dickeybox"computer¢ortln)Uer/llowmetersthatcalculatequantitiesto higherprecision,
hencethe numberof signifk:antfiguresonsomePA qtys.
4. applicationswereallocatedto SDS subbasins(anddrainageareascom_pondlngto samplingIocalk)nsusedinthisproject)basedupon

I rlomenclatumusedforapplicationareasendcorrespondingdrainagesystemsasshownondrawingSTIA-9918.5. AJltimesindicatedforJanuary11tham assumedtobe forJanuary12thgiventhatfirstnoticeof chemicalapplicationswasgivenon January
!12,01:39AM. TherewerenofreezingtemperaturesnorfrozenprecipitationrecordedbytheNWS on January1lth.
r6. Allchemicalapplicabonsto theairfield(rumvaysandtaxiwaysas indicatedin thistable)werelumpedintoonevolumeand allocatedamongst

ItheSDS3,SDS4,SDN3andSON4subbasinsaccordingto thepercentof imperviousareaforeach subbasinrelativeto Uletotalimperviousam
of theentireairfielddrainage.

i E-36: PotassiumAcetate E-36
SA: SodiumAcetate
CMA: CalciumMagnesiumAcetate

!
|
I
i
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I
-I 7 APPENDIX F BOD ESTIMATES

I This appendix summarizes methods used to estimate theoretical BOD loads described

i inthisreport. Importantly,the estimatesof BOD attributableto ground-deicing
chemicalsare basedonlyonthe volumesapplied,as recordedandsummarizedin

i AppendixE andtablesinthe mainbodyof the report. That is,the loadestimatesdo not
necessarilyreflectwhatoccurredindischarges.All BOD estimatesare baseduponthe

i actualdataobtainedby Homer(1996) for BOD ratesof PAandCMA testedat 4°C over
periodsof one to 35 days. BOD attributableto SA°isassumedto be similarto CMA,

I whichis supportedbythe manufacturer'sMSDS (Cryotech,1999) andotherliterature
(Homer,1996b).

I
•BOD estimates are the product of chemicalvolume(eitherreportedorcalculated

I otherwise)and the BOD values(g BOD perg chemical)listedinthe tables,convertedto
poundsusingthe appropriatespecificgravitylistedonthe suppliers'MSDS. Glycol

( -_ volumesestimatedinSDS3 andSDE4 dischargesare the productsof sampleglycol
concentrationandtotaldischargevolumethat occurredduringthe samplingperiod.

!
Tables 7-1 through 7-4 showestimatesof BODfor the January11-12, 2000 ground-

I deicingevent. Tables 7-4 and7-7 comparethe BOD attributableto glycolsfound in
stormwatersamplesWithBODestimatedfor all chemicalsappliedduringthe January

2000 andDecember 1998 events,respectively.These twotableshighlightthe relevant
BODs.estimatescitedinthe textof Volume1, ExecutiveSummaryandSection2.4.

I Tables7-5 through7-7 showBOD estimatesfor the December24, 1998eventthat are
citedinthetextof Volume 1, Section2.4.

!
i
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i

Table 7-1 Total Volumes of Ground Deicers and ADAFs (glycols) during the I
January 11-12, 2000 event

_1 area PA, Ib CMA, Ib SA, Ib EG,ga, PG, gal PA,gal I
IDME (SDE41 30160 12300 0 285G
INWP (SDS3) 57548 0 0 5438 I

E ILR (NI, N31N4) 9048 4340 0 855
rlws 2381 0 0 =e

_ routhmr 0 0 0 0 I99,137 16,640 17 571 9,368
I'uses speicificgravityper MSDS of 1.275 I

note: Ethylene(EG) and Propylene(PG) glycolvolumesestimatedusingresultsfrom Jan 11-12 samples I
taken at SDS3 andSDE4. See Table 7-2 below.

I

Table 7-2 Estimates of Glycol Volumes from January 11-12, 2000 Deicing Event I
Stormwater Sam )le Results

sample results, mg/Itotalstormwa_ estimatedloads(gal) ADAFsapplied(gaiT" % escapeto SDS idischarge EG PG total total
outfall EG PG gly¢o_ volume.Tgal glycols EG PG total EG PG glycols

SDE4 4.5 7.47 12 303,417 1 2 4 734 14904 15638 0.2% 0.02% 0.02% iSDS3 9.47 355 364 1,600,973 15 568 563 734 14904 15638 2.1% 3.8% 3.7%

3 daytn_

Sum: 17 571 586 Jan 11-13 2.3% 3.8% 3.7% I

*From Flowlink 4.1 data: volume discharged during flow-weightedcompositesamplingperiod

"*as reportedto POS byairlines,includestotals indry periodpriorto firstrunoffsampled I

I
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i Table 7-3 BOD5 Estimates for Ground Deicing Chemicals Applied in January 2000

BOD5 Ib) Estimates for Jan 11-12 event only
PA° % of total CMA % of total ' SA % of total= sum % of total

i L. Reba 2,440 8% 790 3% - 0% 3,230 1
1%

NW Pond 15,540 52% - 0% - 0_ 15,540 52%
DME 8,140 27% 2,250 8% - 0% 10,390 35%

I IWS 640 2% - 0%4 - 0% 640 2%other - 0% 0% - 0% - 0%
total 26,760 90% 3,040 10% 0% 29,800 100%

* usingspecificgravityper MSDS of 1.275

i BOD5 Estimates for all events of 2000
(Ib) January

PA* % of.total CMA % of total SA 1%of total sum % of total

L. Reba 2,640 7°A 960 3% 790 2% 4_390 11%

NW Pond: 16,210 42% - 0% 0% 16,210 42%DME 10,360 27% 2,290 6% 4,260 11_ 16,910 44%

IIWS 650 2% - 0% 0% 650 2%
tother 0% 220 1% 50 0% 270 1%

I total 29,860 78% 3,470 9% 5,100 13% 38,400

I BOD ratesfrom literaturereviewandactualtestsconductedby Homer (1996)% of ultBOD as f(time) _ 4"C** R BODI¢ compound_i_4*C
type 1 5 10 2(_ type BOD1 BOD5 lult BOD
PA 51% 30% 56% 87% PA 0.46 02.7 0.9

i CMA 51% 30% 56% 87% CMA 0.31 0.18 0.61SA 51% 30% 56% 87% SA 0.31 0.18 0.61
"note: abovevaluesare as measuredand includedisUnctlag phase

i note:SA and CMA assumedto have similarlag to PA

I
I
I
I
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Table 7-4 BOD Estimatesfor ground deicers and ADAFs (glycols) applied during

January11 12,2000event \ -I
drainage area BOD1 BOD2 BOD3 BOD4 IBOD5 BOD10 BOD20 BOD26 ultBOD I

IDME (SDE4) 17709 14629 12704 84691 10394 192481 30027 33107 34647
,.n iNWP (SDS3) 26472 218681 18991 12661= 15538 28774 44888 494911 51793

:LR(N1, N31N4) 5515 4556 3957 26381 3237 5995 9352 10311 10790 Io Iws 1095 =)5 786 524 643 1191 1857 2048 2143
! other 0 01 0 0 0 0 01 01 0
! sum (Ib) 50,790 41,9601 36,440 24,290 29,810 55,210 86,1201 94,960 i 99,370

_= ! I 1
8 EG* _ 46 11 9 9 59 126 172 172 172

EG%'TGI 1% 1% 1% 4% 3% 2% 2% 2%l 2%

E EG % grand 0.1% 0.03% 0.02% 0.04% 0.2% 0.2% 0.2% 0.2% 0.2% IPG* I 3712 1237 742 247 1683: 6434 9601 101461 10393

8 l"Gsum I 3758 1249 751 257 1741 6560 9773 _ 10565
= _ _ '---_%"_'_'%" _ I 10.6% 10.2% 9.8% 9.6%

--Qrandtotal(Ib)_ 54,_ 43,21_ 37,19--'---'_24,5_ 31,55"_'061,770 95,890 105,280 109,940 I

*usesspecificgravityper_ISDSof I 1.045

valuesusedintableabove:gBODIgcompound@4"C (source:Homer,1996) !
chemtype _ BOD10 BOD20 BOD26 ultBOD

CMA 0.31 0.26 0.22 0.15 0.18 0.34 0.53

SA 0.31 0.26 0.22 l 0.15 10,,18 10_ _ O._ O;_ 0:61 I

PA 51% 42% 37% 24% 87% 96% 100% If I
CMA 51% 42% 37% 24% 30% 56% 87% 96% 100%i

SA 51% 42% 37% 24% 30% 56% 87% 96% 100%

EG 27% 7% 5% 5% 34% 73% 100%92% 198%00% 100°/o100% I
ii
la_ume CMA andSA havedecayratessimilarto PA (usesame %of ultBOD)

=___sumeSA hassame ultimateBODas CMA r_ I

I
Table 7-5 Total Volumes of Ground Deicers and ADAFs (glycols) during I

December 24, 1998 event

I
o drainage area PA*,Ib CMA, Ib SA, Ib EG, gal PG, gal PA, gal
•¢ iDME (SDE4) 58760 0 20000 5553 1

NWP (SDS3) 112118 6000 0 10595 I
E LR (N1, N3/N4) 17628 800 4000 1666
>o IWS 4639 0 0 438 I

other 515 0 0 49 I
,9o sum 193,660 6,800 24,000 83 212 18,300

T'uses speicific gravity per MSDS of 1.275 I

note: Ethylene (EG) and Propylene (PG) glycol volumes estimated using results from Dec. 24, 1998 I

samples taken at SDS3 and SDE4. See Table 7-6 below. _ I
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I Table 7-6 Estimates of Glycol Volumes from December 24, 1998 Deicing Event

Stormwater Samples

I iw i

sampleresults,mg/I estimatedloads(gal) ADAFs applied(gal)"' % escape:o SDS

total stormwatar total total
outfall EG PG glycols discharge EG PG EG PG total EG PG glycols

volume'_gal 91yo_

I SDE4 13 31 44 500,000 7 16 22 2280 39214 41494 0.3% 0.04% 0.05%
SDS3 32 82 113 2,400,000 77 197 271 2280 39214 41494 3.4% 0.50% 0.65%

18daytotalDec181 ,
I Sum: 83 212 293 25 J 3.7% 0.54% 0.71%

*From Flowlink 4.1 data:volume discharged during flow-weighted composite sampling period

I **as reported to POS by airlines, includes 7-day period of dry-weather prior to first runoff sampled

I
Table 7-7 BOD Estimates for ground deicers and ADAFs (glycols) applied during

i December 24, 1998 event
area BOD1 BOO2 BOD3 BOD4 BOD5 BOD10 IBOD20 BOD26 ult BOD

I _ DME (SDE4) 33265 27480 23864 15909 19525 36158 56406 62191 65084
_ NWP (SDS3) 53445 44150, 38341 25561 31370 56093 90624 99919 104567

_ LR (N1, N3/N4) 9605 7935 6891 4594 5638 10440 16287 17958 18793
IWS 2134 1763 1631 1021 1253 2319 3618 3989 4175

-I other 237 19( 170 113 139 258 402, 443 464I sum 98,690 81,520 70,800 47,200 57,920 107,270 167,340 184,500 193,080
¢n

"_EG* 231 55 41 45 283 608 830 830 830

I EG % TG 15% 11% 14% 34% 32% 21% 20% 19% 18%
_ PG 1322 441 264 88 599 2291 3418 3612 3700,,- EG % _lrand 0.2% 0.07% 0.06% 0.09% 0.5% 0.6% 0.5% 0.4% 0.4%

O TG sum 1553 496 306 133 883 2899 4248 4442 4530

I re TG% grand 1.5% 0.6% 0.4% 0.3% 2.6% 2.5°_ ' 2.4% 2.3,_,,oo.o ,,o,.o[ I,.,°,oI'uses specificgravity per MSDS of I 1.045

I this table uses same BOD rates as shown in the lower half of Table 7-4 above.

I
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Aircraft Deicing Su..,.mryfor Concurrent Ground Deicing Period January -'1
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Figure 7-1 Aircraft Deicing Summary for January 2000 Deicing Event Period
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