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Abstract

Coal-fired generation accounts for 45% of the UWhiates electricity and generates harmful
emissions, such as sulfur dioxide. With the immarmation of Flue Gas Desulfurization (FGD)
systems, sulfur dioxide is removed as an air patiuand becomes a water pollutant. Basic
physical/chemical wastewater treatment can be testdat FGD wastewater, but increased
regulations of effluent water quality have creaaatked for better, more economical wastewater
treatment systems, such as constructed wetlands.

At Jeffrey Energy Center, north of St. Mary’s, KSpilot-scale constructed wetland
treatment system (CWTS) was implemented to tredd h@stewater before releasing the effluent
into the Kansas River. The objectives of this gtwere to 1.) determine if a portable water quality
meter could be used to assess water quality aokl p@lutant concentrations, 2.) develop a water
balance of the CTWS, 3.) generate a water useiciegif for the CWTS, and 4.) create a mass
balance on the pollutants of concern. Water gualgasurements were taken with a HORIBA U-50
Series Multi Water Quality Checker and comparedrtalytical water tests provided by Continental
Analytic Services, Inc. (CAS) (Salina, KS). Thetardbalance was created by comparing inflows
and outflows of data determined through flow meterd a Vantage Pro2™ weather station.
Information from the on-site weather station wa®alsed to compute the system water use
coefficient. Water sampling was conducted fromedatdate at 10 locations within the CWTS.

In general, there was little to no relationshipazstn the HORIBA water quality
measurements and the analytical water tests. fneret was recommended that JEC continue to
send water samples on a regular basis to an asal{gsting laboratory to assess the CWTS function
and track pollutants of concern. Because the wtlnce was conducted during system initiation,
there was a great deal of fluctuation due to problavith the pumping system, issues with the
upstream FGD treatment system, extreme weathets\ard immature vegetation. This fluctuation
resulted in the system having a non-steady stageatipn, which weakened the ability to calculate a
system water use coefficient. However, duringquisiof strong system function, the water use
coefficient was similar to previous studies withximaum water use being approximately equal to the
reference evapotranspiration. The results of thesalance indicated high removals mercury,
selenium, and fluoride, but low removals of bonmanganese, chloride, and sulfate were exported
from the CWTS.
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Chapter 1 - Coal-Fired Generation

According to the U.S. Energy Information Administoa, coal-fired generation accounts
for 45% of the electricity generated in the Uniftdtes. Coal is a relatively low cost fossil fuel
and is quite abundant throughout the United Statgased on current consumption levels, there
is enough coal to last more than 200 years (U.8rdgninformation Administration, 2011).
Because of this, the United States has more th@rop@rating coal-fired generation power
plants across the country, resulting in the congiompf “one billion short tons of coal per
year” (U.S. Energy Information Administration, 201MWhile coal is abundant and low cost,
there are many environmental disadvantages inajuaemmful emissions into the atmosphere
(e.g. sulfur dioxide, nitrogen oxides, and mercuigt can result in acid rain, smog, and health

issues.

In order to reduce harmful emissions, the CleanA&irwas established in 1970 as a
“‘comprehensive federal law that regulates air elomssfrom stationary and mobile sources”,
authorizing the EPA to establish National Ambiemt @uality Standards (NAAQS) “to protect
public health and welfare and to regulate emissadrigazardous air pollutants” (US EPA, 2012).
The Clean Air Act recognizes two types of natioaabient air quality standards, including: (1)
primary standards, which “provide public healthtpation, including protecting the health of
‘sensitive’ populations such as asthmatics, childesd the elderly, and (2) secondary standards,
which “provide public welfare protection, includipgotection against decreased visibility and
damage to animals, crops, vegetation, and buildifigS EPA, 2012). National ambient air
guality standards were set by the EPA for six pafits, including carbon monoxide, lead,
nitrogen oxides, ozone, particulate matter, anflisdioxide, in which coal-fired generation
emits both nitrogen oxides and sulfur dioxides @FA, 2012).

The first major source for nitrogen oxides is metsburces (automobiles) and the second
major source is fuel combustion (i.e. power plaffsgyure 1.1) Within Kansas, about half of
nitrogen oxides comes from mobile sources, whigerdmaining half comes from fuel
combustion (Figure 1.2). For sulfur dioxides, thajor source, for both the nation and Kansas,
is fuel combustion (Figure 1.3; Figure 1.4). Boflthese emissions have been connected to

increased respiratory effects in humans, incluadingay inflammation, increased respiratory



symptoms in asthmatics, and bronchoconstriction BB8 2012); therefore, primary and

secondary standards were set for both criteriaufzoits (Table 1.1; Table 1.2).

National Nitrogen Oxides Emissions by Source Sector
(NEI 2008 v15 GPR)
Total Emissions
Mobile 10,037,168
Fuel Combustion 4,909,012
Industrial Processes 1,128,018
Miscellaneous 109,815
Fires 34,213
Solvent 6,891
Dust 17
I 1
0 11,000,000
Shoit Tons
Links [ Dust B Fires
B Fuel Combustion B | ndustrial Processes
B Miscellaneous I Mobile
B Solvent

Figure 1.1. National nitrogen oxides annual emissits by source sector in 2008. Chart taken
from US EPA 2012



Nitrogen Oxides Emissions by Source Sector
in Kansas (NEl 2008 v15 GPR)
Tetal Emissions
Mobile 3720
Fual Combustion 106,925
Indusgtrial Procssses 13,856
Miscallanecus 48
Solvent 24
I T T T
0 50,000 100,000 0,000
Short Tons
Links  HEEE Fud Combustion B Industrial Proossses
B Misodllaneous I Nobile
N Solvent

Figure 1.2. Kansas annual nitrogen oxides annual @ssions by source sector in 2008. Chart
taken from US EPA 2012

National Sulfur Dioxide Emissions by Source Sector
{(NEI 2008 v15 GPR)
Total Emissions
Fuel Combustion 9,105,5¢0
Industrial Processes 873658
Mobile 720,066
Miscellaneous 25571
Fires 7,551
Solvert 700
Dust 0
I T
0 10,000,000
Short Tors
Links I Dust I Fires
B Fuel Combustion I Industrial Processes
I Miscellaneous I Mobile
B Solvent

Figure 1.3. National sulfur dioxide annual emissios by source sector in 2008. Chart taken
from US EPA 2012



Figure 1.4. Kansas sulfur dioxide annual emissionsy source sector. Chart taken from US

EPA 2012

Table 1.1. Historical NAAQS for nitrogen oxides fran 1971 to 2010. Table taken from US

Sulfur Dioxide Emissions by Source Sector
in Kansas (NEI 2008 v15 GPR)

Tetal Emnissions
Fual Combustion 106,063
Industrial Processes 7,26
Mohile 1917
Miscallanecus 4
Solvent 0
I T T T
0 50,000 100,000 0,000
Short Tons
Links [ Fual Combustion I ndustrial Procssses
I Misodllaneous I Mohile
I S clvent

EPA 2012

Year Primary/Secondary Averaging Time  Level Form

1971 Primary/Secondary Annual 53 ppb Annual arithmetic average

2010 Primary 1-Hour 100 ppb 98" percentile, average over 3 yealrs
Primary Annual 53 ppb Annual arithmetic average

Table 1.2 Historical NAAQS for sulfur dioxide from 1971 to 2012. Table taken from US

EPA 2012
Year Primary/Secondary Avera@iﬂ; Time Level Form
Primar 24-Hour 0.14 ppm Not to be exceeded more than once per year
1971 y Annual 0.03 ppm Annual arithmetic average
Secondar 3-Hour 0.50 ppm Not to be exceeded more than once per year
y Annual 0.02 ppm Annual arithmetic average
3-Hour 0.50 ppm Not to be exceeded more than once per year
1973 SREEmEY Annual Revoked N/A
1-Hour 75 ppb 99" percentile, averaged over 3 years
2010 Primary 24-Hour Revoked N/A
Annual Revoked N/A




The new emissions’ standards have resulted in hedjections in criteria pollutants
across the nation. Starting in 1980, the natiaitabgen oxide emissions have been reduced by
52%, while sulfur dioxide emissions have been redutationally by 83%. These criteria
pollutants were greatly reduced as a result oe@sed process and regulation equipment
specifically designed to target these pollutatsr example, in coal-fired generation, the
implementation of flue gas desulfurization systeard;GD systems have decreased the amount
of sulfur dioxides tremendously. Flue gas desudaiion systems release a liquid stream
through scrubbers containing a sorbent, typicaiel(Ca(OH)) or limestone (CaCg) (Figure
1.5) (US EPA, 2009). When the flue gas comes mam with the sorbent, the sorbents react
with the sulfur found in the flue gas to form calti sulfite (CaSg), which is further oxidized to
calcium sulfate (CaSfpwithin the reaction tank (US EPA, 2009; Srivastaval, 2001). By
applying the sorbent to the flue gas, clean flusigaeleased through smoke stacks, while the
scrubber blowdown is transferred to a solids semergank, where finer and heavier solids are
separated. The heavy solids are dewatered anfilleeshdwhile the finer solids go into a purge
tank, which is later sent to wastewater treatm@&jyt.using FGD systems, sulfur dioxide, along
with other pollutants found in flue gas, is remowen the air at the expense of water.
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With an increased number of FGD systems, the amafuait pollutants emitted into the
atmosphere have been greatly decreased, espesxtitily dioxide; however, a decrease in air
pollution results in an increase in water pollutidRecently, the news has made an impact on the
reality of FGD systems. For example, in 2009, Néwk Times journalist, Charles Duhigg,
wrote Cleansing the Air at the Expense of Waterkich discussed a coal-fired power plant in
southwest Pennsylvania that was dumping wastevraterthe FGD process into the
Monongahela River (Duhigg, 2009). Duhigg statesgh as a growing number of coal-burning
power plants around the nation have moved to retheeair emissions, many of them are

creating another problem: water pollution” (Duhi@@09).

In 2008, Hatfield’'s Ferry, a coal-fired power pldmtated in southwest Pennsylvania,
asked the state of Pennsylvania permission to “dsengbber wastewater into the Monongahela
River, which the Pennsylvania Department of Enwinental Protection approved, but with
limits on certain chemicals” (Duhigg, 2009). Howewno limits were set on chemicals like
arsenic, aluminum, boron, chromium, manganeseghakd other chemicals, which have all
been detected in Hatfield's Ferry scrubber wastemw@uhigg, 2009). Officials from Hatfield's
Ferry say residents using the water from MonongaRé&ler should not be concerned because
the plant has “installed a $25 million water treafmplant that removes many of the toxic
particles and solids from scrubber wastewater”thedsolids are placed into a landfill with a
synthetic line to prevent leaking (Duhigg, 2009Yith the controversy occurring at Hatfield’s
Ferry, the US EPA planned to revise the curremtdzsteds for water discharges from coal-fired

generation power plants similar Hatfield’s Ferry.

Along with Hatfield’s Ferry, many other coal-firggneration plants have been targeted
as health and environmental dangers by conveftieig vaste from air pollution to water
pollution. In Indiana, one of the world’s largesial-fired power plants uses a manmade lake
(Gibson Lake) to hold its wastewater (Coefield, 200This wastewater lake contains high
levels of selenium that are threatening the logal &d fish populations; therefore, the US EPA
plans to reevaluate the current industry wastewatgrlations, because according to the US
EPA, “current regulations have not kept pace withnges that have occurred in the electric

power industry over the last three decades” (Clugf2009).



With an increasing interest from the media and igudd well as increasing
environmental regulations, more research is netmladsist with the development and
implementation of new technologies to minimize éffects of environmental issues resulting

from clean air at the expense of water.



Chapter 2 - FGD Wastewater Treatment Systems

Currently, the US EPA is working to set new regolas on coal-fired generation
wastewater, which will require more than 600 ca@ef generation power plants in the United
States to install new FGD wastewater treatmentigolgies. To help coal-fired generation
power plants treat FGD wastewater more efficierglygport presented by the US EPA (2009),
Steam Electric Power Generating Point Source Catedéinal Detailed Study Repart
discussed many different FGD wastewater treatmgooaches, including: physical/chemical
processes, biological treatment, zero-liquid disgbadeep-well injection, and constructed

wetlands.

Physical/Chemical Processes

Physical/chemical processes are the most commaely mmethods for treating FGD
wastewater, with 15 systems currently in use siti®, and another 25 to be installed in the
United States (Chapmaat al, 2007; Riffeet al, 2008). Physical/chemical processes are
treatment methods used to reduce the amount éfsieépended solids, adjust pH,
desupersaturate the purge stream, and reduce hesais (Riffeet al, 2008).
Physical/chemical processes can differ in the eqaip that is used in the treatment system
based on differing FGD wastewater composition dmrate, which depends on many factors
including the coal burn rate, coal composition, plaht design (Riffet al, 2008).

The first step of the physical/chemical treatmesstam is the equalization tank, which is
used to reduce the flowrate and alter the chemadttige wastewater (Wyliet al, 2008). Next,
the wastewater is pumped to reaction tank #1 (RXigre alkali (hydrated lime) is added to
adjust pH to values ranging between 8.5—9.2 anckfgypsum desupersaturation (\Wdieal,
2008). The pH adjustment is used to enhance flugeeicy of the other chemicals added to the
physical/chemical process for precipitating heawtats (Riffeet al, 2008) The alkali added in
RX1 also allows for the precipitation of heavy nigtgauch as aluminum, iron and manganese as
metal hydroxides (Riffet al, 2008). Recycled sludge from the clarifier is edito RX1 to
promote crystal growth of gypsum reducing scalenttion on downstream equipment (Wydie
al., 2008).



From RX1, wastewater is moved to reaction tanko#ZR X2, where organosulfide is
added to the tank to precipitate excess heavglsmgom RX1 (Riffeet al, 2008). The
wastewater is then moved from RX2 to reaction t&Bkor RX3, where enhanced coagulation
occurs through the addition of an iron salt, suslfearic chloride (Wylieet al, 2008). By
adding the iron salt, denser flocs will form, impiray the clarifier performance. Also, iron salt
co-precipitates other metals, non-metals, and acgaatter (Riffeet al, 2008). Reaction tank

#3 is the last reaction tank that the wastewates glorough before entering the clarifier.

A polymer is added to the wastewater before thefefao help coagulation and solid
settling within the clarifier (Riffest al, 2008). After clarification, the treated wastesvat
continues to a gravity filter if a low suspendedldsolevel is required, in which the filter further
removes and reduces any total suspended solidg @rfslSnetals before discharge (Wydieal,
2008; Riffeet al, 2008). Depending on discharge requirementseoptant, the treated effluent
may discharge into another treatment process fhengtavity filter, or be discharged to the
nearest receiving body of water (Wyéeal, 2008).

The backwash from the gravity filter is recycleak#o the equalization tank for
reprocessing (Wyliet al, 2008). The sludge from the clarifier containpgym and stable and
precipitated metals with about 15 to 20% solidsMeyght; therefore, the sludge is pumped into a
sludge holding tank before being dewatered intarfpress (Wylieet al, 2008). Once through
the filter press, a “filter cake” is disposed ofnan-hazardous lined landfills, either onsite or
offsite (Riffeet al, 2008).

With this typical physical/chemical treatment gyst adjustments can be applied to the
system as necessary for the coal-fired generatamt.pDepending on the discharge
requirements of the plant, additional treatment ip@yequired after the physical/chemical
treatment system (Riffet al, 2008). Discharge requirements may include stateregional
requirements that limit certain pollutants withinetdischarge. For example, the Chesapeake
Bay Initiative limits total nitrogen in the treateffluent (Riffeet al, 2008). In North Carolina,
selenium is limited on certain water bodies, whilganic load, such as chemical oxygen demand
and biological oxygen demand (COD/BOD), is limitedther states. Currently, no information

was found about the average FGD water quality dutparefore, more research needs to be



conducted on the performance of physical/chemreatinent systems and their average water
quality output.

Biological Treatment

Biological treatment processes can be broken dowenaerobic and anaerobic processes
that are used to reduce biological oxygen demaD(Band heavy metals present in FGD
wastewater (Chapmaet al, 2007). According to the US EPA (2009), aerobatdgical
treatment processes remove BOD, while anoxic/abaebiological systems remove metals and
nutrients. With both biological treatment processsather fixed film or suspended growth
bioreactors can be used and operated as eitheetowal flow-through or as sequencing batch
reactors (SBRs) (US EPA, 2009).

GE Water & Process Technologies’ ABMet biologigaktment is a popular biological
treatment system that reduces selenium concentsabip more than 99%, reducing
concentrations to less than 0.010 ppm (Pickiedl, 2006). Besides selenium, ABMet has been
shown to reduce other toxic metals, including merecamoval to concentrations of 150 ppt,
arsenic to concentrations of 10 ppb, and totabgén to concentrations of 10 ppm (Picletal,
2006). Picketet al.(2006) states that four ABMet projects were balagigned and installed
into coal-fired generation plants in the southeasténited States as of 2007, with flow rates
ranging from 190,000 gallons per day (GPD) to diamilgallons per day (MGD); however,
despite the range of flow rates, ABMet is capalbleeing scaled to treat any FGD wastewater
discharge rate. Compared to other FGD wastewaatment processes, ABMet is less
complex, has minimal sludge production, negligdhiemical addition, low power requirement,
small plant foot print, and scalability to meeesiemands (Pickett al, 2006).

Before implementation into a coal-fired generatitent, ABMet is designed, based on
the target metals and inorganic compounds that teekd removed and best retention time to
remove these pollutants (Pickettal, 2006). The GE ABMet biological treatment process
consists of “a series of bioreactors, each comgiaibed of granular activated carbon (GAC)
inoculated with site-specific bacteria to handle Waste stream” (Pickedt al, 2006). The

GAC is an ideal growing medium for bacteria, beeatibas a large, irregular surface that
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allows biomass to accommodate (Piclettal, 2006). Likewise, GAC creates a biological film
by “fixing” microorganisms, allowing biomass to aet and precipitate contaminants to maintain
a stable operation (Pickedt al, 2006). The wastewater is introduced into thedaotors,

moving over the GAC and microorganisms with miniralal mixing that approaches plug

flow, (Pickettet al, 2006). Plug flow ensures constant wastewatarcitgl eliminates any

mixing within the bioreactor, and allows operatmr€ontrol the biological process easily
(Pickettet al, 2006).

The microorganisms must stay on the GAC in ordelettrease redox potential within
the carbon beds, creating multiple zones withinbiloeeactor capable of reducing several
contaminants, such as nutrients including nitrat selenium (Picke#t al, 2006). Typically,
nitrate is reduced to nitrogen gas, which is reddasto the atmosphere, at the entrance of the
bioreactor (Picketet al, 2006). Because selenium is reduced from an peddstate, it is sorbed
to the growth media and later removed. Besideateitnd selenium removal, other metals, such
as zinc, copper, nickel, lead, and other primaryamseform metal complexes with sulfide and
precipitate out of the wastewater and stay indidebioreactor (Pickett al, 2006). After the
first bioreactor, the treated wastewater is fed artother bioreactor and depending on the site,
the treated wastewater might go through severaébators in order to achieve contaminant
removal levels (Picke#t al, 2006). The carbon beds inside all the bioreaataust be flushed
occasionally to remove total suspended solids, Agsnand inorganic contaminants that were

converted to solid forms within the bioreactorsciettet al, 2006).

A full scale GE ABMet biological treatment systerasnimplemented to remove
selenium from FGD wastewaters at Progress EneRyyidoro Station outside of Roxboro, NC
approximately 75 miles away from Raleigh, NC (Segatdet al, 2008). Before entering the
full scale GE ABMet biological treatment systerme #GD wastewater is placed in a settling
pond to settle out suspended solids (Sonstegjaaitl 2008). Roxboro Station’s ABMet
biological treatment system consists of four patddloreactor trains each with two identical
bioreactors. After the water is sent to the fiisireactor, it continues to the second bioreactor,
and ends at an ash pond discharge canal (Sonsetgatd?008). FGD wastewater was fed into
the ABMet biological treatment system, and by wBek operation, the effluent selenium
concentration was below design requirements (Sgasdet al, 2008). By June 2008, the
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average removal of selenium was 99.3%, with anameeimcoming selenium concentration of

1,500 pg/L and a final selenium concentration teas 10 pg/L (Sonstegaed al, 2008).

In 2002, Duke Energy-Carolinas installed biologitahtment systems for Belews Creek
and Allen Station FGD wastewater (McCartttyal, 2006). Belews Creek Station is located
near Walnut Cove, NC and is currently the largesi-fired generation plant operated by Duke
Energy-Carolinas (McCarthst al, 2006). Selenium and mercury were the key contanis
that needed to be reduced before discharging et®an River. A biological treatment system
consisting of an anoxic/anaerobic, fixed-film, loigical filter system (similar to ABMet), was
used for selenium removal (Wylet al, 2008; McCarthyet al, 2006). The goal of the Belews
Creek Station FGD wastewater treatment system eveedtice selenium concentrations to an
average of 26 pg/L and mercury to 63 pg/L (McCarfty06). According to Wyliet al.

(2008), the average FGD wastewater contained 54800 of selenium, which was reduced to 13
Hg/L after the biological treatment system. Thasvan overall selenium removal of 99.8%
(Wylie et al, 2008). Mercury concentrations reduced from 84 jig detect ion limits of 1 pg/L
after biological treatment system, an overall read@f 98.8% (Wylieet al, 2008).

Zero-Liquid Discharge

Zero-liquid discharge (ZLD) systems are anothesjis treatment method for FGD
wastewaters. In ZLD systems there is no liquidtevagcause dissolved species are completely
separated from the water, producing a solid thdisgosed of in a land fill (Shaw, 2008). ZLD
systems are primarily used for treating coolinge¢obiow down (CTBD), which have a different
water chemistry compared to FGD systems (Table(®1itjal and Hoskin, 2006). Because of
the significant differences between these two weaters, like high levels of hardness as a result
of chlorides and total dissolved solids (TDS), design of a basic ZLD system changes into two
separate processes that are capable of evapoF&iDgvastewater, both with advantages and
disadvantages (Mittal and Hoskin, 2006; Nichols200Q7).
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Table 2.1. Comparison of wastewater from CTBD vs. ED. Table taken from Mittal and
Hoskin 2006

Constituent in mg/L Typical CTBD Waste | Typical FGD Waste
Calcium, Ca 300 6,000
Magnesium, Mg 80 2,000

Sodium, Na 900 2,000

Chloride, CI 1,100 20,000

Sulfate, SQ 1,500 2,500

Silica, SiIQ 150 50

Total Dissolved Solids| 4,000 35,000

The first ZLD system used for FGD wastewater evafian is a Direct Feed
Configuration. In the Direct Feed configuratiorgstewater is directly taken from the FGD
system and sent to a brine concentrator wherepiteisconcentrated (Mandigo, 2007). The
purpose of the brine concentrator is to reducevigtewater volume through evaporation and
remove calcium in units operating in a seeded glmode (Mittal and Hoskin, 2006). The brine
concentrator separates the brine from the wastewatecontinues to the spray dryer (Mandigo,
2007). The spray dryer evaporates the water flrmmiastewater and the moist air is discharged
into the atmosphere (Mandigo, 2007). By evapogdtie water, dry solids form and are
recovered using a bag filter, then taken off-siedisposal (Mittal and Hoskin, 2006; Mandigo,
2007).

The second ZLD system used for FGD wastewateragaéipn is a Softened Feed
Configuration (Mandigo, 2007). Instead of diredtking the FGD wastewater to a brine
concentrator, a Softened Feed Configuration tdke$GD wastewater through a
physical/chemical pretreatment step, which migblude the following steps: limesoda
softening, sulfide precipitation, aerobic and anber biological treatment (Mandigo, 2007).
This pretreatment step can be designed to remdfezatt impurities like heavy metals and
dibasic acid; however, the most important stefhefdverall ZLD system, is to reduce hard
calcium and magnesium cations for soft sodium oatisimilar to the sodium cations found in
CTBD wastewater (Mandigo, 2007). After the phyBateemical pretreatment step, the softened
feedwater is pre-concentrated in the brine conatmtand the water is recovered with a forced-
circulation type crystallizer (Mandigo, 2007). Tewystallizer reduces the wastewater volume
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through evaporation and removes salts through pitation and crystallization. The salts are
later removed through a de-watering unit and trdakésite for proper disposal (Mittal and
Hoskin, 2006).

ZLD systems have shown great success for industgates, specifically cooling tower
blow down wastewater; however, FGD wastewatemswa and different waste stream that ZLD
systems could be used for. Currently, minimal aedia found for FGD wastewater treatment
using ZLD systems, which could be due to the ldakf@rmation over how the ZLD system

will work with FGD wastewater, as well as the iaitexpensive cost of ZLD systems.
Deep-Well Injection

Deep-well injection has also been considered asasment option for FGD wastewaters.
However, it is not a treatment system, but rathleng-term storage or disposal mechanism
(Tofflemire and Brezner, 1970). Tofflemire and Bner (1970) state that deep-well injection is
a disposal method for only certain wastes, in wiinehwaste is pumped into a permeable
disposal zone bounded above and below by impermeabks. There are three types of wastes
that can use deep-well injection as a treatmerteésyscluding: salt disposal, industrial waste
disposal, and radioactive waste disposal (Toffleramd Brezner, 1970); however, little research
is currently being conducted on the use of deepinelction as a possible way to dispose of
FGD wastewaters. The most researched deep-wetitiop waste is salt water from oil field or
salt-mining operations, which could be used adexeace for the disposal of FGD wastewater
due to similarities in high salt content. Oil ielvaste occurs when the oil from an oil-salt
mixture is removed from a production well, and slaét water is returned to a disposal well
(Tofflemire and Brezner, 1970). Salt water has towicity and is typically injected into areas of
low pressure, such as permeable or cavernous flamsaivhere fewer precautions are taken

compared to industrial wastes (Tofflemire and Bezzt1970).

There are advantages and disadvantages to deepy@etion. Some advantages of
deep-well injection include: (i) waste is removeah surface waters, (ii) can be economical and
require minimal land, (iii) has been used succdigsfor over 40,000 salt brine disposal wells

throughout the United States, and (iv) “solves” $heface treatment problem (Tofflemire and
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Brezner, 1970). Despite these advantages, dedpryesition also poses serious disadvantages
including: (i) increased risk for fresh water pdidun through well failure and geological faults,,
(i) limited knowledge over the long-term geolodieffects of the injection and location of
waste, (iii) any adverse effects may be difficoltietermine and correct, and (iv) limited by type
and volume of waste (Tofflemire and Brezner, 197}her factors, including geology,
wastewater characteristics and pretreatment, wabtcuction, and well operation and
monitoring, must be considered as well to ensuepdeell injection is the best removal for the

waste (Tofflemire and Brezner, 1970).

Despite the fact that deep-well injection has Hewrited to only three types of
wastewater, currently, some research is being aiaduo approve deep-well injection as a
possible disposal of FGD wastewater. At the Inteonal Water Conference in 2007, Rick
Cleveland and Jim Mezo from Duke Energy presertegpaperFGD Wastewater Disposed of
via Deep-Well Injection at Duke Energy’s Gibson @ating Stationwhich discusses the FGD
wastewater removal at one of Duke Energy’s siteatkd in Owensville, Indiana. Duke
Energy’s Gibson Generating Station uses deep-wjeltiion to dispose of FGD wastewater

generated from three separate FGD systems.

The biggest concern for Duke Energy and the Gilé3eneration Station was the ability
of the wells to continuously accept flow over timbkere the rock strata must not become
clogged by suspended solids or mineral scale desposests and computer modeling were
conducted to determine the tendency of scale feomainder current conditions of the deep-
well injection site; however, there are no othegevell injection sites used for removing FGD
wastewater to compare results to and make charsgescassary. Currently, no new information
has been found stating the success or failure & wa@stewater deep-well injection sites located

at Gibson Generation Station.
Constructed Wetlands

Since the 1950’s, both natural and constructedandd have been used for water
purification and wastewater treatment (Verhoevesh leuleman, 1998). These wetlands often

use large helophytes, which are herbaceous plamsamnly the buds survive during extreme
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conditions, includind®hragmites australigCommon Reed)['ypha spp(Cattail), andScirpus
spp.(Bull Rush) (Verhoeven and Meuleman, 1998). Tlaeeseveral characteristics that make
wetland ecosystems suitable for wastewater putifina(1l) wetland ecosystems are semi-
aquatic systems that contain large quantities aényé2) wetland ecosystems have oxic and
anoxic soils where organic matter is broken doBhwetland ecosystems support vegetation
that is highly productive and capable of takingange amounts of nutrients (Verhoeven and
Meuleman, 1999).

According to Verhoeven and Meuleman (1999), corstaiwetlands are better at
treating wastewater compared to natural wetlanelsalise they are designed for maximum
performance of the BOD, COD and nutrient removatpsses and for overall control of
hydraulic and vegetation management. There aee fmimary constructed wetlands overall
using either surface or subsurface flow as a treatriechnology, including: (i) free water
surface (FWS) wetlands, where there are areasesf water similar to natural wetlands; (ii)
horizontal subsurface flow (HSSF) wetlands, whisk & planted wetland vegetation in a gravel
bed and the water flows horizontally across the fiegvertical flow (VF) wetlands, where
water is distributed across wetland vegetationtplhim a sand or gravel bed, in which the water
is treated as it percolates through the plant zooe (Kadlec and Wallace, 2009). These three
types of constructed wetland have been used thouidtistory to remediate multiple waste
streams including domestic and municipal wastewat@mal and industrial wastes, urban and
agricultural stormwaters, mine waters, groundwegarediation, and other application, all over
the world from North America, Europe, and in deyahg countries (Kadlec and Wallace, 2009;
NCASI 2004; Knightet al, 2000; Knightet al, 1997; Kleinman and Hedin, 1989; Wieder,
1989).

Regardless of which wetland type is used, wetlgaa&rm well for COD, BOD, and
bacterial pollution removal; however, nutrient rerabis limited. COD and BOD have high
removal rates due to sedimentation of suspendédssamd rapid decomposition processes in the
water and the upper soil layers (Verhoeven and &feah, 1999). There are several different
soil redox and soil acidity conditions that allowtrient removal processes to perform optimally.
Nitrogen removal occurs through bacterial transttions. Nitrification is when ammonium is

oxidized to nitrate by nitrifying bacteria, whiclke@urs under aerobic conditions (Verhoeven and
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Meuleman, 1999). In an anaerobic environment,tdecation would occur, where organic
matter is broken down by bacteria using nitratéhaselectron acceptor instead of oxygen
(Verhoeven and Meuleman, 1999). Denitrificatioows in two steps, in which nitrate is
reduced to nitrous oxide, then further reducedrwoapheric nitrogen, which is emitted into the
atmosphere. The pH of the wastewater should reat@me 6.0 to ensure the nitrogen is leaving
as atmospheric nitrogen, because at low pH letlessecond step of denitrification does not
occur, releasing nitrogen as nitrous oxide, whech greenhouse gas that contributes to climate
change (Verhoeven and Meuleman, 1999). To achiuetreaerobic and anaerobic conditions for
both processes, large emergent plants should beegdl#o help aerate the soil, as well as
alternating flooded and dry conditions with the evategime (Brix, 1989, 1994; Reddyal,

1989).

Phosphorus is another nutrient that has diffich#ing removed through wetland
systems; however, phosphorus can be removed thtbegidsorption of phosphates to soil
particles (Verhoeven and Meuleman, 1999). The athophosphorus that is adsorbed depends
on the presence of iron, aluminum, or calcium witiie clay minerals or bound to the soil
organic matter (Verhoeven and Meuleman, 1999)ehobic conditions, phosphates are bound
to Fe(lll); however, in anaerobic conditions, FB(i$ reduced to Fe(ll), in which phosphates are
released, because less adsorption occurs (Fawdkddrichardson, 1989). Verhoeven and
Meuleman (1999) state that phosphates bind towsalevithin aerobic conditions. Despite what
compounds are found within the clay minerals anldosganic matter, each soil has an
adsorption capacity, in which all adsorption sitél be occupied and no more adsorption will
occur (Kadlec, 1985). Besides adsorption, phogshedn precipitate with iron, aluminum, and
soil compounds, in which phosphates fixate on ta&imof clay minerals and allow the

availability of adsorption sites to occur (Nichdl$€83).

Nutrients can temporarily be stored within the aed vegetation, primarily at the
beginning of the growing season, when large quastdf nutrients can be taken up through the
root system (Verhoeven and Meuleman, 1999). Tleéemis can end up as litter if the
vegetation is not harvested at the end of the grgweason (Verhoeven and Meuleman, 1999).
Also, nutrients can be lost, especially in the &l winter seasons, through leaching and organic
matter mineralization (Verhoeven and Meuleman, 19@nly a small percentage of nutrients
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are removed through the vegetation if it is hamestr collected within aggrading wood or
rhizome (Verhoeven and Meuleman, 1999).

Hydrology

Hydrology is an important factor in determining geccess or failure of constructed
wetlands because these systems are highly depemlergating and maintaining appropriate
water depths and flow (Kadlec and Wallace, 200®pasic water budget for a constructed
wetland, similar to Figure 2.1, can help deternfioer much water is entering and leaving the
system and where (Kadlec and Knight, 1996). Wexé¢ers a constructed wetland through
streamflow, runoff, groundwater discharge, and ipietion, while water leaves through
streamflow, groundwater infiltration, and evaposjination (ET). According to Kadlec and
Wallace (2009), ET occurs with strong daily andseeal cycles and is an important water loss
in constructed wetlands. These sources of watiemrand outflow affect the change in wetland
water storage, in which large variations in storege occur with high variability in inflows and
outflows of water; therefore, most constructed amdls use some form of outlet water level

control structure allowing little to no variation water level (Kadlec and Wallace, 2009).
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Figure 2.1. Individual components for a wetland wagr budget. Figure derived from
Kadlec and Knight 1996

Evapotranspiration

Evapotranspiration is the combination of water lkwsthe atmosphere within the wetland
system from water, soil, and plants solely drivgrsblar radiation. According to Kadlec and
Wallace (2009), evapotranspiration is the primargrgy loss mechanism for a wetland, and
dissipates the majority of energy. There are sfveethods for estimating ET, but for large
constructed wetlands, there is a common assumitairsystem ET (Egf¢ can be estimated by
a reference ET (EJ, which can be computed from weather data forfereace crop under
standing water or saturated soil surface condit{§asllec and Wallace, 2009). A reference
crop is a hypothetical grass or alfalfa referengéase at an assumed height (grass=0.12 m (0.39
ft); alfalfa=0.5 m (1.64 ft)) and resembles a contius green surface of an actively growing crop
(Allen et al, 1998). The reference ET can be computed usweyakdifferent equations such as
the Penman-Monteith equation presented in the di&tions FAO Irrigation and Drainage
Paper 56 (Alleret al,1998), the ASCE Penman-Monteith equation (ASCB520Hargreaves

(Hargreaves, 1994), and others where weatheriglated to calculate specific reference ET.

19



For large FWS wetlands, the reference ET determioiethe wetland can be used to
approximate the overall ET of the wetland systeawéwver, in smaller wetland systems, a crop
coefficient is used along with a reference ET ttedaine the overall ET for the constructed
wetland (Kadlec and Wallace, 2009). According &fléur (1990), the reference ET estimate
should be used as an “independent variable ineatiregression for specific vegetation types”.
For example, in an agricultural setting, crop cioefhts of a specific crop influence the overall
ET at a specific site, modifying the reference Bil dite-specific circumstances (Kadlec and
Wallace 2009). Crop coefficients vary dependindtancrop or vegetation as well as what part
of the year it is. A crop coefficient curve is ééped to determine how the crop coefficient
changes throughout the growing season based onwabee loss through ET. From Allen al.
(1998), an example of a crop coefficient curve lbarseen in which the crop coefficient
increases throughout the growing season, corrgl&imore water being lost through ET
(Figure 2.2).
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Figure 2.2. Crop coefficient curve. Figure derivedrom Allen et al. 1998
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For a constructed wetland, a water use coeffidientcrop coefficient) can be
determined based on the whole wetland insteadiogliEmsed on each individual plant, (Figure
2.3) (Kadlec 1989). By determining the water usefficient, the amount of water lost through
ET can be determined more accurately than theeneferET, because the water use coefficient
“represents the ratio of ET for a given wetlanghttential ET’ (reference ET) (Kadlec and
Wallace 2009). By establishing a water use caefiicfor a constructed wetland, the long-term
ET rates can be determined and used to as a v&agetaonstructed wetlands based on how
much water is lost through ET, along with inflowdaoutflow amounts and precipitation (Kadlec
and Wallace 2009).
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Figure 2.3. Example of a wetland water use coeffent curve for two wetland sites in Utah

and Florida. Figure derived from Kadlec 1989
Treatment Performace

Two factors influence the performace of construetetlands, including: (1) “the central
treatment tendancy for a wetland”, and (2) “thecipéted variability away from that central
tendancy” (Kadlec and Wallace, 2009). Central ¢ézwoiks are induced through flows and

concentrations of pollutants as well as environ@lefiactors, while random events within the

21



constructed wetland can influence variations iffgrerace; therefore, both of these factors are
used to determine and describe the performancenstizicted wetlands (Kadlec and Wallace,
2009). Constructed wetlands can change year tobgsd on environmental factors,
vegetation, and hydraulic or organic loadings, Whatlows for changes in performance;
therefore, mass balances can be created in ordeteéomine the performance of a constructed
wetland based on its ability to reduce pollutantaamtrations (Kadlec and Wallace, 2009).

FGD Wastewater

While constructed wetlands have been used for nousenvaste streams, there has been
very limited work on the use of constructed wetafa FGD wastewater. One major study was
conducted at Clemson University to determine thréopmance of a pilot-scale constructed
wetland remediating FGD wastewater to decreaseuneend selenium concentrations,
specifically. Pilot-scale constructed wetlancitreent systems (CWTSs) were designed to treat
constituents of concern in FGD wastewater. Touwatalthe ability of the CWTSs, three
different types of FGD wastewater were put throtlghCWTSs including formulated FGD
water, actual FGD waters, and pilot-scale scrubi&dD waters (Eggest al, 2008). The
studies main objectives were to (1) define FGD exater based on chemical composition and
constituents of concern, (2) design CWTSs to reateaonstituents of concern, and (3)
measure the performance of CWTSs for formulatedeamal FGD waters based on the effluent
criteria established by the USEPA and regulateMBRES permits (Eggeret al, 2008).

The FGD wastewaters were collected from scrubbstesys and measured for chemical
composition by total elemental and water chemiatrglysis (Eggeret al, 2008). The pilot-
scale CWTSs were designed to remediate constitoétsncern by evaluating their
biogeochemical cycling within aquatic systems (Eggeal, 2008). From this information, the
constructed wetland treatment systems were assdrabla sequential ordering of desired
reactions and potential for effective removal afistituents (Eggeset al, 2008). Two different
pilot-scale constructed wetland treatment syste®88) were assembled to determine the
performance of the wetland system on formulated m@ier, actual FGD waters, and pilot-
scale scrubber FGD waters (Figure 2.4) (Egged., 2008).
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Figure 2.4. Schematic diagram of the pilot-scale CWSs used at Clemson University to
determine the performance criteria for (A) formulated and actual FGD waters and (B)

pilot-scale scrubber FGD waters. Figure derived fom Eggertet al. 2008

For both A and B pilot-scale constructed wetlamétment systems, an equalization
basin was the first component designed to desigmesimove suspended solids and regulate the
concentrations of other contaminants before ergdha treatment system (Eggettal, 2008).
Systems A and B were assembled differently andmméion from Eggerét al. (2008) were
used to explain the following designs of each syste

System A was used to evaluate the performancdaifgiale CWTSs with both
formulated and actual FGD waters, consisting céettreatment lines each with four treatment
reactors in series. The first two treatment reaoteere reducing reactors designed to have a
redox condition used to reduce Se(VI) to Se(lV) aurther reduce any selenite to insolublé,Se
making the selenium species less mobile. The tneatment reactor was a rock basin followed

by an oxidizing reactor designed to maintain regotentials and deoxygenate the FGD
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wastewater, decreasing the nutrient concentrationpaeventing further environmental effects

downstream.

System B was used to also evaluate the performairmiot-scale CWTSs with pilot-
scale scrubber FGD wastewater through the use ASRrCWTS and No-Ash CWTS treatment
systems. Both treatment lines consisted of foactas, similar to System A, where the first two
reactors were reducing reactors, followed by a frextirock basin, and finishing with an
oxidizing reactor. The function of each reactoswanilar to System A, while the components
between the reactors differed. The reducing resetere the same as the reducing reactors in
system A. The main differences between the Ash SW®m the No-Ash CWTS was in the
modified rock basins and oxidizing reactors, inaethihe Ash CWTS contained bottom ash

instead of river sand hydrosoil.

According to Eggerét al. (2008), both treatment systems being tested redeanalytical
procedures and toxicity evaluations to determimerémediation of constituents and the toxicity
of effluents and their effect on receiving wateespectively. For analytical procedures, water
samples were taken from the equalization basifgws to the pilot-scale CWTS, and the
outflows from each treatment line and the amourooistituents removed was determined along
with selenium and mercury removal rates. Toxicitglaations were also conducted on the water

samples collected from the equalization basin Aedehding reactors on the treatment lines.

The average removal amounts for mercury from thelkption basin to the last reactor
was 93.2% for formulated FGD waters, 96.1% for asieel FGD waters, and 99.0%, 68.7%, no
removal, and 98.7% for the first thru fourth pikxtale scrubber FGD waters(Eggetral, 2008)
More mercury was removed in FGD water containingemoercury at the beginning of
treatment compared to less mercury, where 98% ofumgwas removed at an incoming
concentration of 36 pg/L compared to 0 to 69% nrgreemoval at incoming concentrations of
less than 0.9 pg/L (Eggest al, 2008).

Selenium average removal amounts and rates forulated FGD waters were 84.6%,
80.1% for amended FGD waters, and 89.7%, 63.692%,1and 29.5% for the first through
fourth pilot-scale scrubber FGD waters (Egggral, 2008). There were no NPDES permits that

required a maximum daily limit for selenium; thered, performance criteria or maximum daily
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limit could not be established for selenium for @& TSs (Eggerét al, 2008). The pilot-scale
scrubber FGD waters did have a sequential deatiselenium removal with each scrubber FGD
water, which could have resulted from “removal matgbms possibly inhibited by constituents
in these FGD waters, subject to decreasing binsiteg or reactants, or were less efficient

because of differences in forms of selenium” (Eggeal, 2008).

Arsenic was the last constituent of concern, inclwlarsenic’s average removal amounts
were 64.4% for formulated FGD waters, but no rerhexgss measured for amended FGD waters
(Eggertet al, 2008). It was found that after 4 weeks of logglime equalization basin contained
0.074 mg/L, with a mean outflow concentration &f2Z8 + 0.383 mg/L 61.6% removal; however,
total arsenic concentrations in the outflow sampe$73 + 0.06 mg/L) were approximately 2.5
times greater than the equalization basin (0.07& ydyring the first sampling period (Eggeit
al., 2008). During these sampling times, total seleniemoval was the greatest in the outflow
samples of the rock basins instead of the finattoeatherefore, insoluble forms of arsenic and
selenium leached throughout these sampling pe(©gigertet al, 2008). The pilot-scale

scrubber FGD waters also showed no sign of arsemoval (Eggeret al, 2008).

Toxicity evaluations were conducted usingd@bia (Ceriodaphnia dubip By
contrasting the toxicity results from pre- and piosaitment samples, the performance of the
CWTSs based on toxicity can be determined (Eggeat, 2008). For the amended FGD waters,
C. dubiaincreased in survival and reproductive rates fpves to post-treatment sampling,
decreasing toxicity (Eggeet al, 2008). The pilot-scale scrubber FGD water wase tdsted for
toxicity, in which the first and fourth pilot-scaserubber FGD waters endured significant C.
dubiamortality when exposed to the pre-treatment sasnghel did not change with the post-
treatment samples (Eggettal, 2008). Reproduction of @ubiawas inhibited in both pre- and
post-treatment samples of either treatment (Eggeat, 2008). The second pilot-scale scrubber
FGD water resulted in low Cubiareproduction for pre-treatment samples, but diyght
increased for the post-treatment samples (Eggett, 2008). The third pilot-scale scrubber
FGD water had no significant mortality effects bie C.dubiafor the pre- and post-treatment
systems (Eggest al, 2008). Overall, reproduction was not affecte@re-treatment samples
for no-ash or ash systems (pilot-scale scrubber R@t@r only), but a significant decrease was
measured for post-treatment sample exposure fremdkash system (Eggettal, 2008).
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With these results, it was determined the pilotes€WTSs can decrease environmental
risks by FGD waters to receiving systems, enaliliegdischarge of post-treatment water within
NPDES permit limits (Eggest al, 2008). Based on these pilot-scale CWTSs stuflibsscale
CWTS were designed, constructed and are curremthpération to treat FGD wastewater
(Murray-Gulde and Mooney, 2007). In Murray-GulaelaJiooney’s International Water
Conference Papebesigning Constructed Wetlands for Mitigating Rikksn Flue Gas
Desulfurization Wastewatewhich was presented in 2007 and discusses ttesir months of
operation for a full-scale CWTS designed for FGsteavater treatment, is further discussed

below.

Information from the pilot-scale study conducted@igmson University was used to
design full-scale CWTS for the removal of selenianal mercury at three locations. The CWTS
consisted of two to three treatment lines with gyaflows from an equalization basin, through
the wetland cells, a monitoring station, and a NBREScharge point. Before the equalization
basin, primary wastewater treatment was conductetabilize constituent concentrations, settle
solids, and cool the FGD wastewater. After primagatment, the FGD wastewater entered the
eqgualization basin, and then discharged into atoacted wetland treatment train with four
treatment stages in series including: two sequidntiiaush Schoenoplectus californicus
constructed wetland cells, a rock aeration casaattba cattail{ypha latifolig constructed
wetland cell. The bulrush cells purpose was tooeselenium and mercury from the FGD
wastewater, which would continue to the rock aeratiascade, where the FGD wastewater was
aerated. The final, polishing cells (cattail cglire used to further precipitate iron-mercury and

iron-selenium complexes.

The full-scale CWTS had an overall hydraulic retmmtime of 7 days and was designed
to remove mercury and selenium. The performana&ation began in December 2006 and
continued until June 2007. Grab samples were t&kem six locations in the CWTS including:
influent to the equalization basin, effluent frone tequalization basin, effluent from the first
bulrush cell, effluent from the second bulrush,ceflluent from the cattail cell, and from the
monitoring station. Along with these 6 grab sarapleater samples were also taken from before

the CWTS, post scrubber, and post clarifier. Ilditah to mercury and selenium, the samples

26



were analyzed for chlorides, biological oxygen dedyahemical oxygen demand, total
suspended solids, and boron (Murray-Gulde and Myp@@07).

The overall performance of the CWTS from Deceml@62to June 2007 showed
varying concentrations of measured constituents fooe sampling event to the next. Mercury
and selenium removal was 88% and 25%, respectivihg TSS removal averaged 58%, which
seems relatively low; however, the concentratidniESS5 entering the equalization basin were
already lower than expected, averaging a concémtraf about 9.3 mg/L. Biological oxygen
demand (BOD) and chemical oxygen demand (COD) stioemoval efficiencies of 21% and
47%, respectively. Chlorides and boron were notoneed, with average removal of 2% and 5%,
respectively. Overall, Murray-Gulde and Mooney@2Pstate that the performance of the full-
scale CWTS achieved mercury and selenium levetsatieareasonable for discharge based on

NPDES compliance.
Research Objectives

Constructed wetlands have shown some promise efeative way to remove
contaminants from FGD wastewater such as BOD, bagtellutants, metals, and some
nutrients (Eggeret al, 2008; Murray-Gulde and Mooney, 2007). Basedhenpotential
positives of CWTS and the many negatives and leogés associated with other treatment
technologies (e.g. deep well injection and ZLD) stomcted wetlands were chosen to treat FGD
wastewater from Westar Energy’s Jeffrey Energy @efdfC) near St. Mary’s, KS.

JEC uses a limestone forced oxidation wet FGD msc@milar to Figure 1.5, to remove
sulfur dioxide from the flue gas before releasing ¢as into the atmosphere. The scrubber
purge from the limestone forced oxidation wet FGDcpss is sent to a wastewater treatment
system. At the time of this study, no other FGstgvater treatment system was used to
remove pollutants and the basic physical/chemrealtéd wastewater was released into the
Kansas River. However, the Kansas Department oltikiaad Environment (KDHE) will begin
enforcing stricter limitations of pollutant conceations entering the Kansas River. Because of
these limitations, a pilot-scale constructed wetlaeatment system (CWTS) was designed and
installed by Burns & McDonnell to treat FGD wastégvaafter the basic physical/chemical

treatment. In order to develop a better understgnof the CWTS function and scale up
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potential, Kansas State University was contraateassist with system monitoring and other
aspects of the research. This thesis represgrudian of that work with the specific objectives
to: (i) evaluate the use of a portable, water quatieter for assessing wastewater in the fieldl; (ii
develop a water balance for the CWTS; (iii) gereematvater use coefficient for the CWTS; and

(iv) create a mass balance of the pollutants oteon
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Chapter 3 - Methods and Materials

Westar Energy is the largest electric company ind&s, serving over 687,000 industrial,
commercial, and residential customers through abgas, nuclear, wind, and coal-fired
generation power plants (Westar, 2012). Jeffregrgyn Center (JEC) consists of three 720 MW
units, which is the largest coal-fired generatiomwpr plant located in KS (Westar, 2012). JEC
burns over 9 million tons of coal per year, whielquires a water use of 24,000 gallons per
minute, 29 million gallons per day, and over 10idml gallons per year (Westar, 2012). In 2007,
JEC updated their existing scrubber system, whiat r@moving 60% of the sulfur dioxide, to a
Flue Gas Desulfurization (FGD) system capable wiondng 95% of sulfur dioxide, as well as

reducing mercury emissions by 25% and particulaetenby 20% (Westar, 2012).
Site Description

Jeffrey Energy Center (JEC) is located about 11(kmmiles) north of St. Mary’s, KS in
Pottawatomie County30.2861° N, 96.1169° Y Jeffrey Energy Center is located in the Flint
Hills ecoregion (US EPA Level lll ecoregions), whiconsists of rolling hills, narrow steep
valleys, and area that is typically grazed by loedtile. This ecoregion marks “the western edge
of the tallgrass prairie, and contains the largestaining intact tallgrass prairie in the Great
Plains” (US EPA, 2012).

Jeffrey Energy Center experiences a typical Midto@mtal climate, with extreme hot
temperatures during the summer months and extretdgemperatures during the winter, with
moderate to high wind speeds. Average annual numrand maximum temperatures for
Pottawatomie County are 5-6°C (41-43°F) and 17-1®4=66°F), while annual precipitation
averages from 762-889 mm (30-35 in) (Goodin etl&195). Average monthly values for

precipitation and temperature, both maximum andmum, are shown in Figure 3.1.
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Figure 3.1. Climograph for Jeffrey Energy Center wth monthly averages of precipitation,
maximum temperature and minimum temperature from 181 to 2010, and pan

evaporation from 1971-2000. Information taken fromPRISM Climate Group and National
Weather Service (Oregon State University, 2012; NOA/National Weather Service, 2005)

The Flint Hills ecoregion has a rocky soil composédherty limestone and shale (US
EPA, 2012). The constructed wetland treatmenesysCWTS) at JEC was built in an area
containing two main types of soil where over 90%hef soil was a Clime-Sogn complex and the
remaining 10% was gravel pits and quarries (USDACSR2012). The Clime-Sogn complex
has an overall soil texture of a silty clay loand @ontains 1.41% organic matter, 6.6% sand,
52.8% silt, and 38.1% clay. Clime-Sogn is classifas Hydrologic Soil Group C. Group C
soils are characterized by a layer that impedesdlenward movement of water and/or soils of
moderately fine texture or fine texture resultingaislow infiltration rate of about 1.27-3.81
mm/hr (0.05-0.15 in/hr) when thoroughly wet (US2909). Due to low infiltration rates, it is
expected to see high runoff potential from thesks §gSDA, 2009).
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The CWTS consisted of two parallel lines of fourthaed cells for a total of eight
wetland cells, including: (1) two free water sudaells, (2) two vegetated submerged bed cells,

(3) two vertical flow bed cells, and (4) two moregetated submerged bed cells (Table 3.1 and

Figure 3.2).

Each cell is approximately 32 m Byn3by 0.5 m (105 ft by 105 ft by 1.75 ft) and

lined with a high density, flexible membrane lifeiDPE 60 mil FML) to prevent seepage into

the soil and groundwater (Burns & McDonnell et 2011). The cells are hydraulically

connected such that the lines can function asoael or flow can serpentine through all 8 cells.

Flow is controlled through various valves into @&/TS and between the cells (Burns &
McDonnell et al., 2011).
Table 3.1. Each wetland cell based on cell type amdimber, vegetation, soil structure, and

storage capacity. Information collected from Burns& McDonnell et al. 2011 and Morrison

et al. 2011
Cell Type Nfrr?llaler Vegetation Strﬁcc:)tlijre Storage
Aréchl\;lTS?]ad 15 cm (6 in) Top Soil 613.267 L
Free Water Surface Al, B1 : 30 cm (12 in) Soil ’
Cattail 15 ¢m (6 in) Subgrade (162,000 gal)
Water Lily
15 cm (6 in) Top Sail
Bulrush 15 cm (6 in) Engineered Soil
A2, Ad Cattall 8 cm (3 in) Sand Filter 370 970 L
Vertical Submerged Beq B2, B4 Switch Grass 23 cm (9 in) Crushed Limestone (98 dOO gal)
Inland Salt Grass Non-Woven Geotextile Fabric '
Sedges 30 cm (12 in) Soil
15 cm (6 in) Subgrade
Inland Saltgrass 15 cm (6 in) Top Soil
Western Wheat 60 cm (24 in) Engineered Soil
Grass 8 cm (3in) Sand Filter 492104 L
Vertical Flow Bed A3, B3 Sedges 23 cm (9 in) Crushed Limestone (130 600 gal)
Cattail Non-Woven Geotextile Fabric '
Bulrush 30 cm (12 in) Soil
15 cm (6 in) Subgrade
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A splitter box (SB), located at the entrance of @WTS, received water from the FGD
blowdown treatment system transfer station, wh&® kvastewater is mixed with RAW water
from the makeup lake to dilute the high concertratiof constituents (Burns & McDonnell et al.
2011). The SB was used to control the amount eémentering both treatment lines (Burns &
McDonnell et al., 2011). A lift station (LS) loeat at the outlet of the CWTS was used to
release water to Lost Creek (Burns & McDonnelllgtZz011). An effluent flow meter vault,
located upstream of SB, recorded how much waterrelaased into Lost Creek. Agri-drains
were placed at the outlet of each cell and usedaee water from one wetland cell to the next.
There were eight agri-drains (AD-1, AD-2, AD-3, AD-AD-5, AD-6, AD-7, and AD-8) that
ranged in depths from 6 to 8 ft.

Water Quality Measurements

Water quality measurements were taken at 10 sitesquence from the least to most
contaminated water starting at the outlet (LS)ntA®-7, AD-8, AD-5, AD-6, AD-3, AD-4,
AD-1, AD-2, and ending with SB. A HORIBA U-50 Sesi Multi Water Quality Checker
(Horiba, Ltd., Kyoto, Japan) was used for waterligpueneasurements. The HORIBA meter was
used to measure: (a) temperature (°C), (b) pH (8eide), (c) ORP (mV), (d) conductivity
(mS/cm), (e) turbidity (NTU), (f) DO (mg/L), TDS {lg), and salinity (ppt). Water quality
measurements were only taken from January 2014niealy 2012. Data is located in Appendix
F.

Weather Data

A Vantage Pro2™ weather station (Figure 3.1, Dadwssruments, Hayward, California)
was located on site, between the second and thlislan the south line. The Vantage Pro2™
console was located inside the chemical feed mgldiA WeatherLink® data logger, was
attached to the Vantage Pro2™ console to recordynaather values, including: temperature,
relative humidity, dew point, wind speed, wind diren, heat index, precipitation, and solar
radiation. Every two weeks for the beginning 3 ther(March to May), weather data was

downloaded using WeatherLink® 5.9.2 software frtw® weather station console on to a laptop;
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however, after the first 3 months, weather data degnloaded weekly. The weather data was

saved onto a USB drive and later downloaded anlyzsthat Kansas State University.

Figure 3.3. Vantage Pro2™ weather station located éhe CWTS at JEC to collect hourly

weather data.
Water Use Coefficient

In order to understand long-term evapotranspirgbaential of the CWTS, a system
water use coefficient was developed. The watercaséicient, similar to a crop coefficient, was

calculated using the following equation:
ET, = K. ET, (3.1)

whereETc is the system or crop evapotranspiratiefy is the grass reference
evapotranspiration, aril- is the water use or crop coefficient (Allen, 1988en, 2000).

The water use coefficient is affected by four nfaictors, including vegetation, climate,

soil evaporation, and vegetation growth stages(AIL998). Many different crops and plants
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have a specific crop coefficient, which helps daiee evapotranspiration of that crop or plant;
however, for the CWTS at JEC, no crop coefficieat heen developed, making it difficult to
predict the long-term evapotranspiration potertfahis system. The crop coefficient or the

water use coefficient of this wetland was determiibg rearranging equation 3.1.:

ETgys

K- =
©TET,

(3.2)

where the original crop evapotranspirati&fic, is now denoted as the system
evapotranspiratiorETsys The system evapotranspirati&sys and the reference
evapotranspiratiorg To, need to be determined in order to solve for tatewuse coefficient,
Kc.

System Evapotranspiration
The system evapotranspiration was determined wssigple water balance (Figure 3.4):
P+WWy, —S — WW,ye — ETsys = WSiyy — WS; (3.3)

whereP is the precipitation\WW/, is the wastewater flow irfgis seepagelV\\,; is the
wastewater flow out:Tsysis the actual evapotranspiration of the wetlarstesy,WS;, is the
wetland water storage at time measurement (i+1) Vé8 is the wetland water storage at time
(). Because the CWTS was lined, seepage was asktarbe negligible, and the actual

evapotranspiratiorE Tsyswas calculated with the following equation:
ETgys = P+ WWy, — WW,ye — AWS (3.4)

whereAWSis the difference between water stored in theameticells at time measurement (i+1)
and (i). The water storage in the wetland cal&S was assumed to be maintained at a constant
level such that changes in the system storage nvenienal; thus this value was negligible.
PrecipitationP, was determined from the on-site weather statidastewater flows, bottWW,
andWW,,, were measured using flow meters located at tle¢ amd outlet of the wetland

system. Flow data was collected by JEC and reddioen Andy Rietcheck, a professional
engineer at Westar EnergWW,, was a combination of RAW and FGD. RAW water inflow
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came from the make-up lake, while FGD water cammnfthe FGD blowdown treatment system
transfer stationfWW,; values were retrieved from an onsite effluent flowter (see Effluent

Flow Meter section below).

WW,,, «—— —— e /< ww,,
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Figure 3.4. Basic schematic of a water balance fthe CWTS at JEC.

Reference Evapotranspiration

The reference evapotranspiration (EWwas calculated on a daily basis for JEC using the
ASCE Penman-Montheith method (ASCE-EWRI, 2005) thiedHargreaves method
(Hargreavesn 1985). A more detailed descriptiothefcalculations is located in Appendix C.
The ASCE Penman-Monteith ET method is considerdxktthe most accurate ET calculation
(ASCE-EWRI, 2005) and requires comprehensive weatae to complete an energy and mass
balance. Because detailed weather data is noyalaailable, the simpler Hargreaves method
(Jensen, 1997) that depends on air temperaturtbeation was used. The Hargreaves method
tends to overestimates evapotranspiration, espeaidhumid regions (Trajkovic, 2007), and
should only be used for time steps of five daylnger, because of sudden changes in weather
that could cause changes in wind and cloud covarditdaves, 2003). For this study, both the
ASCE Penman-Monteith and Hargreaves methods wenpax@d and discussed in the results

section.
Water Use Coefficient Curve Development
After the system evapotranspiratidilsys was calculated from the water balance and the

reference evapotranspiration was calculated fr@mNBCE Penman-Monteith equation, a daily
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water use coefficient was developed. A water wsee; similar to a crop coefficient curve

(Figure 2.2) and the wetland water use curve (8glB), were developed.
Effluent Flow Meter Data

An effluent flow meter and vault were located oa #ast side of the CWTS and recorded
the effluent water flow leaving the CWTS at LS. eTiheter recorded two effluent water flow
values every hour including grand volume and voldatal, which represents the accurate
CWTS total effluent flow. The daily total volumeaw used in the water balance calculations.
Information about how the effluent flow meter datas downloaded can be located in Appendix
D.

Water Sampling

Water samples were collected beginning on April2l?,1 at the same locations as
described above for the HORIBA measurements. @iiferent water sampling bottles, with
labels according to each location, were used te vekter samples. After sampling was
completed, a Chain of Custody (COC) form was filked and placed inside the cooler along
with the water samples. The water samples werkdogvn and sent to Continental Analytical
Services, Inc. (CAS) in Salina, KS, where all laiory testing was conducted on each of the

water samples.

Water samples were analyzed for seven constitureciteded: boron (B), manganese
(Mn), mercury (Hg), selenium (Se), chloride §Clluoride (F), and sulfate (S&). These seven
constituents were tested for using specific lalmyamnethods from CAS from the US EPA
including: 200.7 for boron; 200.8 for manganese; ENM2B/7470A for mercury; 200.8(IC-ICP-
DRC-MS) for selenium; 300.0 for chloride; 300.0 flworide; 300.0 for sulfate. Laboratory
results were used to complete a mass balance brceastituent. Further information about

water sampling and changes throughout the wateplgagrcan be found in Appendix E.
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Mass Balance of the CWTS

A mass balance was created for the CWTS. The parpbthe mass balance was to
determine the performance of the CWTS at removavgs main pollutants including boron,
manganese, mercury, selenium, chloride, fluoridd, aulfate. The water samples sent to CAS
were used to determine the incoming and outgoimgeatrations of the main pollutants of
concern; therefore, incoming concentrations werdiptied with respect to the incoming flow
of both FGDWW and RAW water, while outgoing flow svanultiplied with the outgoing
concentrations. As a result, the masses of akkdinepounds entering and leaving the CWTS
were determined and used to evaluate the perforenaintbie CWTS. Additional information
about how the mass balance was created and usletetonine the performance of the CWTS

can be viewed in Appendix F.
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Chapter 4 - Results and Discussion

Research and data collection occurred for the CWTH:=C from January 17, 2011 until
May 22, 2012. From all of the results, each olbjecior the CWTS at JEC was completed.
There was little to no relationship between the HERwater quality measurements and the
analytical water tests conducted by CAS. A watdaiice was created for the CWTS, where
times of unsteady flow in and out of the CWTS waeéermined and justified. With the use of
the water balance and weather data, a water u$ecard was created and compared to other
constructed wetland water use coefficients, whienes determined further research over
multiple growing seasons would create a more atewanad consistent water use coefficient for
the CWTS at JEC. Lastly, the mass balance foCWE'S was created and determined a high
removal of mercury, selenium, and fluoride from H@&D wastewater, but low removals of
boron, manganese, chloride, and sulfate. A maotaldd discussion about the results of each

objective can be viewed below.
Water Quality Measurement Results

In general, there was little to no relationshipnestn the HORIBA water quality
measurements and the analytical water tests coedlibgt CAS (Table 4.1 and Appendix G).
While some water quality measurements were notagpdo be affected by pollutant
concentration (e.g. temperature, turbidity, and X9 remaining five water quality
measurements (pH, ORP, conductivity, TDS, and s$gliwere expected to exhibit a stronger
relationship with some of the pollutant concentmasi, especially manganese, chloride, and

sulfate.

The pH of a wetland system affects various biolaprocesses as well as solubility and
several important chemical reactions, such asybeoltide and oxyhyroxide precipitates of
manganese and sulfide phase equilibrium in subrdesgiés can affect the sorption and
desorption of ions (Kadlec and Wallace, 20090xidation-reduction potential (ORP) can
affect both chemical and microbial processes akagdhave a huge impact on “biological
availability of major and trace nutrients in sariggeneral” (Patrick et al., 1985; Gambrell et al.,

1987). For example, sulfate is reduced to sulfithin negative ORP environments, allowing
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an increase in sulfide to be released into therenment (Wake et al., 1977). According to
Younger (2000), wetlands built to remove metal$wisoluble sulfides promote sulfate
reduction; therefore, in positive ORP values, highdfate conditions would have been seen.
Conductivity and total dissolved solids (TDS) aeary proportional to each other and
measurements can be conducted in wetlands to dategalt content. An increase in the
chloride concentration should yield an increaskeath conductivity and TDS (Kadlec and
Wallace, 2009). Salinity measures the dissolvéicceatent within the water or soil, in which
sodium chloride and calcium sulfates are commats giiadlec and Wallace, 2009). Depending
on each form of chloride and sulfate located withiea CWTS at JEC, there should have been a
correlation between high salinity measurementsaamihcrease in either chloride or sulfate
concentration.

Table 4.1. The R values for each water quality measurement (dependevariable)

compared to each pollutant (independent variable) ovide a goodness of fit of the model,

in which values of 1 would indicate the regressioline produced from the graphs in

Appendix F would perfectly fit the data provided. Below, R values shown in red indicate

the best R values, or the best goodness of fit for that model

Temp. pH ORP Conductivity Turbidity DO TDS  Salinity
Boron 0.407 0.076 0.082 0.412 0.104 0.218 0.416 0.395
Manganese| 0460 0.021 0.250 0.406 0.051  0.267 0.411 0.380
Mercury 0.008 0.001 0.013 0.002 0.017 0.005 0.002 0.001
Selenium | 0.004 0.004 0.001 0.001 0.001  0.004 0.001 0.002
Chloride | 0.320 0.030 0.223 0.408 0.109 0.209 0.414 0.393
Fluoride 0.056 0.026 0.000 0.047 0.146  0.022 0.047 0.037
Sulfate 0.404 0.027 0.193 0.452 0.101 0.252 0.458 0.438

The R value determines the linear correlation betwéenatater quality measurement
(dependent variable) and each pollutant (indepandetable), providing information about the
goodness of fit of the model. The closer tifev&ue is to 1, the more accurate and/or less
variance between the independent and dependentidatefore, the regression line of a\Rlue
of 1 would perfectly fit the data. From the &tthe values in red bold font represeAvRlues
above 0.400 or 40%. Only eleveA Rlues were above 40% out of all fifty-siX fRalues;

however, despite these largé\Rilues compared to the other values on the tdi#ejalues are
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not high enough to show a positive relationshipveen any water quality measurement and any
pollutant. With this analysis, it was determinbdttwater quality measurements could not be
used to determine an increase or decrease in @aflobncentration at any given time due to low
R? values showing a lower goodness of fit of the nhodéerefore, it was recommended to

continue analytical water tests to determine chamg@ollutant concentration.
Weather Data and Effluent Flow Meter Results

Weather and flow meter data were used in the dpusat of the water balance for the
CWTS (Equation 3.3). Figures 4.1 and 4.2 shownbekly water inputs (RAW, FGDWW, and
precipitation) and outputs (LS) for 2011 and 20&8pectively. All data used in this analysis is
located in Appendix G.

At the beginning of 2011, RAW and some FGDWW watere introduced into the
CWTS to establish water within the new wetlandscelbtarting in the middle of February, larger
amounts of FGDWW were added to the system andsttate of the CWTS began on March
10, 2011, when an outflow began to leave the CWNM&hin the water balance, water storage in
the wetland cells was assumed to be zero, stdimgdlls would be maintained at a constant
level; therefore, by assuming water storage todre,zhe evapotranspiration of the system could
be determined. Due to unexpected unsteady flowléT4 2), there were times throughout the
course of the research where no inflow, no outflamd/or increased outflow occurred within the
CWTS causing a change in storage to occur. Sortteesé unsteady flows were a result of
maintenance on broken pumps and pipes at the C\Wd 3vdhin the wastewater treatment
building at JEC; large precipitation events thromgfithe year impacted flows, also.

These large precipitation events resulted in areese in outflow such that outflows
were greater than the inflow of both RAW and FGDWiAMrder to maintain a constant depth of
water within the CWTS. According to the climogrgfgigure 3.1), large precipitation events
between 100-150 mm (3.94-5.91 in) should be exdezdeh month starting in May and
continuing to August every year; however, with gasing periods of drought throughout Kansas

over the past two years, these numbers vary frantgeyear. For design purposes, the wetland
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should be able to accommodate extra inflows of kvatech as precipitation, for a given area

based on the climate conditions.

Weekly Inflow and Ouflow- 2011
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Figure 4.1. 2011 weekly influent (RAW,

water amounts entering and leaving the CWTS at JEC
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Weekly Inflow and Outflow-2012
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Figure 4.2. 2012 weekly influent (RAW, FGDWW, and Recipitation) and effluent (LS)

water amounts from the CWTS at JEC

Water Use Coefficient Curve

From the weekly influent and effluent data discdsaleove, the system

evapotranspiration was determined, which can bergbd in the Appendix H in two separate

tables to represent the system evapotranspiratto20fL1 and 2012. Also located in Appendix

H are the results from both the ASCE Penman-Mdngeid Hargreaves methods to determine

reference evapotranspiration values for

the reference evapotranspiration for the CWTS.

both methods are represented in separate tabled basyear and method used. A water use

coefficient was determined by both of these valueghich several water use coefficient curves

were created and can be viewed in Figures 4.3 ¢jirdw6.
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Figure 4.3. Three week running average of system E(ETsyy), reference ET (ET,), and
water use coefficient (K), with ET values plotted against the primary y-axs and water use
coefficient values plotted against the secondary gxis for each DOY starting on 3/10/2011
(steady-state) to 5/12/2012. Ewas determined using the ASCE-Penman Monteith

method.
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Figure 4.4. Three week running average of system E(ETsyy), reference ET (ET,), and
water use coefficient (K), with ET values plotted against the primary y-axs and water use
coefficient values plotted against the secondary gxis for each DOY starting on 3/10/2011
(steady-state) to 5/12/2012. Ewas determined using the Hargreaves method.

A three week running average was conducted to dmmdtthe short-term fluctuations
for all variables (Edys ET,, and k) (Figure 4.3; Figure 4.4). By smoothing out eatthe
variables, short-term fluctuations were evenedo@mphasize the long-term trends that were
unable to be determined within the short amounineé¢ data was collected at JEC. JEWas
determined using a water balance and is denoteleblyold, black line. For the water balance,
the change in storage was assumed zero in ordi@teéomine the system ET; therefore, when
unsteady state occurred throughout the researabdpdhnis effected the change in system ET
throughout the year. The dramatic spikes withguFes 4.3 and 4.4 are the result of the
unsteady state. The ASCE-Penman Monteith (Figieathd Hargreaves methods (Figure 4.4)
were both used to calculate &Where both methods increase and decrease witblating
increasing and decreasing temperatures, showisgMater is lost through evapotranspiration

during the winter months and more during the sumihshould be noted that the Hargreaves
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method over estimates ET values, due to less wedéta applied, which can result in a higher
ETo. As a result of both Ejsand ET, the water use coefficient,.Kwas determined and

changes as both these variables change throudieuyear.

1.6

=
[N}

o
~

Water Use Coefficient (mm/mm)
o
o]

0 100 200 300 400 500

DOY
emmm» Jtah e oF|orida e |EC, True eeee JEC, Estimated

Figure 4.5. Water use coefficients from Utah, Floda, and Jeffrey Energy Center are
compared from 3/10/2011 (steady-state) to 5/12/2Q1Estimated water use coefficients are

shown in the dotted line. ET determined using the ASCE Penman-Monteith method.
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Figure 4.6. Water use coefficients from Utah, Floda, and Jeffrey Energy Center are
compared from 3/10/2011 (steady-state) to 5/12/2Q1Estimated water use coefficients are

shown in the dotted line. ET, was determined using the Hargreaves method.

Figures 4.5 and 4.6 represent three separate usgearoefficients developed for
constructed wetlands located in Utah, Florida, d&fttey Energy Center (Kansas)
(Kadlec,1989), where Figure 4.5 uses the ASCE Pesvianteith method for calculating BT
and Figure 4.6 uses Hargreaves. From both figtinegyrey lines represent the Utah and Florida
water use coefficients, while the black, bold Irepresents the three-week running average
water use coefficient starting on 3/10/2011, wtfike dotted line shows the estimated water use
coefficients determined for the CWTS at JEC. Thehlhnd Florida Kvalues were used as a
reference to compare the Heveloped at JEC. Because of a lack of repediatiler many
growing seasons, the true #alues for JEC are inconsistent over the timeeséarch compared
to the water use coefficients for Utah and Floriti@refore, during times where JEG \alues
were extreme due to unsteady state, an estimatedlle was calculated in order to determine
an overall water use coefficient for JEC. Unsyestdte over the short research period is one of

the main factors for extreme variability throughthe years. Other factors, including
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immaturity of plants, small root zone, climate, amk of system, also could have affected the
JEC K values to be more or less than Utah and Florida’s

During times of steady-state when everything wagking properly, such as DOY 150 to
200, the true Kvalues are below both Utah and Floridaisvélues, but still within a reasonable
range for water use coefficients. Figure 4.5 hatewuse coefficients closer in resemblance to
Utah and Florida, because it is using & B&termined by the ASCE Penman-Monteith method,
which uses more weather data and in theory, candre accurate compared to otheR,ET
methods. In Figure 4.6, the trug ¥alues are not as equivalent to both Utah anddar K.
values, because the Hargreaves method was usetktonghe the EJ The Hargreaves method
uses less weather data compared to the ASCE adsl teioverestimate the ETAs a result,
during times of extreme EJ the K; values with a Hargreaves Edre much lower compared to
Utah and Florida’'s K Depending on how the B1s computed, either with the ASCE Penman-
Monteith or Hargreaves, this determines which waser coefficient to use. For example, at
JEC, there is an on-site weather station that dsctire necessary data needed to compute both
ASCE Penman-Monteith and Hargreaves method, but/éagher station automatically records a
reference ET using the ASCE Penman-Monteith mettimatefore, the water use coefficient
used at JEC should be dependent on the ASCE Pekioateith ET,.

At Jeffrey Energy Center, the main use of detemmgia water use coefficient was to
assist in the scale-up of the pilot scale wetland tull scale wetland; therefore, a water use
coefficient ranging from 0.45 to 1.10 mm/mm, withedéerence ET determined using the ASCE
Penman-Monteith method, is proposed (Figure 4D0ring colder temperatures, the lower
water use coefficients will be used as comparegaioner temperatures when the larger water
use coefficient are used, due to more water basigthrough evapotranspiration. As discussed
in Chapter 2, for large constructed wetlands, dierence ET can be used as an equivalent to the
system ET; however, for Jeffrey Energy Centels itot recommended to use a reference ET as
the system ET, especially with Hargreaves refer&icebecause the amount of water lost

through evapotranspiration would be extremely @gtimated.
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Figure 4.7. Proposed water use coefficient for JE@om 0.45 to 1.10 mm/mm using a ASCE

Penman-Monteith ET,.
Water Sampling Results

As discussed earlier, several water samples wkes taom different locations located
on the CWTS at JEC and shipped to CAS for laboyatsting. All the water sampling data
collected from CAS can be found in Appendix I.oll&tant concentration information was used
to create mass balances for the CWTS to deternunewell the CWTS was functioning based

on removal of pollutants.
Mass Balances for Seven Pollutants

The seven main pollutants of concern for the CWITSL include the following: boron
(B), manganese (Mn), mercury (Hg), selenium (Saprade (CI), fluoride (F), and sulfate
(SOs®. The incoming and outgoing mass concentrafitmial mass concentration removed,
weekly percentage of constituent removal, and mgptotals for incoming and outgoing mass
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concentration amounts were determined for eachifamit and plotted to show the ability of the

CWTS to remove each pollutant.
Boron

Boron was one of the main pollutants tested fahewater samples, in which Figures
4.8 to 4.10 represent the necessary data to deterimé ability of the CWTS to remove this non-

metal. Extra figures for boron can be found in Apgix .

Weekly Boron Removal-2011
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Figure 4.8. Weekly total boron mass removal, in gnas, for 2011. Above each bar shows
the percentage removed for the specific week. NOTH there is no percentage, this means
the percentage is above a one-hundred value, eithpositive or negative, unless stated

otherwise.
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Weekly Boron Removal-2012
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Figure 4.9. Weekly total boron mass removal, in gmnas, for 2012 until May 22nd. Above
each bar shows the percentage removed for the spigciweek. NOTE: If there is no
percentage, this means the percentage is above admndred value, either positive or

negative, unless stated otherwise.

Overall, boron removal from week to week variesbtighout the research period. In
2011, during times of steady state, such as weegllkr@ 28, the CWTS was consistently
removing about 50% or above of boron; however, wthere were times of unsteady flow,
boron removal decreased greatly, even allowing doonen to be released. In 2012, boron
removal also varied throughout the year; howeversé values were not as strongly correlated to

steady state flow as well as it was for 2011.
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Total Boron Input/Output for All Weeks
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Figure 4.10. The running total of input and outputfor the mass of boron for all weeks the

CWTS was being researched.

Figure 4.10 represents the total input and outpbbron over the course of the research
time. Roughly 147,500 g (325 Ib) of boron entetleel CWTS, while about 120,600 g (266 Ib) of
boron was released by the CWTS. Overall, ovecthese of the research time for the CWTS at
JEC, the amount of boron removed averaged about 1#4s than a quarter of the boron
entering the CWTS was removed from the wastewaigretained within the wetland system by
either the plants and/or soil. Over time, boron lbacome toxic to plants, which will allow less
boron to be taken up by the plants and stored fong period of time. In 2012, less boron was
removed, which could be a result of plant toxiaigreasing due to larger amounts of boron
entering the CWTS,; therefore, in order to allow enboron to be retained, the plants in the

wetland system would have to be taken out and ramtgpwould need to be planted.

According to Kansas Department of Health and Emwivent (KDHE), there is no
criterion available for boron concentrations fout@cand chronic aquatic life. Because of this,
no regulations are put on the amount of boron fepthe CWTS to Lost Creek which eventually

discharges into the Kansas River and possibly cdosmstream issues. One main downstream
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issue is many farmers and towns use the Kansas &v& source of irrigation and drinking
water, in which KDHE does have a criterion forgation water. If water is used for livestock
and irrigation agricultural purposes, the critesidar boron are 5,000 pg/L (4.2 x 1lb/gal) and
750 pg/L (6.3 x 18 Ib/gal), respectively. The average weekly effilsoron concentration
leaving the CWTS was about 2,662 pg/L (2.22 X lgal); therefore, the average weekly
effluent boron concentrations meets KDHE'’s waté@edr for livestock water use, but not for

irrigation water use.
Manganese

Manganese is another one of the seven pollutastisdtéor with the water samples.
Figures 4.11-4.13 represent the data collected trmwater samples and graphical
representation to determine the capability of maega removal by the CWTS. Extra graphs

can be viewed in Appendix I.
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Manganese Removed-2011
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Figure 4.11. Weekly total manganese mass removat, grams, for 2011. Above each bar
shows the percentage removed for the specific weeKOTE: If there is no percentage, this
means the percentage is above a one-hundred valegher positive or negative, unless

stated otherwise.

Figure 4.11 represents the weekly total mangamess removal, in grams, for 2011, in
which each bar has a percentage removal value atsalerepresenting the percentage of
manganese removed for a specific week; howeveh, wénganese, most of the bars in the
figure do not have a percentage above each baaubethe manganese removal in 2011 resulted
in a weekly percentage removal over -100%. Ths 1id weeks of 2011 resulted in positive
total manganese removal, but the values are extyesna&ll, ranging from 0-20 g (0-0.044 Ib)
removed weekly, which is the reason the bars feseélweeks barely appear on the figure.
Manganese removal at the beginning of the resqaexbd, between weeks 15-21, were high;
however, despite these high manganese removalgllovanganese was not removed week to
week in 2011.
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Manganese Removed-2012
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Figure 4.12. Weekly total manganese mass removat, grams, for 2012 until May 22nd.
Above each bar shows the percentage removed for tkpecific week. NOTE: If there is no
percentage, this means the percentage is above admndred value, either positive or

negative, unless stated otherwise.

Figure 4.12 represents the weekly manganese rermo28l2. Despite no removal of
manganese occurring in the winter months of 20id peginning of 2012, from weeks 1 thru 8,
manganese was actually being removed at an avesegldy removal of about 70%. Even with
removal of manganese that occurred at the begirofied12, manganese was not being

removed by the end of the research in 2012.
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Total Manganese Input/Output for All Weeks
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Figure 4.13. The running total of input and outputfor the mass of manganese for all weeks

the CWTS was being researched.

Figure 4.13 shows the overall amount of mangamgsé and output for the CWTS.
Clearly, manganese was not removed overall and margganese was released than was
actually input into the CWTS. About 82,000 g (1BLof manganese was input, while 144,900
g (319 Ib) was released by the CWTS; thereforeptieaall removal of manganese by the CWTS
was about -66%. The negative removal of manganes#'s from the manganese located on the
exchange sites of soil particles that are reledsetg anaerobic conditions. Under anaerobic
conditions, selenium bind to the exchange siteatémton soil particles, releasing the already
present manganese into the effluent; thereforeemmanganese was released with the effluent
than the amount that entered the CWTS, due torgsepce of manganese within the wetland
before the addition of the wastewater. Through KDhBhanganese does not have a criteria
concentration for aquatic life, agricultural, amdpoiblic health parameters, and typically only

has an effect on the taste of water.
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Mercury

Along with boron and manganese, mercury was anotiaen pollutant tested for in the
CWTS at JEC. Mercury was removed 100% each weR1d and 2012, minus a couple of
weeks (Appendix I).

Total Mercury Input/Output for All Weeks
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Figure 4.14. The running total of input and outputfor the mass of mercury for all weeks

the CWTS was being researched.

Figure 4.14 shows the total input and output ofauer for all the weeks of research.
About 51 g (0.11 Ib) of mercury entered the CWT8ilevless than 1 g (0.002 Ib) of mercury
was released; therefore, overall 98% of mercury ieasved by the CWTS.

Mercury is a dangerous pollutant monitored by KDaitel has several criteria for
different purposes. In this case, the remaininga2¥hercury which was released from the
CWTS must meet the KDHE aquatic life criterion émute and chronic parameters of 1.4 pg/L
(1.17 x 10 Ib/gal) and 0.77 ug/L (6.43 x £ab/gal), respectively. The average weekly effluen
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mercury concentration was about 0.001 pg/L (8.35% Ib/gal); therefore, there was no
violation with effluent mercury concentrations frahe CWTS at JEC.

Sdenium

Selenium was another main pollutant tested fonenGWTS located at JEC. Selenium
was the main pollutant, along with mercury, the CS\Was designed to remove in order to
prevent environmental hazards downstream once #terwas released from the CWTS;
therefore, the ability of the CWTS to remove salemwas justified in Figure 4.15-17, with extra

figures located in Appendix .

Selenium Removed-2011
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Figure 4.15. Weekly total selenium mass removal, igrams, for 2011. Above each bar
shows the percentage removed for the specific weeKOTE: If there is no percentage, this
means the percentage is above a one-hundred valegher positive or negative, unless

stated otherwise.
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Selenium Removed-2012

6.0E+01

76%

100% 100%

1 13 5

4.0E+01

Total Mass Removed (g)

2.0E+01

7

Week @ Selenium

1 1

0.0E+00

1 3 5 7 9 1 19

Figure 4.16. Weekly total selenium mass removal, igrams, for 2012 until May 22nd.
Above each bar shows the percentage removed for tepecific week. NOTE: If there is no
percentage, this means the percentage is above admndred value, either positive or

negative, unless stated otherwise.

Overall, selenium was removed each week durind 20t 2012, with some weeks of
release or no removal of selenium occurred. Froth bgures, it appears more selenium is

removed during periods within the year where tlageswarmer temperatures.
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Total Selenium Input/Output for All Weeks
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Figure 4.17. The running total of input and outputfor the mass of selenium for all weeks

the CWTS was being researched.

In Figure 4.17, the total selenium input and otifppm the CWTS over all the weeks of
research can be viewed. The total input of sefanas 4065 g (9 Ib), while 620 g (1.4 Ib) of
selenium was released by the CWTS. Overall, th&S\at JEC was able to remove on average
about 80% of the selenium input, allowing only 2@4eave the wetland system. In order to
remove more selenium within the wetland cells, sochrnges were made on the wetland system
to ensure as much selenium removal as possibleni8m was in the form of selenite as it
entered the wetland system, but in order to retaianium within the wetland system, the cells
were converted from aerobic cells to anaerobisgcwihich allowed selenite to reduce to
elemental selenium. By doing this, the elemergbdrsum was held better within the soil
particles and less was released by the CWTS; hawthesabsolute level of selenium must meet
KDHE water quality criteria. For aquatic life, thenount of selenium allowed is 20 pug/L (1.67
x 107 Ib/gal) for acute and 5 pg/L (4.17 x 4b/gal) for chronic exposure. For the CWTS at
JEC, the average weekly output of selenium wasta#h88 pg/L (7.39 x 181b/gal). Therefore,

the CWTS meets KDHE's criterion for acute aquatfe, but not for chronic aquatic life.
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Chloride

Chloride was another main pollutant tested fohmm €WTS at JEC. At high
concentrations, chloride can be extremely harnadydlants; therefore, chloride was one of the
main reasons the FGD wastewater was diluted witk\VRatater from the lake on-site. Figure
4.18 thru 4.20 depict graphically the ability o€t8WTS to remove chloride, with extra figures
found in Appendix I.
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Figure 4.18. Weekly total chloride mass removal, igrams, for 2011. Above each bar
shows the percentage removed for the specific weehOTE: If there is no percentage, this
means the percentage is above a one-hundred valegher positive or negative, unless

stated otherwise.
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« Chloride Removed-2012
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Figure 4.19. Weekly total chloride mass removal, igrams, for 2012 until May 22nd.
Above each bar shows the percentage removed for tepecific week. NOTE: If there is no
percentage, this means the percentage is above admndred value, either positive or

negative, unless stated otherwise.

Throughout 2011 and 2012, chloride weekly removarged week to week, showing no

consistent removal or accumulation of chloride aller
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Total Chloride Input/Output for All Weeks
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Figure 4.20. The running total of input and outputfor the mass of chloride for all weeks the

CWTS was being researched.

Figure 4.20 presents the cumulative chloride irgmat output for all weeks of research.
Throughout these weeks, an overall input of chmes about 26,730,000 g (58,930 Ib), while
27,650,000 g (60,958 Ib) of chloride was releasethb CWTS,; therefore, the amount of
chloride leaving the CWTS was 3% greater than theumt entering over the course of the
project. Chloride has criteria for both acute esyre of aquatic life 860,000 pg/L(7.18 X310
Ib/gal) and domestic water supply 250,000 pg/L(Xa®9° Ib/gal) through KDHE. The average
weekly chloride concentration leaving the CWTS whsut 514,000 pg/L (4.29 x 0b/gal).
Despite the large amounts of chloride not retaingdin the CWTS at all, the amount of
chloride leaving the CWTS was still under KDHE'g#@rion for acute exposure of aquatic life,

but not for domestic water supply.
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Fluoride

Fluoride, a simple anion of fluorine, was one @ thst pollutants tested for in the CWTS
at JEC. Fluoride can cause health problems ifriaoh or too little is present within drinking
water (Tolgyessy, 1993). Figure 4.21 can be vieteedetermine the ability of the CWTS to
remove fluoride. Additional graphs can be viewedppendix |. Fluoride removal from a
week to week basis throughout the course of tlogept showed constantly high, positive values.
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Figure 4.21. The running total of input and outputfor the mass of fluoride for all weeks the

CWTS was being researched.

Figure 4.21 shows the total input and output wdriide for all weeks. About 512,300 g
(1,129 Ib) of fluoride entered the CWTS, while 15I8) g (239 Ib) of fluoride was in the effluent.
Overall, fluoride removal over the course of timethe CWTS was on average about 72%.
Fluoride does not have water quality criteria vatiute and chronic exposure parameters for
aguatic life through KDHE; however, agriculturakgssuch as livestock and irrigation, as well

as domestic water supply do have fluoride watetityuaiteria. Fluoride water quality criteria
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are set for these three purposes by KDHE probabénsure the correct amount of fluoride that
could be obtained by humans without causing hesdilnes as discussed above. For agricultural
purposes, water criteria of fluoride for livestaz000 pg/L (1.67 x I8Ib/gal) and irrigation are
1,000 pg/L (8.35 x 1BIb/gal). Similar to livestock water criteria dibride, domestic water
supply also has water criteria of 2,000 pg/L (Ix6I0° Ib/gal) for fluoride. With the CWTS
releasing only 28% of fluoride, the average weeHuent fluoride concentrations were about
2,797 pgl/L (2.33 x 1BIb/gal). Despite high removal of fluoride, theesage weekly effluent
fluoride concentrations were in violation of KDHEater quality criteria for both agricultural

purposes and domestic water supply.
Sulfate

Sulfate, a form of sulfur found in aerobic watevss the last of seven pollutants tested
for in the CWTS at JEC. The remaining figures,uf@g4.22 to Figure 4.24, show graphically
the ability of the CWTS to remove sulfate from thastewater before releasing it into Lost
Creek and eventually reaching the Kansas Rivetrakaphical representation can be viewed
in Appendix I.
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Figure 4.22. Weekly total sulfate mass removal, igrams, for 2011. Above each bar shows
the percentage removed for the specific week. NOTH there is no percentage, this means
the percentage is beyond a one-hundred value, eithgositive or negative, unless stated

otherwise.
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Sulfate Removed-2012
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Figure 4.23. Weekly total sulfate mass removal, igrams, for 2012 until May 22nd. Above
each bar shows the percentage removed for the spigciweek. NOTE: If there is no
percentage, this means the percentage is beyondraeehundred value, either positive or

negative, unless stated otherwise.

Between Figure 4.22 and Figure 4.23, weekly sallfamoval varies from week to week,
where there are some periods of high removal falblwy periods of extreme output of sulfate.
After week 40 in 2011 and continuing into 2012 réheas a constant low weekly removal of

sulfate.

Figure 4.24 shows the running total of weeklyadfinput and output for 2011 for the
overall mass of sulfate removed by the CWTS. Theuwnt of sulfate entering and leaving the
CWTS overall are about the same from the beginafrP11 until week 20. Starting on week
21, the overall amount of sulfate leaving the CWAU& greater than the overall amount entering
and lasted for about four weeks until week 25. nirmeeek 26 to week 37, the overall amount of
sulfate entering the CWTS was greater than theadiveamount of sulfate leaving; however, by
week 38 until the end of the year, the overall amai sulfate leaving exceeded the overall
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amount of sulfate entering the CWTS. The overalbant of sulfate that entered the CWTS for
2011 was about 67,400,000 g (148,592 Ib), whileotrerall amount of sulfate that left was
about 73,435,000 g (161,896 Ib); therefore, thealyfamount of sulfate that was removed by
the CWTS was about -9%.
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Figure 4.24. The running total of input and outputfor the mass of sulfate for all weeks the

CWTS was being researched.

Figure 4.23 shows the overall input and outpguifate for all weeks. The total sulfate
input into the CWTS was about 97,745,000 g (215)8%Iwhile over 110 million grams (24,500
Ib) of sulfate was released by the CWTS betweerd 20t 2012.Overall, the amount of sulfate
removed by the CWTS over the course of time wasiiadd@ %, in which more sulfates were
generated within the wetland system. Accordingadlec and Knight (1996), sulfur occurs as
sulfate in aerobic systems and sulfide in anaersystems; however, in order to reduce selenite
to elemental selenium, the wetland cells were keperobic, allowing some sulfur to become
sulfide. When tested for, sulfide concentratiomsenalways zero for both incoming and

outgoing concentrations. Rainwater does contaimesamount of sulfate, about 1 to 2 mg/L
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(8.345 x 10 to 1.67 x 10 Ib/gal), which could be a source of the excestati(Kadlec and
Knight, 1996). KDHE requires two main water crigefor sulfate of 1,000,000 pg/L (8.35 x40
Ib/gal) for livestock water use and 250, 000 pdl1(x 10° Ib/gal) for domestic water supply.
The average weekly effluent sulfate concentratias about 2,149,000 pg/L (1.79 X4b/gal);
therefore, over the entire course of the time asaltoncentrations were in violation of KDHE’s
water quality criteria for both livestock water @&l domestic water supply.

Overall, the CWTS at JEC had removals of 98% nmgr@&0% selenium, and 72%
fluoride for the year and a half; however, the rammgy four pollutants had much lower
removals, including 17% boron, -66% manganese,cBiride, and -17% sulfate. The negative
removals indicate more pollutants were exportethftbe CWTS than were imported. As
discussed in Chapter 2, constructed wetlands WD Wastewater have been designed and
tested based on the removal of mercury and selemiuwhich high removals of both pollutants
occurred; however, little to no research has beadacted for CWTS treating FGD wastewater
based on the removal of boron, manganese, chl@rksulfate. Kadlec and Wallace (2009)
give multiple examples of wetlands treating otlenfs of wastewater and the ability of these

systems to remove, manganese, chloride, and sutiatt@o data was found on boron removals.

Manganese removal in constructed wetlands showalojec and Wallace (2009) to
vary depending on how large the constructed wetiaiathd what type of waste it was removing.
Constructed wetlands treating coal mine water hadganese removals ranging from 15% to
92% in respect to increasing size of the CWTS, Wwicmuld be a reason for low removal of
manganese at JEC since it was a pilot-scale (You2860; Hooveet al, 1998). Manganese
release from the CWTS at JEC could also be dueetadlissolution of manganese oxyhydroxides
precipitates in low redox potential, especiallonstructed wetlands with sulfate present,
manganous ions may precipitate with hydrogen seilfidring sulfate reduction (Kadlec and
Wallace, 2009).

Chloride removal is relatively low in constructedtlands due to a low biological
demand for chloride; therefore, the total chlomaass is generally similar between the inflows
and outflows in the constructed wetland (Kadlec Arallace, 2009). Unpublished data from

Kadlec and Wallace (2009) give multiple examplesamistructed wetlands ranging from a
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year’'s worth of data up to ten years of data batiwslittle to no change in incoming and
outgoing chloride concentrations. Sulfate remavalso relatively low in constructed wetlands,
because the incoming concentration of sulfate affyi@xceeds the biological requirements of
wetland species; therefore, wetlands are genematiyan effective form to remove sulfate
(Wieder, 1989). Data from 32 wetlands in Kadled ®vallace (2009) have a median sulfate
reduction of around 14%, with only a few wetlandsihg more than a 50% reduction that may

be associated with anaerobic conditions.

With evidence from other constructed wetlands itot uncommon to see such low
removals of chloride and sulfate; however, mangamnesioval through constructed wetlands is
typically higher than seen in the CWTS at JEC. r@aNieJEC CWTS had high removals of
mercury, selenium, and fluoride, with low removaioron, manganese, chloride, and sulfate;

however, low chloride and sulfate removals aredgioof most constructed wetlands.
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Chapter 5 - Conclusions and Recommendations

With a large amount of electricity being generdtgaoal-fired generation power plants
in the United States, more air pollution is beiaguced with the use of flue gas desulfurization
(FGD) systems or scrubbers. In FGD systems, liomesslurry is sprayed simultaneously as flue
gas is being released through smoke stacks in tydetsorb sulfur dioxides and nitrous oxides
to water particles in the limestone slurry. Thuostead of releasing these harmful pollutants into
the air, these pollutants are transferred to wad#ution problems. Increasing interest from the
media and public, as well as increased environrhesgalations, have increased the need for
more research to assist in the development anceimgaitation of new technologies to minimize
environmental issues from FGD wastewater. Curyesiveral wastewater treatments are used
to reduce pollutant concentrations found withinwestewater before releasing the water back
into the natural watershed. However, there istechresearch of the use and performance of
these treatments. Some of the wastewater treatmeat over a broad spectrum of coal-fired
power plants include physical/chemical procesdpbioal treatment systems, zero-liquid
discharge, deep-well injection, and constructedamels.

Jeffrey Energy Center, located north of St. MariKs, is currently the largest coal-fired
generation plant in the state. A pilot-scale carded wetland treatment system (CWTS) was
implemented to remediate FGD wastewater after & pratreated with a basic physical/chemical
wastewater treatment system. The objectives sfdtudy included: (i) evaluate the use of a
portable, water quality meter for assessing wadiawa the field; (ii) develop a water balance
for the CWTS; (iii) generate a water use coeffitiiem the CWTS; and (iv) create a mass

balance of the pollutants of concern.

Water quality measurements were taken using a HBRIEO Series Multi Water
Quality Checker (Horiba, Ltd., Kyoto, Japan) andunled temperature, pH, ORP, conductivity,
turbidity, DO, TDS, and salinity. Along with watquality measurements, data was downloaded
from an onsite flow meter to determine the effludmirate of the wetland. The effluent
flowrate assisted in determining the overall wai@iance of the CWTS as well as the system
ET. A Vantage Pro2™ weather station (Davis Insgats, Hayward, California) was located

onsite and collected hourly weather data. Datanfilee weather station was downloaded and
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further analyzed to determine the reference Ehef@QWTS. Water sampling was conducted
throughout the CWTS and wastewater treatment mgldi JEC to determine influent and

effluent pollutant concentration.

In general, there was little to no relationshgiveen the HORIBA water quality
measurements and the analytical water tests coedlibgt CAS; therefore, it was recommended
to continue analytical water tests to determinenglea in pollutant concentrations. The R
values for each water quality measurement comparedch pollutant were determined to
provide a goodness of fit of the model, in whichedue of one indicates a regression line
perfectly fit to the data provided. The data pdad from the HORIBA meter and water
sampling results from CAS showed relatively lodwRlues. All the Rvalues computed were
below 0.500, by which it was determined that thedaes were not high enough to show a

positive relationship between any water quality sueament and any pollutant.

Water use coefficients were created for two sepaederence ET values, the ASCE
Penman-Monteith method and the Hargreaves methadhs evident that the lack of data, due
to a short research period and inconsistent fldastacaused variable water use coefficients. In
order to provide a complete annual coefficienipested water use coefficients were developed
for periods of questionable data using literatuiakigs. Because the Hargreaves method
produced very high ETo values, the ASCE Penman-dittninethod was recommended. This
method produced a water use coefficient betweesD.40 mm/mm and most closely matches
the values from literature. This information canused to determine future water lost through

evapotranspiration and assist in the scale-upeottiirent CWTS.

Water samples taken throughout the research pesoe used to create a mass balance
of the seven priority pollutants in order to evadutne performance of the wetland system. The
CWTS resulted in high removal rates of mercury (98%élenium (80%), and fluoride (72%);
however, the remaining four pollutants (boron, nearegse, chloride, and sulfate) were not
removed by the CWTS. Seventeen percent of bor@raraoved, but manganese, chloride, and

sulfate were exported from the system. Their rest®were -66%, -3%, and -17%, respectively.

Despite the lack of removal for all pollutants, thecharge water passed the Kansas

Department of Health and Environment (KDHE) watealgy criteria set for different water
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uses for each of these pollutants (Table 5.1). éfffi@ent concentrations from the pilot-scale
CWTS at JEC do not meet KDHE water quality stansléod boron, selenium, chloride, fluoride,
and sulfate for at least one designated use. ¥ffiillent concentrations from the pilot-scale
CWTS not meeting KDHE water quality standards, mdmwvnstream effects could occur in
Topeka and Lawrence, which use the Kansas Rivanvaster supply source. Also, climate
change and increased period of drought will implaetkansas River flow rate and increase
concentrations in the river.

Table 5.1. KDHE water quality standards compared tceach of the seven pollutants average

concentration exiting the pilot-scale CWTS at JECn pg/L. Table taken from KDHE 2004

KDHE WATER QUALITY STANDARDS

Aquatic Agriculture Public
Pollutant | Pilot-Scale CWTS [ Acute Chronic | Livestock Irrigation | Water Supply
B 2,662 5,000 750
Mn 2.60 x10°
Hg 1.00 x10° 1.4 0.77
Se 8.85 20 5
Cr 514,000 860,000 250,000
F 2,797 2,000 1,000 2,000
SO,? 2,149,000 1,000,000 250,000

The average flow rate of the Kansas River ovept 75 years is about 4.45/sec
(157 ff/sec). If there is an increase in flowrate while treated FGD wastewater stream is
being discharged, more dilution of these pollutavitsoccur within the Kansas River; however,
dilution is not a good solution because the pofititaass is still an issue. With the increasing
periods of drought, the Kansas River’s flow raté miore than likely begin to decrease, which
would increase the concentration of the pollutamtse river. If the flowrate of the Kansas
River decreases while a large amount of treated W@&ewater is being discharged into it, the
pollutant concentrations within the treated FGD teamter could begin to affect areas
downstream due to less dilution in the river.

The average discharge from the pilot-scale CWTHc&t into the Kansas River, about
129,310 L/d, is about 7% of the total effluent esled from JEC. If the CWTS was at full-scale,
the average discharge would be about 1,892,500 U4ing the average concentrations of each
of the pollutants from the pilot scale wetland, tloevnstream concentration at Topeka was
calculated for three different Kansas River flowsat It was assumed that the current Kansas
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River had no concentration of each pollutant. €&bP shows the differences in the pollutant
concentration in the Kansas River based on previeemsd lows, highs, and average flowrate of
the river.

Table 5.2. Estimated full-scale CWTS concentratianof each pollutant entering the Kansas
River based on the lowest, highest, and average\Waates over the past 75 years for the
Kansas River. The Kansas River had a low, high, ahaverage flow over the past 75 years

of 1.24 x 16 L/d, 1.44 x 18 L/d, and 3.84 x 16 L/d, which were used to determine change

in concentration of pollutant affecting the KansasRiver in Topeka (USGS, 2012)

Lowest Highest Average
Pollutant CWTS Effluent Concentration Concentration Concentration
Concentration of Pollutant of Pollutant of Pollutant
(mglL) (mglL) (mglL) (mglL)

B 39 5.95 0.0513 0.192
Mn 3.81 x10° 5.81 x 10° 5.01 x 10 1.88 x 10/
Hg 1.46 x10° 2.23x 10° 1.92 x 10 7.20 x 10°
Se 0.130 1.98 x 17 1.71 x 10 6.41 x 10'
(o]} 7,523 1,148 9.89 37.1
F 41 6.26 5.39 x 17 0.202

SOZ'4 31,451 4,800 41.3 155

From Table 5.2, the lowest, highest, and averageeardration of each pollutant was
theoretically determined based on 75 years’ worithata for the annual lowest, highest, and
average discharge rates of the Kansas River dosamtof JEC at Topeka, KS (USGS, 2012).
Topeka, KS was chosen as a reference site to shawthe effects of the effluent from the pilot-
scale CWTS at JEC will affect residents and towmsrtstream. From the table, it is evident
that when the Kansas River decreases in flowragergsulting concentration of each pollutant
increases, because less water from the Kansas iRiused to dilute these harmful pollutants.
These activities occurring upstream of Topeka, K&#rey Energy Center affect downstream
residents in Topeka, KS who use the Kansas Riventlaroughout the city; therefore, increased
water treatment would have to be completed in cimeemove these pollutants and deliver safe
drinking water.
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Recommendations

Due to the poor performance of the CWTS for bornanganese, chloride, and sulfate
removal, it is not recommended to implement a$olle CWTS. Despite the high removals of
mercury, selenium, and fluoride, a full-scale CW3esable to hold more water, allowing more
boron, manganese, chloride, and sulfate to noeb®ved by the system if the same percent
removal occurred. With the full-scale CWTS, thpe#utants would continue to be transferred
downstream by the Kansas River, moving the prolftem one location to the next. Prior to
scale-up, a CWTS effluent treatment system shoelth\estigated to help remove the excess
boron, manganese, chloride, and sulfate not rembyd¢de CWTS. An open evaporation
system could be a possible FGD wastewater treatsysitem to follow the full-scale wetland,
where the water would evaporate into the air aed-¢émaining contaminates would be removed
and landfilled in a hazardous waste landfill. Desfs expense, this type of ZLD system would
be the safest and most efficient way to removedh®ining contaminates contained within the

wastewater after it is remediated using the fulllsCCWTS.
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Appendix A - Horiba Meter Instruction Manual

pH Calibration

The HORIBA meter has two options on how to calienait!, either an auto or a manual
calibration. To calibrate pH using the auto catlon, a pH 4 standard solution was used. First,
the transparent calibration cup, which comes withORIBA meter, was cleaned out 2 or 3
times using deionized water, then the pH 4 standalution was added until it reached the
reference line. The sensor guard is removed fiteMHORIBA meter, so the sensors are
showing, then the HORIBA meter is placed insidetthasparent calibration cup, which is
covered with a black calibration cup, allowing mght to enter and create different readings.
Then on the HORIBA meter’s control unit, the CAlLykeas selected to bring up the calibration
screen on the control unit. From here, the dowovaon the control unit was used to move the
cursor to “Auto Calibration” and the ENTER key wagessed. Once “Auto Calibration” is
selected, the HORIBA meter control unit continuea parameter selection screen, in which
“pH” was selected moving the cursor and pressieg8NTER key. For auto calibration, a one
point calibration test is run, in which the HORIBWeter conducts a span and calibrates the pH

to a value of 4.01. Once the pH value is calilwtate4.01, the auto calibration is complete.

Manual calibration was also run to the HORIBA mesprecifically when there was
difficulty running an auto calibration. Sometintee HORIBA meter would not calibrate to a
value of 4.01, because it was sensing a pH vahieally much larger than 4.01; therefore, a
manual calibration was conducted. A manual caiinas similar to an auto calibration, in
which the transparent calibration cup was still neswith deionized water and then filled with
a pH standard solution; however, in a manual catiibn, a pH standard solution of 7 was filled
to the reference line on the transparent calibmatigp. The HORIBA meter was added to the
transparent calibration cup, and then covered thighblack calibration cup. On the control unit
of the HORIBA meter, the CAL key was selected tmdpuup the calibration screen and the down
key was used to move the cursor to “Manual Calibndtand the ENTER key was pressed.
Once on the parameter selection screen, “pH” wiestsel by moving the cursor and hitting
ENTER, which brought up a calibration point screerthe control unit. Either one point or

multipoint calibration can be conducted with the RIBA meter; however, for manual
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calibration, a multipoint calibration is used, iieh two pH standard solutions are used to
calibrate the HORIBA meter. To selected the maoltp calibration, the number “2” was
highlighted on the control unit and ENTER was peés® start the calibration.

Two different standard solution combinations weyadally used for the manual
multipoint calibration: either a pH 4 and 7 stamtisolution or pH 7 and 10 standard solution
combination was used. A pH 4 and 7 standard smwombination was used the most for the
manual multipoint calibration, because the instarctanual for the HORIBA meter suggests
using a pH 9 standard solution, which was not abél First, the pH value of the pH 7 standard
solution based on the current temperature of theisno is entered using the up and down keys
on the HORIBA control unit. Table 4.1 was usedétermine the pH values based on what
standard solution was being used and what the tertype was. The temperature of the standard
solution was typically around 25°C, so a pH valtié.86 was entered into the control unit of the
HORIBA meter. Once the “Measurement value” ongtreen of the HORIBA meter’s control
unit stabilized, the ENTER key was pushed to béggncalibration.

Table A. 1. The pH values for three different pH sindard solutions based on temperature.

Table taken from HORIBA meter instruction manual

Temp. (C) pH 4 standard solution pH 7 standard solution pH 9 standard
' (Phthalate) (Neutral Phosphate) solution (Borate)
0 4.01 6.98 9.46
5 4.01 6.95 9.39
10 4.00 6.92 9.33
15 4.00 6.90 9.27
20 4.00 6.88 9.22
25 4.01 6.86 9.18
30 4.01 6.85 9.14
35 4.02 6.84 9.10
40 4.03 6.84 9.07
45 4.04 6.84 9.04

When the first calibration was complete, the ENTHelg was pressed when the message
“Cal complete. Press ENT to Span cal.” appearetherscreen. The HORIBA meter was then
taken out of both calibration cups and the trarsmacalibration cup was washed 2 or 3 times
with deionized water, then filled with a pH 4 standl solution to the reference line. The pH

probe on the HORIBA meter was also washed withrdeesl water to remove any dirt, and the
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HORIBA meter was placed first into the transpaiiibration cup then into the black
calibration cup. Using the up and down keys oncthr&rol unit of the HORIBA meter, the pH
value based on temperature for a pH 4 standart@olas entered. As stated earlier, the
temperature was typically 25°C, so a pH value 61 4vas entered. Once the “Measured value”
stabilized, the ENTER key was hit to being thehraliion and when the calibration was finished,
the following message would appear “Cal complet¢T Eo manual cal menu.” in which

ENTER was hit again to bring the control unit backhe calibration parameter screen. Once
pH calibration was complete and the screen shoheddlibration parameters, the ESC key was

hit to return the screen to the single measuresaeen.
HORIBA Site Selection

On the single measurement screen, the site locatigimen on the top left of the screen,
indicating which site the measurements were foheWmoving from one of the 10 locations to
the next at JEC’'s CWTS, the site located on thérobanit of the HORIBA meter needed to
change. To change from site to site, the rightwayg used to change the display to the
“SETTINGS” screen. By using the down key, the ourgas moved until it reached “Site” and
ENTER was pressed, bringing up another screenngdbe down key again, the cursor was
moved to “Select Site” and ENTER was pressed. seEhect site screen shows all the sites
loaded onto the HORIBA meter, and there is a btagdte next to the site that is currently in use.
To change the site from one site to the next, tvendarrow was hit until the cursor was over the
site wanted and ENTER was pressed. This movebl#ok circle from the previous site to the
site wanted. Once finished, the ESC key was hétiorn to the main settings screen and the left

arrow button was used to switch from the settirmgsen to the single measurement screen.
Data Collection Download for HORIBA

The water quality measurements were downloaded)usaU-50PC Data Collection
Software, which came with the HORIBA meter. Th&QPC Data Collection Software was
downloaded on to a PC computer following the satspructions in the Data Collection
Software U-50PC Instruction Manual, starting ongpdg Once the Data Collection Software

was installed, the HORIBA meter control unit wasmected to the computer using a USB cord
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and the data collected from the CWTS sites werenttoaded. To download the data using the
Data Collection Software, the program was firstragzk then on the option [Download data] was
selected from the [Data] menu on the main tooldédhe program. Next, a confirmation screen
appeared on screen asking “Download all data”,hickv[OK] was selected to download. A
screen would appear during the download to showmaowh is currently being downloaded.
Once the download was completed, a <Data selectiondow appeared where all the data is
shown in order of date. The data based on datesiefr quality sampling were selected and
[Download selected data] was selected. The dowleldaata would then appear on the main
screen of the Data Collection Software progranwlich the site, date, time, and GPS were
displayed, as well as the water quality measuresitbiat were taken for the specific site. All the
water quality measurement data was downloaded tisisgrogram and saved as a .cvs file,

which was later converted to an .xlIsx file usingcMsoft Excel.
Appendix B - Weather Data Download Instructions

In order to download the weather data from the Weaink® data logger, the
WeatherLink® icon located on the desktop was setecOnce the program opened, [File] on
the main toolbar was selected and the cursor wagdontil [Open Station] which was clicked.
Once the [Open Station] menu opened, [CWTS2] westssl and the [Open] button was
pressed. After the [Open] button is pressed, theuntloses and returns to the main program, in
which the [Download Weather Station] icon was deléérom the sub-toolbar (the icon
resembled a computer console with arrows to a ceenpoonitor). A message appeared asking
to download the files available and [OK] was seddctOnce the weather data was downloaded,
[Window] was selected from the main toolbar anddhesor was moved over the [Browse]
option. Once selected, the weather data just doad@d appeared in the main screen of the

program.

Appendix C - Reference Evapotranspiration

ASCE Penman-Montheith Method

The ASCE Penman-Monteith equation was one methed tgscalculate reference

evapotranspiratiorg To, for the CWTS. The equation states the following:
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0.408A(R, — G) + ¥ 7573 Ua(es — €4)

A+y(1+ 0.34U,)

ET, = (C.1)

whereETy is reference evapotranspiration (mm dgayl is mean daily air temperaturd); A is
slope of the vapor pressure curve (P'Y; e, is actual vapor pressure (kPa)js saturation
vapor pressure (kPad; — g is the saturation vapor pressure deficit (kRa)is net radiation at
the crop surface (MJ fnday?); G is soil heat flux density (MJ fday™); U, is average 24-h
wind speed (m'Y; andy is the psychometric constant (KFG) (Allen 2000). Some of these
values were directly measured by the Vantage Pro@&&ther station; however, some of these
values were derived through an empirical relatigmsisolar radiation, air temperature, air
humidity, and wind speed are all factors that camieasure by a weather station and will be

used to help determine factors not directly meakure

First, the average daily temperature was determiisedy the temperature values from

the Vantage Pro2™ weather station, in which thiewahg equation is used:

Tmax - Tmin (C . 2)

T =
2

whereT is average daily temperatuiig;axis the daily maximum temperature, ahgh is the
daily minimum temperature. The temperature shbeldiven in Celsius’C). From this
average daily temperature, slope of the vapor pressurve A, was determined using the

following:

4098[0.6108exp (%)]

(T + 237.3)2

Ae (C.3)

whereT is the average daily temperatuf€) andA is the slope of the vapor pressure curve (kPa
°CH.

Actual vapor pressure,, can be derived several different ways from weadla¢a,;
however, actual vapor pressure was found usingmaxi and minimum relative humidity with

the following equation:
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wheree®(Tnin) IS saturation vapor pressure at daily minimum terature (kPa)°®(Tmnay IS
saturation vapor pressure at daily maximum tempeggRHq.xis maximum relative humidity

(%), andRHqin, is minimum relative humidity (%).
To determine saturation vapor pressegethe relationship between saturation vapor
pressure and temperature is expressed as:

. 17.27T
e (T) = 0.6108exp [T ] (C.5)

+ 237.3

wheree®(T)is saturation vapor pressure (kPa) at air tempezdt(°C). With this relationship
established, saturation vapor pressure can belatsdyhowever, it is best to compute the
saturation vapor pressure as an average betweelaithenaximum and minimum air

temperatures with the following expression:

_ eo(Tmax) + eo(Tmin) (C 6)
e; = 2 .

wheree®(Tnay IS the maximum saturation vapor pressure&ftidi,n)is the minimum saturation

vapor pressure.

Solar radiation must be calculated in order to timel net radiation that will be used in
equation 3.5. Solar radiation can be directly meadwith different meters; however, it can also
be calculated using weather data and a series thlematical equations. First, the
extraterrestrial radiation was determined withfilwing:

R = 220 6. 4, [0, sin(p) sin(8) + cos(p) cos(d) sin(w)] (€7

whereR, is the extraterrestrial radiation (MJ’day"), G is the solar constant = 0.0820 MF¥m
day’, d; is the inverse relative distance Earth-Sun (refequation 3.13)ys is the sunset hour
angle (refer to equation 3.15) (rad)is the latitude (refer to equation 3.12) (rad)] ams the
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solar decimation (refer to equation 3.14) (raa.oider to calculate latitude in radians, the

following equation was used:
T
[Radians] = 180 [decimal degrees] (C.8)

where decimal degrees was determined from degreamétes by taking the degree value from
the degrees & minutes and adding it to the minuddse that should be divided by 60. The

inverse relative distance Earth-Sdp,was derived from:

21
= , — C.9
d, 1+0033cos<365]) (C.9)

whereld is the Julian day, which is the day of the yedretween 1 (January 1) and 365
(December 31), or 366 if it is a leap year. Thiarsdecimation was determined from the

following:

2T
=0. in|l—7 — 1. C.10
6 = 0.409ssin (365] 1 39) ( )

whereJ still stands for Julian day. The sunset hour @ngl, was computed by:
wg = arccos[—tan(¢) tan(d)] (C.11)

where¢ is the latitude (rad) andlis the solar decimation (rad). Solar radiatieg,was

calculated with the following equation:

Ry = (a; + by %) R, (C.12)

whereRs solar or shortwave radiation (MJday?), n is actual duration of sunshine (HX)js
maximum possible duration of sunshine or daylighirls (hr),n/Nis the relative sunshine
duration (-),R. is the extraterrestrial radiation (MJ%day?), as is the regression constant,
expressing the fraction of extraterrestrial radiatieaching earth on overcast days (n=0), and
astbs is the fraction of extraterrestrial radiation reiag the earth on clear days (n=N). Daylight

hours,N, can be determined from:
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s

wherews is the sunset hour angle in radians as giventhgreequation 20 or 21. The clear-sky
solar radiationRs,, must also be determined for further use and wasd using the following

equation:
Rs = (0.75+2 x 10752)R, (C.14)

wherez is the elevation above sea level (m) &ads the extraterrestrial radiation (MJ°rday™).

From the solar or shortwave radiatiéy, the net solar or net shortwave radiatiggn, was found

by:
R,s = (1 —a)Rg (C.15)

whereR,sis the net solar or shortwave radiation (M3 day"), « is the albedo or canopy
reflection coefficient (0.23, for a hypotheticabgs reference cros is the incoming solar
radiation (MJ nf day?). The net longwave radiatioR;,, was also found using:

Ry,=0 Tmaxk ;r Tm"”"{] (0.34 - 0.14,/e,) (1.355—5 - 0.35) (C.16)
50

whereR, is the net longwave radiation (MJ’day?’), o is the Stefan-Boltzmann constant (4.903
X 10° MJ m? day"), Tmaxkis the daily maximum absolute temperature in whightemperature
must be in Kelvin (K = °C + 273.16)mink iS the daily minimum absolute temperature also in
Kelvin, e, is actual vapor pressure (kPBYRs, is the relative shortwave radiation that is less
than 1.0Rs is measured or calculated solar radiation (ifaialed, refer to equation 22)(MJ‘m
day?), andRs, is the clear-sky radiation calculated using equefi4 or 25 (MJ i day*). From

all these mathematical expressions, net radiaRRgnyas simply determined by:
Ry = Rps — Ry (C.17)
whereR, is net radiation (MJ thday?), Rsis the incoming net shortwave radiation (M¥ day

1), andRy is the outgoing longwave radiation (MJFrday").
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The soil heat flux, is typically small compared to net radiationwihich a small
calculation based off the idea that soil tempemattails air temperature that states:
Ty —Ti—1

whereG is the soil heat flux (MJ thday?), cs is the soil heat capacity (MITC™?), T, is the air
temperature at time i (°CJ;.1 is the air temperature at time i-1 (°@},is the time interval length
(day), and1z is the effective soil depth (m). With this eqoatithe calculation time steps are

only 24 hours or longer.

Wind speedl,, is another factor important to the FAO 56 Penrivlomteith equation, in
which wind speed was calculated using:
4.87

= C.19
U2 Uzln(67.8z—5.42) (C.19)

whereUs, is the wind speed at 2m above the ground §mls, is the measured wind speed at z m
above the ground surface (M) sandz is the height of the measurement above the gr¢mid

For the ASCE Penman-Monteith method, the wind spbedld be at a standard of 2 m above
the ground; therefore, equation 3.24 was used iiod wpeed that is measured at a different
height than 2 m.

The psychometric constaptyas computed by:
c, P
y = :7 = 0.665 x 1073P (C.20)

wherey is the psychometric constant (kPa'jCP is atmospheric pressure (kPa)s the latent
heat of vaporization (2.45 MJ Ry Cp Is specific heat at a constant pressure (1.0183%MJ kg

1ocY), ande is the ratio molecular weight of water vapor tg dir (0.622).

A Microsoft Excel spreadsheet, titled ET_ref Soddt was created by Scott
Staggenborg, a professor in the Department of Agrgnat Kansas State University, to
determine the evapotranspiration of a locationgiiie ASCE Penman-Monteith method. This
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spreadsheet was used to determine the referenpetesaspiration for the CWTS located at

JEC. Users were responsible for inputting theofelhg data about the site, including: latitude,
elevation, date, month, year, DOY, maximum and murh temperature, precipitation, wind,

solar radiation, and maximum and minimum relativenidity, in which all values were given in
metric units. After these values were input ifite spreadsheet, the reference evapotranspiration
was calculated and compared to the Hargreaveereferevapotranspiration values.

Hargreaves

The Hargreaves method for calculating evapotraaspir is similar to the original
Penman method and only requires maximum and minitemnperatures to determine

evapotranspiration. The Hargreaves method states:

ET, = 0.0023 x RA X (T°C + 17.8) x TD°5° (C.21)
whereET, is evapotranspiration (mm diy RAis extraterrestrial radiation (mm d9yTD is the
temperature difference between the mean maximurpasature and the mean minimum
temperature (°C), ant’C is the mean daily temperature (°C)(Hargreaves 19%ue to the
small amount of weather data needed, Hargreaugpically used for general use and is often
used in countries where obtaining extensive weathtx is difficult.

A Microsoft Excel spreadsheet, titled ET_ref Haeayes.xIsx, was created and used to
determine the reference evapotranspiration threolighHargreaves method. Within this
spreadsheet, the following data was input: dateY Paid maximum, minimum, and mean
temperature values, all in metric units. The spigbaet already contained the extraterrestrial
radiation RA) for each day; therefore, once these values vimnat into the spreadsheet, the
reference evapotranspiration values were calcukedyiven in metric units. These values

were compared to the ASCE Penman-Monteith valussidsed earlier.

Appendix D - Instructions to Download Effluent Flow Meter Data

To download the data, a small cord with a seriat po one end and a USB connector on
the other was used. The serial port was attaahdtetmeter and the USB connector was

plugged into the USB port located on the right silthe docking station in which the laptop the
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mounted was on. The HyperTerminal program was tsddwnload the effluent flow data
from the effluent flow meter. To access the pragrgStart] in the bottom left of the laptop
screen was selected, then [Programs], [Accesspfesinmunications], and finally
[HyperTerminal] was clicked and the program openéthen the program first opened, a small
window always appeared, which was immediately eixaet of and proceeded to download the

flow data.

On the main screen of the HyperTerminal progrante]Wwas selected, then [Open] to
open the correct file to download the effluent fldata. When the open menu appeared, the
[SuperTrol-LE] file was selected and [Open] was l@ince the SuperTrol-LE file was open, a
code was entered into the HyperTerminal windowu gl effluent flow data from the effluent
flow meter. In order for the code to work propethe cursor was placed about five spaces to
the right in the main window and then the code vd@D01, was typed and [Enter] was pushed.
After the code was entered, the data started toh@ad on the screen and once was finished,
was saved as a .pdf file. To save as a .pdffftiég] on the mail tool bar was selected, then
[Print]. Once in the [Print] menu, the adobe PDiater was selected and the [Print] button was
pressed, converting the data into a .pdf file. Wthe conversion was complete, the .pdf file was
saved onto the USB drive, under the Flow foldethwhe current date as its file name.

After the data was saved as .pdf file to the USBegithe data still located on the effluent
flow meter was erased, allowing more data to beedtover until the next download. In order to
erase the flow meters memory, [Menu] was seleatad the data logger that was attached to the
flow meter. After [Menu] was selected, the passly@000, was entered onto the main screen
and [Enter] was hit. Then the cursor was movetthéd Test] command by selected the arrow
button directly below the word [Test] displayedtbe main screen, and [Enter] was selected.
The down arrow was then used until it reached Bradd Logger Utility] command and [Enter]
was selected, again. The [Data Logger Utilityleger shows the number of data logs compared
to the maximum data logs the logger can hold; foeeethe [Stop] command was pushed then
the [Clear] command was selected to erase therdurtenber of logs located on the data logger.
After this, the [Back] button was pushed until &nt back to the screen where the [Test]
command was selected. On this screen, the cu®nwyved under the [Run] command and

[Enter] was selected to begin taking data again.
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Appendix E - Water Sampling Instructions

Beginning on April 12, 2011, water sampling wasducted every two weeks for all 10
sites (LS, AD-7, AD-8, AD-5, AD-6, AD-3, AD-4, AD-1AD-2, and SB). At each site, 5
different water samples were taken with 5 differgarnpling bottles including: 1000 mL plastic
with no preserve, 250 mL plastic withh$0, preserve, 120 mL plastic with NaOH/ZnAc
preserve, 125 mL amber glass witkS&y,, and 500 mL plastic with HN§ preserve. Each water
sampling bottle was used to test for different titmsnts. The 1000mL plastic with no preserve
bottle was tested for BOD, alkalinity, NONO,, TSS, TDS, TS, pH, specific conductance,
hardness, Cl, F, and $0The 250 mL plastic with ¥$0, was used to test for NHHtotal P,
TKN, and COD, while the 120 mL plastic with NaOHAmpreserve was tested for sulfide.
TOC was tested for using the 125 mL amber glads MASO, preserve. The 500 mL plastic
with HNO; preserve also tested a lot of constituents likelfBOOmL plastic with no preserve,
including: Total-Ca, Al, B, Sb, As, Ba, Be, Cd, Qo, Cu, Fe, Pb, Mg, Mn, Hg, Mo, Ni, K, Se,
Ag, Na, Tl, Sn, V, and Zn.

Before sampling began, a label was placed onto watér sampling bottle, which
indicated what type of bottle it was, what it wasted for, date, location, time, and who sampled
it. Once the bottles were labeled, the bottlesewaced inside the cart, where the HORIBA
meter was also placed, and taken to each of tls#d€) At each site, the male connector located
on the piping system on the cart was connecteldetideimale end of the piping system located at
each site. Then, the pump was turned on, allowiatgr to be drawn up through the pipe and
through the cart system. The water was collectetde water sampling bottles through one of

the exiting pipes, which released water out ofdtue onto the ground.

After all the water samples were completed, a Cba@ustody (COC) form was filled
out with the following information: client/reporgninformation, invoice information, sampler’s
name printed and signature, file number, projeategurchase order number, sample
identification, matrix (sample type), regulatorypgram, date sampled, time sampled, total
containers, number of preserved bottles, paranetetsiner type, and whom relinquished the

samples, date, and time. The person sampling @sm®nsible for signing the relinquished line,
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dating and timing it before placing the COC formaide the cooler along with the water samples,
which were iced down. The cooler with the watengkes were then given to a mail carrier, who
was required to sign the received by line andbifill the date and time on the COC form before
accepting the cooler into their custody. The cowlas then taken to Continental Analytical
Services, Inc. (CAS), a NELAC certified environmariaboratory, located in Salina, KS. CAS
was responsible for all laboratories testing onvilager samples collected.

Water sampling at all 10 site locations began Ap2il 2011, in which every other week
water samples were taken and sent to CAS for tpstibbe completed. Starting on May".2
2011, water samples were taken every week, in wihiere were two types of samplings, Type
A and Type A-1, depending on which week it was e Tibkst sampling type, Type A, required
water sampling from LS, AD-7, AD-8, AD-5, AD-6, AB- AD-4, AD-1, AD-2, FGDWW, and
RAW. Sampling from SB was taken out, while wa@mpling at FGDWW and RAW began.
FGDWW and RAW water sampling sites were locatethenwastewater treatment building, just
east of the CWTS at JEC. The FGDWW site was lacatethe west side of the wastewater
treatment building, while the RAW site was locatedthe south side of the building. By taking
water samples of these two waters, the amountrdtitoents from each of these water streams

could be determined before they are mixed at SB.

Type A still used 5 separate water sampling bottidake water sampling at each site
location; therefore, a total of 55 water samplidtles were used. The 5 water sampling bottles
included: 1000 mL plastic with no preserve, 250 prstic with HSO, preserve, 120 mL plastic
with NaOH/ZnAc preserve, 125 mL amber glass wits@,, and 500 mL plastic with HNO
preserve. There was no change in what each Isatthpled for; therefore, the same 5 water

sampling bottles still were responsible for testing same constituents as discussed above.

The second sampling type, Type A-1, was starteaviek after the Type A water
sampling was conducted; however, the second sagiyipe only required water sampling at
three locations, including LS, FGDWW, and RAW. Adpwith the smaller number of water
sampling locations, the Type A-1 only required 2evadampling bottles, instead of 5 sampling
bottles. The 2 water sampling bottles include®@d1mL plastic with no preserve and a 500 mL

plastic with HNQ preserve. The 1000 mL plastic with no preserve rgaponsible for testing
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Cl, F, and S@ while the 500 mL plastic with HN{preserve tested for Total-B, Mn, Se, and
Hg. Both the Type A and Type A-1 used the catake the water samples; however, the cart
was not used to take the FGDWW and RAW water sasnfite bottles were filled directly from
the water spout of these two locations. Type Aaygke A-1 water sampling continued every
week in which the sampling types altered; howererdifications on both Type A and Type A-1

sampling continued throughout the project.

Beginning July 19, 2011, Type A water sampling was changed frormgkiater
samples from 11 site locations to just 3 site liocet, including FGDWW, RAW, and LS,
similar to Type A-1 testing. For Type A testingwater sampling bottles were still used to
collect water samples; therefore, a total of 15awaampling bottles were used for Type A
testing. The bottles used for the Type A testmzjuded: 1000 mL plastic with no preserve, 250
mL plastic with HSO, preserve, 120 mL plastic with NaOH/ZnAc prese&h mL amber
glass with HSO, preserve, and 500 mL plastic with Hil@reserve. The Type A testing bottles
still test the same parameters as discussed aboeach bottle; however, the 500 mL plastic
with HNOs does not test for Total-Sb, As, Ba, Be, Co, Cu, Mig Ag, Tl, Sn, V, and Zn any
more. Type A-1sampling did not change. It shdagchoted that starting July'192011, the
water samples were taken from the LS location ugibgcket instead of the cart. Also, the
water samples were shipped to CAS through FedEatédan Manhattan, KS instead of using a

mail carrier in order to cut back on cost.

Type A and Type A-1 water sampling was not changed February 1, 2012, in which
Type A-1 water sampling remained the same; howd@wgre A water sampling changed. Type
A water sampling still consisted of taking 5 wagamples at 3 site locations with a total of 15
water sampling bottles. Two things changed withenType A sampling. First, the 1000 mL
plastic with no preserve bottle does not test ferahymore, but instead calcium hardness was
added as a testing parameter. The second chatige Type A sampling occurred with the 500
mL plastic with HNQ preserve bottle, which was now testing the follogyparameters: Total-
Ca, Al, B, Cd, Cr, Fe, Mg, Mn, Hg, K, Na, Se, Sls, Ba, Be, Cu, Pb, Ni, Ag, Tl, and Zn.

Starting on February 382012, water sampling went from a weekly samplingvery

other week, in which Type A sampling was conductedrebruary 28, 2012, then two weeks

108



later, on March 18, 2012, Type A-1 sampling was conducted. Alondwsiampling periods
changing, Type A and Type A-1 sampling was charaggin, starting on March #72012 and
April 10", 2012, respectively. Both Type A and Type A-1 pling added two addition site
locations, AD-7 and AD-8. Type A sampling also wiom 5 water sampling bottles at each
site location to 3 water sampling bottles at eatghlscation, but 15 water sampling bottles were
still used. The 3 bottles now used for Type A stmggncluded 250 mL plastic with no
preserve, 250 mL plastic with,BO, preserve, and 500 mL plastic with Hilreserve. The

250 mL plastic with no preserve bottle tested foofide and pH, while the 250 mL plastic with
H,SO, tested for NH and total P. The 500 mL plastic with Hilreserve tested for Total-B,
Cr, Hg, and Se. Type A-1 sampling still consisté@ water sampling bottles for each site, with
the same size and parameters for each bottle @assdisd before. Due to the change in the Type

A and Type A-1 sampling, water samples were talsémgthe cart again.

On April 10", 2012, both Type A and Type A-1 sampling were deahfor the last time,
in which both sampling types were responsible @dlecting water samples at eight locations,
including: RAW, FGDWW, AD-7, AD-8, AD-5, AD-6, AD-3 and AD-4. The amount of
bottles used at each site and the parameters weahanged for either Type A and/or Type A-1
sampling. The cart was used to obtain the wateptes taken directly from the CWTS. Water
sampling was completed on May"322012.

Appendix F - Water Quality Measurements

Water Quality Measurement Data

Tables F.1 to F.8 represent overall water qualiéasurement data taken from the
HORIBA meter for the CWTS located at JEC. Eacletélas a temperature value in degrees
Celsius (°C) with respect to date, which is onld#fehand side, and location, which is at the top
of the table. Some data is missing within eacketabhich was a result of not enough water
within the location for the HORIBA meter to accuigtcome up with a value.
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Table F.1. Temperature values (°C) for all site laations collected using the HORIBA meter
from 1/7/2011 to 1/10/2012

Date LS AD-7 AD-8 AD-5 AD-6 AD-3 AD-4 AD-1 AD-2 SB
1/7/2011 5.86 4.94 4.78 7.17 7.32 5.55 5.34 6.43 7.03 5.52
2/4/2011 1.55 1.71 1.7 1.42 121 1.16 1.76 3.0
3/1/2011 2.55 2.18 231 2.72 2.34 1.99 2.5 4.93 5.69 9.85
3/17/2011 6.58 5.61 6.2 6.34 6 8.46 7.76 12.38 87.4 129
3/31/2011 6.68 6.51 6.32 6.31 6.33 6.35 6.37 6.02 4.8 6.08
4/12/2011 11.62 11.22 11.28 11.67 11.49 12.99 12.3 15.15 18.41 25.2
4/26/2011 | 11.37 11.41 12.56 11.58 11.74 12.21 12.03 11.95 12 15.2
5/12/2011 16.16 16.52 16.55 17.06 16.58 19.1 19.67 19.5 20.35 21.93
5/17/2011| 15.17 14.96 14.88 14.96 14.85 15.15 15.57 14.52 13.11 15.18
5/26/2011 16.35 15.99 16.21 16.2 16.29 16.1 15.88 6.921 18.37 22.17
5/31/2011| 18.71 18.21 18.45 18.18 17.98 19.06 19.76 20.67 21.8 23.43
6/7/2011 23.01 21.74 22.63 22.14 22.06 23.81 24.68 27.8 28.45 23.54
6/14/2011| 20.99 20.95 21.29 21.73 21.38 23.14 23.84 25.17 26.14 27.25
6/21/2011 22.65 22.32 22.38 22.61 22.68 23.4 24.16 23.08 22.12 28.26
6/28/2011| 21.92 22.17 22.2 22.33 22.26 23.4 24.52 24.02 24.03 25.46
7/5/2011 23.32 23.13 23.15 23.79 23.18 25.12 25.8 6.82 27.26 28.12
7/12/2011| 23.58 23.74 23.66 23.58 23.67 26.28 27.33 29.94 29.6 28.2
7/19/2011 24.49 21.87 23.96 23.55 24.28 26.78 27.4927.56 28.27 26.32
7/26/2011| 22.14 22.11 22.06 22.26 23.01 25.51 25.59 26.15 26.41 25.39
8/2/2011 24.42 24.83 28.45 24.03 23.77 26.45 258 792 28.27 25.56
8/9/2011 2431 24.25 25.09 24.02 24.32 24.92 25.1 25.49 25.64 28.1
8/16/2011 18.71 18.21 18.45 18.18 17.98 19.06 19.76 20.67 21.8 23.43
8/23/2011 | 24.27 25.78 28.41 24.9 24.45 24.52 24.16 26.53 27.37 27.37
8/30/2011 23.75 23.45 24.83 23.31 23.4 23.73 23.37 25.1 25.67 27.47
9/6/2011 22.68 22.15 21.88 21.83 21.44 21.61 21.22 20.1 19.83 23.72
9/20/2011 19.11 18.6 18.7 18.53 18.72 18.28 185 2719 18.75 22.71
9/27/2011| 18.65 18.38 18.98 18.85 18.39 19.05 17.97 19.77 21.14
10/4/2011 18.71 17.45 19.68 17.33 16.97 16.95 16.76 17.7 16.92 22.1
10/11/2011f 18.13 17.38 17.2 17.37 17.32 17.65 17.48 18.07 17.42 22.09
10/18/2011 15.16 15.05 14.49 14.82 14.93 14.21 13.61 12.48 1912. 19.05
10/25/2011 15.44 13.72 17 13.73 16.7 13.67 15.99 16.81 17.23 20.71
11/1/2011 12.12 11.58 18.78 12.23 15.27 11.24 14.2514.48 15.49 19.99
11/8/2011| 11.39 9.82 10.92 9.92 10.67 9.91 11.99 10.15 9.86 17.33
11/15/2011f 12.3 11.33 10.4 11.16 12.67 10.63 11.14 12.39 9.84 14.87
11/29/2011 10.04 9.35 9.06 8.01 8.64 6.91 7.3 5.82 5.53 14.75
12/6/2011 7.09 6.31 6.14 5.45 5.62 4.48 4.65 359 .182 8.98
12/21/2011 5.5 7.24 5.18 4.45 4.55 4.4 4.05 3.55 2.83 7.31
12/27/2011f 4.16 3.59 3.48 3.49 3.87 3.02 2.68 3.87 2.48 9.8
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1/3/2012 | 4.71 4.13 4.07 3.82 3.66 3.98 3.57 3.45 1.65 7.57
1/10/2012 9.63 5.36 5.12 5.32 4.45 5.08 4.37 573 .853  6.61
Table F.2. pH, based on a 0-14 scale, collectedngithe HORIBA meter for all sites from
1/7/2011 to 1/10/2012
Date LS AD-7 AD-8 AD-5 AD-6 AD-3 AD-4 AD-1 AD-2 SB
1/7/2011 | 7.61 6.19 7.19 7.09 7.13 7.43 7.34 7.69 7.78 8.45
2/4/2011 75 7.3 7.38 7.46 7.43 7.46 8.1 8.1
3/1/2011 | 7.18 7.16 7.38 7.22 7.21 7.32 7.33 8.3 8.59 8.6
3/17/2011 6.89 7.09 7.18 7.16 7.13 7.42 7.46 7.7 148, 8.5
3/31/2011| 7.04 7.22 7.11 7.12 7.03 6.98 7.05 7.82 8.6 8.58
4/12/2011 6.92 7.02 7.03 7.09 7.07 9.12 9.52 9.7 619. 968
4/26/2011| 6.53 6.39 5.56 6.06 7.22 7.59 7.59 7.75 8.23 8.46
5/12/2011 7.09 7 7.02 7.04 6.87 7.13 7.13 7.51 7.58 8.26
5/17/2011| 7.11 7.04 6.89 7 6.96 7 7.22 7.31 7.65 7.8
5/26/2011 5.46 6.97 7.02 5.62 6.82 7.11 7.23 751 437 964
5/31/2011| 8.08 7.21 6.13 6.41 6.33 7.15 7.22 7.44 7.02 7.97
6/7/2011 7.36 6.62 6.4 6.23 6.2 6.22 6.32 2.43 6.52 6.84
6/14/2011| 6.72 5.87 5.42 5.26 5.17 5.04 5.83 6.09 5.86 6.67
6/21/2011 1.5 1.38 1.92 1.93 1.63 2.57 3.03 269 563. 445
6/28/2011| 7.03 5.86 5.53 5.16 5.36 5.17 5.77 6.33 6.65 6.74
7/5/2011 6.33 5.96 5.38 5.88 5.53 5.88 5.81 5.7 36.6 6.83
7/12/2011| 6.74 6.69 6.48 6.69 6.47 6.71 6.62 7.21 7.12 9.99
7/19/2011 6.49 6.67 6.75 6.68 6.64 7 6.8 7.91 7.36 7.7
7/26/2011| 6.72 6.6 6.63 6.66 6.47 8.36 7.96 8.05 7.62 7.54
8/2/2011 6.6 7.65 7.11 8.31 7.51 6.58 11.1 8.11 070. 6.81
8/9/2011 | 6.42 6.86 7.19 7.78 7.63 7.7 8.02 8.14 8.11 8.82
8/16/2011 8.08 7.21 6.13 6.41 6.33 7.15 7.22 744 027  7.97
8/23/2011| 4.91 4.62 3.54 3.3 3.41 3.55 3.79 3.99 4.16 4.57
8/30/2011 6.66 6.77 6.79 6.91 6.75 6.76 6.79 881 .788 9.3
9/6/2011 | 4.94 5.4 6.26 6.45 6.56 6.62 6.76 6.96 7.05 7.52
9/20/2011 6.78 6.61 6.55 6.37 6.36 6.36 6.41 6.55 .546 7
9/27/2011| 7.44 7.16 6.86 7.06 7.17 7.3 7.1 7.36 7.5
10/4/2011 5.91 6.4 6.59 6.79 6.85 6.96 6.89 706 037. 7.89
10/11/2011| 6.08 6.53 6.69 6.92 6.89 7.03 7 7.19 7.2 8.12
10/18/2011| 5.99 6.48 6.68 6.75 7.27 7.27 7.33 7.54 6.52 8.0
10/25/2011| 5.84 6.43 6 6.79 7.36 7.35 7.59 7.61 7.31 8.06
11/1/2011 6.17 6.56 6.47 6.79 7.3 7.27 7.58 756 247. 811
11/8/2011 | 5.41 6.18 6.31 6.49 6.54 6.66 7.21 7.3 7.15 7.75
11/15/2011] 6 6.53 6.9 6.94 6.9 7.08 7 6.83 7.09 7.6
11/29/2011| 5.61 6.27 6.61 6.81 6.82 6.93 6.92 7.04 7.1 7.87
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12/6/2011 5.47 6.53 676 6.98 7.02 7.08 7.09 718 267. 7.83
12/21/2011| 6.63 5.13 7.39 6.65 6.94 7.23 7.23 7.17 7.23 7.56
12/27/2011| 6.36 6.99 7.11 7.16 7.19 7.17 7.17 7.33 7.47 8.78
1/3/2012 6.63 6.99 7.19 7.26 7.33 7.33 7.34 7.63 7.82 8.45
1/10/2012 5.69 6.37 6.53 6.55 6.7 6.76 6.78 6.9 37.0 7.44
Table F.3. ORP, or oxidation reduction potential, vas measured in millivolts (mV) from
1/7/2011 to 1/10/2012 for all sites using the HORMmeter
Date LS AD-7 AD-8 AD-5 AD-6 AD-3 AD-4 AD-1 AD-2 SB

1/7/2011 285 307 319 327 326 298 283 296 303 285
2/4/2011 281 265 262 259 260 262 243 248
3/1/2011 267 255 232 251 249 247 254 218 166 190
3/17/2011 253 229 224 226 225 215 223 218 229 205
3/31/2011| 255 243 244 242 247 249 263 230 222 223
4/12/2011 251 273 201 208 206 81 65 90 97 10D
4/26/2011| 230 123 165 207 81 140 54 131 201 6
5/12/2011 208 97 -40 54 6 105 -22 68 113 3
5/17/2011| 246 127 -46 44 14 80 14 111 176 44
5/26/2011 265 200 188 229 179 172 181 183 206 146
5/31/2011| 123 -71 18 59 -4 69 -108 67 137 -19
6/7/2011 480 -41 -165 -89 -111 56 -90 -44 83 -21
6/14/2011 170 -8 -142 -45 -89 85 -91 48 134 110
6/21/2011 481 184 20 101 92 200 65 265 271 25[7
6/28/2011 102 -75 -122 -70 -118 126 -29 104 139 84
7/5/2011 113 71 -70 -92 -91 142 6 176 139 31
7/12/2011 | 125 -145 -157 -111 211 31 -101 27 -23 -109
7/19/2011 167 -202 -213 -164 -213 11 69 3 80 77
7/26/2011 -9 -192 -180 -143 -85 -95 -142 -22 38 -47
8/2/2011 208 124 159 -75 -110 -77 -194 -89 -59 157
8/9/2011 239 127 -22 -8 -9 6 42 59 68 64
8/16/2011 123 -71 18 59 -4 69 -108 67 137 -19
8/23/2011| 242 282 313 313 291 273 278 288 294 305
8/30/2011 121 92 18 70 50 75 125 37 45 54
9/6/2011 311 254 136 156 142 162 193 207 213 227
9/20/2011 127 97 59 96 97 121 142 166 180 19p
9/27/2011| 133 134 225 185 184 179 142 172 177
10/4/2011 160 121 63 70 109 120 147 166 199 177
10/11/2011] 101 82 32 71 49 75 125 169 148 118
10/18/2011| 284 229 194 165 86 119 84 104 198 124
10/25/2011| 256 234 246 177 79 119 129 135 148 133
11/1/2011 279 258 218 123 77 132 136 150 152 146
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11/8/2011 | 184 74 47 51 116 105 109 126 125 115
11/15/2011| 78 60 18 3 26 -2 76 155 104 79
11/29/2011 190 92 50 107 40 56 127 139 151 107
12/6/2011 277 154 96 74 51 63 107 129 143 12
12/21/2011] 124 222 109 116 106 110 129 127 142 127
12/27/2011| 278 245 216 182 87 125 157 190 211 153
1/3/2012 248 245 229 157 92 111 142 187 219 200
1/10/2012 280 251 241 231 188 156 171 185 206 21
Table F.4. Conductivity, measured in millisiemens @r centimeter (mS/cm), was collected
using the HORIBA meter for all sites from 1/7/201%0 1/10/2012
Date LS AD-7 AD-8 AD-5 AD-6 AD-3 AD-4 AD-1 AD-2 SB
1/7/12011 1.99 1.96 2.16 2.29 2.56 1.27 1.35 1.15 1.37 1.02
2/4/2011 1.12 0.95 1.05 1.02 1.06 0.99 1.03 1.9
3/1/2011 2.4 2.42 1.33 2.35 2.33 2.98 2.49 2.84 2.85 3.33
3/17/2011 3.24 2.74 3.45 3.63 3.54 3.28 3.46 342 252 276
3/31/2011| 2.8 2.62 2.6 3.29 3.25 4.3 3.84 3.13 1.64 3.58
4/12/2011 3.18 3.27 3.17 34 3.03 3.65 3.41 297 463. 7.09
4/26/2011| 3.82 3.79 2.6 3.7 3.16 3.35 1.53 1.62 2.1 2.89
5/12/2011 3.86 3.26 412 3.43 3.27 5.09 5 3.2 4.09 4.01
5/17/2011| 2.69 4.26 2.84 2.89 3.27 3.67 3.08 3.35 3.9 2.63
5/26/2011 3.38 0.13 0.03 0.05 0.03 0.05 0.02 0.07 .050 6
5/31/2011| 3.4 3.35 1.89 2.8 2.42 4.41 3.79 4.64 3.57 5.29
6/7/2011 2.25 2.44 2.48 2.62 2.42 3.92 3.13 457 214, 213
6/14/2011 | 4.11 4.32 3.35 3.56 3.68 5.47 5.17 3.59 3.79 6.96
6/21/2011 4.32 3.59 4.36 3.62 3.35 5.08 4.71 443 375 105
6/28/2011| 3.53 3.1 2.75 3.3 3.34 3.56 3.15 3.27 3.54 3.01
7/5/2011 9.61 8.8 8.1 7.15 9.08 9.41 9.1 6.13 9.61 7.71
7/12/2011| 3.65 3.01 3.56 3.56 3.62 3.49 34 3.98 3.65 3.45
7/19/2011 4.96 4.6 4.59 4.37 4.41 6.02 6.19 236 166. 0091
7/26/2011 | 5.49 5.15 5.02 5.3 2.42 0 5.88 0 6.17 0.69
8/2/2011 5.79 5.91 0 5.76 5.4 0 4.85 0 6.45 0.8
8/9/2011 | 6.43 6.38 6.31 6.18 6.12 5.39 4.95 5.49 5.28 6.1
8/16/2011 3.4 3.35 1.89 2.8 2.42 4.41 3.79 464 735 529
8/23/2011| 5.57 5.37 3.39 5.35 5.14 5.02 4.98 5.38 5.01 4.48
8/30/2011 5.59 5.33 5.38 5.48 5.46 5.86 5.71 5.67 .625 6
9/6/2011 | 6.53 6.64 6.57 6.54 6.64 6.17 6.37 5.45 5.74 5.17
9/20/2011 6.06 5.96 5.77 5.57 5.5 5.14 5.3 556  45.6 4.89
9/27/2011| 13.4 13.2 6.24 13.2 13.3 12.7 13.1 14.4 18.4
10/4/2011 6.07 6.18 5.93 6.11 5.95 5.94 6.12 557 .325  4.82
10/11/2011| 6.31 6.25 6.5 6.01 5.93 5.23 5.6 5.21 5.06 4.82
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10/18/2011| 5.76 5.72 2.66 5.6 6.55 5.17 6.39 5.21 0 4.7
10/25/2011| 5.21 5.23 0 5.05 7.19 4.91 7.67 5.17 0 5.16
11/1/2011 5.21 4.98 0 5.07 6.32 5.04 5.64 5.19 0 047.
11/8/2011| 5.73 5.66 0 5.27 2.09 4.82 6.23 4.51 0 5.3
11/15/2011| 5.54 4.86 4.84 5.74 2.9 5.12 4.21 2.68 3.32 4.3
11/29/2011| 4.79 4.59 4.84 4.78 4.46 4.4 4.33 4.14 4.11 6.76
12/6/2011 4.14 4.16 4.2 4.1 3.95 3.93 3.98 3.92 340 455
12/21/2011| 3.34 0.008 0.03 0.016 3.24 2.87 3.27 0.058 3.89 3.23
12/27/2011| 3.61 3.62 3.75 3.47 3.25 3.4 3.51 3.49 3.78 3.6
1/3/2012 3.57 3.56 3.56 3.43 3.34 3.06 3.25 3.66 3.7 2.53
1/10/2012 3.18 33 3.41 3.28 3.42 3.46 3.47 3.82 943. 0.907
Table F.5. Turbidity, measured in Nephelometric Tubidity Units (NTU), collected using
the HORIBA meter for all sites from 1/7/2011 to 1/@/2012
Date LS AD-7 AD-8 AD-5 AD-6 AD-3 AD-4 AD-1 AD-2 SB
1/7/12011 24 4 15.3 3.9 2.7 3 4.2 6 6.5 24
2/4/2011 1.4 47.1 19.6 28 323 19.8 15.1 11.
3/1/2011 84.2 116 66.1 67.8 54.2 403 398 178 295 48.8
3/17/2011 53.9 54.4 175 368 188 560 304 494 101 14
3/31/2011| 324 269 216 225 214 315 454 425 97.4 184
4/12/2011 59.1 202 170 715 435 407 248 173 126 31
4/26/2011| 89.1 68.8 448 89.6 478 356 378 504 140 267
5/12/2011 79.4 401 449 434 98.9 272 524 775 368 2
5/17/2011| 255 295 0 208 367 39.6 511 362 401 151
5/26/2011 26.9 253 249 257 208 254 260 259 483 2 48.
5/31/2011| 204 467 496 603 681 115 715 800 800 114
6/7/2011 101 121 214 206 270 275 338 182 130 20
6/14/2011 | 146 108 103 350 69.6 597 570 62.7 448 23.7
6/21/2011 193 391 142 218 295 204 200 606 603 43,
6/28/2011| 105 221 221 172 172 128 307 413 200 148
7/5/2011 145 245 179 321 423 322 578 452 323 13
7/12/2011| 80.5 332 42.2 53.1 225 31.7 91.6 190 345 313
7/19/2011 217 207 800 70 221 7.1 2.4 27.9 7.1 79
7/26/2011| 35.6 93 56.4 194 194 720 225 259 164 94.9
8/2/2011 2.7 182 282 21.2 104 286 23.8 236 61.8 11
8/9/2011 5.2 2.3 20.5 3.2 22.4 1.2 1.1 3.3 25 23.3
8/16/2011 204 467 496 603 681 115 715 800 800 11
8/23/2011| 3.4 23.9 19.1 4.4 9.6 1.5 0.9 0.2 6 40.2
8/30/2011 1.2 2 25 0.1 6.1 33 63.1 2.2 3.4 42,
9/6/2011 1.8 2 58.2 10.1 40.2 2.7 72 3.4 1.9 45.4
9/20/2011 1.6 0.2 1.9 12.6 9.8 2.7 1.1 2.1 35 38
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9/27/2011| 2.9 62.6 23.3 24 8 95.8 60.6 33.9 7
10/4/2011 2.3 3.8 23.4 3.7 10.2 6.7 7.8 7.5 5.4 227
10/11/2011 1.6 7.7 21.1 45 5.1 3 4.2 10.3 7.8 42.6
10/18/2011] 1.6 15.1 199 6.8 10.1 11.8 140 9.5 262 33.6
10/25/2011] 0.8 45 354 8.9 76.3 2.8 69.5 7.1 262 29.3
11/1/2011 0 8.2 268 4.6 24.5 3.1 10.1 380 270 3¢
11/8/2011| 3.7 8 245 73.5 34.6 18 104 14.9 189 34.4
11/15/2011] 5.6 5.4 12.1 20.2 13.9 19 9.3 15 24.4 14.9
11/29/2011) 2.7 2.4 8.3 5 10.2 5.3 10.4 11.2 14.4 14.6
12/6/2011 3.5 4 35 35 18.4 222 6.2 9.3 15.3 374
12/21/2011 9.9 237 355 198 57.1 71.9 163 224 21 88.3
12/27/2011] 83.5 3.2 3.3 5 6.5 81.4 5.7 7.9 12.2 79
1/3/2012 1.2 3.1 3.1 4.8 151 48.3 4.9 7.6 10.7 15.5
1/10/2012 2 2.4 8.6 6.6 6.4 3.1 5.2 10.5 9 225
Table F.6. DO, or dissolved oxygen, was measurednng/L using the HORIBA meter for
all sites from 1/7/2011 to 1/10/2012
Date LS AD-7 AD-8 AD-5 AD-6 AD-3 AD-4 AD-1 AD-2 SB
1/7/2011 | 13.77 5.06 6.1 3 4.12 7.05 6.34 10.61 10.2 13.46
2/4/2011 11.4 12.78 12.21 12.8 11.08 13.9 18.21 2.16
3/1/2011 | 26.49 16.5 16.4 15.94 15.01 16.45 16.11 15.12 17.56 11.77
3/17/2011| 20.92 15.64 12.08 11.17 3.57 11.36 11.48 6.83 9.5 11.08
3/31/2011| 10.65 8.65 8.32 1.73 4.26 6 10.75 10.26 11.41 9.84
4/12/2011| 13.59 6.41 6.32 2.16 11.58 10.73 11.26 7 7. 8.05 6.87
4/26/2011| 13.39 8.47 14.05 11.14 13.57 13.93 14.45 14.16 14.04 12.44
5/12/2011| 11.82 11.29 10.22 10.15 10.25 8.87 945 669 901 8.82
5/17/2011| 14.58 9.98 10.21 7.51 2.8 11.92 14.08 10.43 2.68 5.82
5/26/2011| 10.73 8.57 10.01 6.8 10.33 9.24 10.07 9.7 9.14 4.44
5/31/2011| 9.83 10.31 10.51 10.27 9.92 9.48 9.99 9.18 9.46 7.69
6/7/2011 8.93 457 9.21 6.97 4,57 8.94 8.52 436 224. 6.26
6/14/2011| 8.05 1.32 9.19 4.96 1 9.15 9.07 3.74 7.92 4.36
6/21/2011 8.57 9.54 8.27 8 7.76 9.01 9.17 9.38 9.8 452
6/28/2011 | 15.95 17.99 16.96 12.57 10.16 16.82 15.68 12.96 17.23 15.37
7/5/2011 9.98 9.16 8.62 8.82 5.95 8.03 8.12 722 714, 7.38
7/12/2011| 8.6 7.63 6.9 5.51 6.67 5.56 5.46 4.41 6.52 8.11
7/19/2011 8.21 4.14 7.96 2.81 6.88 8.04 7.84 416 724 509
7/26/2011| 8.54 6.53 7.66 7.34 8.05 7.81 4.35 7.81 4.82 7.64
8/2/2011 6.12 8.45 6.76 8.29 7.42 6.74 7 6.61 6.49 5.24
8/9/2011 6.4 4 6.96 8.01 7.73 4.03 5.77 7.29 7.26 2.92
8/16/2011 9.83 10.13 10.51 10.27 9.92 9.84 9.99 89.1 946 7.69
8/23/2011| 6.6 8.57 8.98 10.22 5.25 5.49 9.35 8.49 8.26 8.97
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8/30/2011 10.4 9.3 8.58 8.83 3.43 6.65 8.41 773 427. 7.28
9/6/2011 6.62 5.93 9.08 4.54 5.44 8.97 4.81 10.01 10.12 5.84
9/20/2011| 12.25 11.33 11.4 9.42 7.07 10.7 10.43 10 6.71 5.41
9/27/2011| 13.4 12.4 6.81 11.74 12.11 115 12.05 6.63 10.44
10/4/2011 | 13.31 6.2 10.73 11.12 10.99 11.18 11.13 0.811 10.98 8.87
10/11/2011| 11.95 10.76 10.94 10.61 5.89 10.23 10.4 10.14 10.53 8.65
10/18/2011| 9.49 10.3 10.78 9.87 10.23 9.49 10.66 11.19 115 587.
10/25/2011| 10.46 12.42 11.21 10.1 7.42 10.69 6.33 9.68 10.14 7.87
11/1/2011| 13.62 13.42 9.7 12.88 11.03 12.42 11.13 0.460 10.72 8.48
11/8/2011 | 10.93 10.81 11.99 10.76 11.12 10.89 9.84 10.94 11.32 6.15
11/15/2011| 15.63 15.16 13.15 11.46 8.55 12.16 10.68 5.62 12.7 9.56
11/29/2011| 14.47 12.38 11.88 12.06 9.95 12.78 12.37 13.05 13.52 7.31
12/6/2011 | 14.82 13.48 13.14 13.17 11.77 12.07 13.26 14.33 15.19 8.92
12/21/2011| 13.65 14.09 13.97 14.21 12.56 9.73 10.04 14.67 13.93 12.47
12/27/2011| 19.83 8.92 13.98 11.55 12.98 14.03 14.21 13.73 9.07 11.74
1/3/2012 | 11.51 11.58 12.98 11.73 12.38 12.53 13.39 13.51 14.99 11.89
1/10/2012 | 15.83 17.85 15.87 14.58 13.12 10.38 14.3113.29 14.41 12.01
Table F.7. TDS, or total dissolved solids, was maa®d in g/L for all sites from 1/7/2011 to
1/10/2012 using the HORIBA meter
Date LS AD-7 AD-8 AD-5 AD-6 AD-3 AD-4 AD-1 AD-2 SB
1/7/2011 1.27 1.25 1.33 1.47 1.64 0.812 0.667 0.966 0.88 0.652
2/4/2011 0.718 0.611 0.67 0.653 0.677 0.633 0.658 0.644
3/1/2011 1.43 1.2 0.8 1.47 1.48 1.92 1.72 1.53 1.97 2.14
3/17/2011 2.07 1.75 2.19 2.32 2.27 2.08 2.22 219 461 1.77
3/31/2011| 1.79 1.7 1.67 21 2.13 2.75 2.47 2.06 1.03 2.38
4/12/2011 2.03 2.09 2.05 2.19 1.92 2.3 2.18 191 2 2. 447
4/26/2011 | 2.44 2.43 1.56 2.34 1.95 2.13 0.978 0.955 1.24 1.79
5/12/2011 2.47 2.06 2.63 2.16 2.09 3.2 3.18 1.94 622. 254
5/17/2011| 1.71 2.73 1.78 1.9 2.14 2.31 1.97 2.2 25 1.76
5/26/2011 2.1 0.085 0.021 0.032 0.016 0.03 0.01 49.0 0.033 3.78
5/31/2011| 2.16 2.11 1.11 1.69 1.44 2.82 2.42 2.96 2.15 3.33
6/7/2011 1.43 1.55 1.58 1.68 1.55 25 2 2.93 268 .351
6/14/2011| 2.63 2.76 2.14 2.27 2.35 3.45 3.25 2.3 2.86 4.38
6/21/2011 2.69 2.16 2.75 2.23 2 3.19 3 2.64 3.36 516.
6/28/2011 | 2.26 1.98 1.74 2.09 2.13 2.26 2.01 2.08 2.26 1.89
7/5/2011 6.04 5.5 5.1 4.5 5.73 5.91 5.73 3.64 5.98 4.9
7/12/2011 | 2.33 1.93 2.28 2.27 2.32 2.23 2.18 2.55 2.34 2.07
7/19/2011 3.17 2.93 2.93 2.79 2.83 3.74 3.9 151 883. 0.584
7/26/2011 | 3.46 3.24 3.16 3.34 1.39 0 3.7 0 3.89 0.441
8/2/2011 3.65 3.73 0 3.63 3.4 0 3.1 0 4.06 0.51
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8/9/2011
8/16/2011
8/23/2011
8/30/2011

9/6/2011
9/20/2011
9/27/2011
10/4/2011

10/11/2011
10/18/2011
10/25/2011
11/1/2011
11/8/2011
11/15/2011
11/29/2011
12/6/2011
12/21/2011
12/27/2011

1/3/2012

1/10/2012

4.05
2.16
3.51
3.52
411
3.82
8.34
3.82
3.97
3.63
3.28
3.28
3.6
3.48
3.06
2.64
2.1
231
2.29
2.03

4.02
2.11
3.38
3.36
4.18
3.75
8.19
3.89
3.94
3.61
3.29
3.18
3.56
3.11
2.94
2.66
0.004
2.32
2.28
2.11

3.98
1.11
2.17
3.39
414
3.64
3.93
3.74
4.09

3.1
2.69
0.018
2.4
2.28
2.18

3.89
1.69
3.37
3.45
4.12
3.51
8.18
3.85
3.79
3.53
3.17
3.19
3.31
3.61
3.06
2.63
0.01
2.22
2.2
2.09

3.86
1.44
3.24
3.44
4.18
3.46
8.27
3.75
3.74
4.13
4.53
3.98
1.33
1.86
2.85
2.52
2.03
2.08
2.14
2.19

3.39
2.82
3.17
3.69
3.89
3.23
7.86
3.74
3.3
3.26
3.14
3.18
3.09
3.22
2.82
251
1.74
2.17
1.96
2.21

3.17
2.42
3.18
3.59
4.01
3.34
8.14
3.85
3.53
4.03
4.83
3.56
3.92
2.7
2.77
2.55
2.08
2.25
2.08
2.22

3.46
2.96
3.39
357
3.43
3.5

3.51
3.28
3.28
3.26
3.27
2.89
1.71
2.65
251
0.034
2.23
2.35
2.44

2.12
2.63
.58 2
241
2.42
2.37
52 2

3.84
3.33
2.87
3.78
3.26
3.13
11.4
3.09
3.08
3.0b
3.26
44 4.
3.35
2.8
4.28
291
1.91
2.36
1.62
0.581

Table F.8. Salinity, measured in parts per trillion(ppt), was measured for all sites using the
HORIBA meter from 1/7/2011 to 1/10/2012

Date LS AD-7 AD-8 AD-5 AD-6 AD-3 AD-4 AD-1 AD-2 SB
1/7/2011 1 1 11 1.2 1.3 0.6 0.7 0.7 0.7 0.4
2/4/2011 0.5 0.4 0.5 0.5 0.5 0.5 0.5 0.5
3/1/2011 11 0.9 0.6 11 11 1.5 1.3 1.2 1.6 1.7
3/17/2011 1.7 14 1.8 1.9 1.8 1.7 1.8 1.6 1.2 1%
3/31/2011 1.4 1.3 1.3 1.7 1.7 2.2 2 1.6 0.8 1.8
4/12/2011 1.7 1.7 1.7 1.8 1.6 1.9 1.8 15 1.8 3.7
4/26/2011 2.8 2 1.3 2 1.6 1.7 0.8 0.8 1 1.4
5/12/2011 2 1.7 2.2 1.8 1.7 2.7 2.7 1.7 2.2 2.]
5/17/2011 1.4 2.3 1.5 1.5 1.7 1.9 1.6 1.8 2 1.3
5/26/2011 1.8 0.1 0 0 0 0 0 0 0 3.3
5/31/2011 1.9 1.8 0.9 1.4 1.2 2.3 2 2.5 1.8 2.8
6/7/2011 1.2 13 13 1.4 1.3 21 1.6 2.4 2.2 1.1
6/14/2011 2.2 2.3 1.8 1.9 1.9 2.9 2.8 1.9 2 3.8
6/21/2011 2.3 1.9 2.3 1.9 1.7 2.7 2.7 2.5 2.4 2.9
6/28/2011 1.9 1.6 1.4 1.7 1.8 1.9 1.6 1.7 1.9 1.5
7/5/2011 5.5 5 4.5 4 51 53 51 3.3 5.3 4.2
7/12/2011 1.9 1.6 1.9 1.9 1.9 1.8 1.8 2.1 1.9 1.8
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7/19/2011 2.7 2.5 2.4 2.3 2.4 3.2 3.4 1.2 3.3 0.4
7/26/2011 3 2.8 2.7 2.9 1.2 0 3.2 0 3.4 0.3
8/2/2011 3.1 3.2 0 3.1 2.9 0 2.6 0 3.5 0.4
8/9/2011 3.5 3.5 3.4 3.4 3.3 2.9 2.6 3 2.8 3.3
8/16/2011 1.9 1.8 0.9 14 1.2 2.3 2 25 1.8 2.8
8/23/2011 3 2.9 1.8 2.9 2.8 2.7 2.7 2.9 2.7 2.4
8/30/2011 3 29 29 3 2.9 3.2 3.1 3.1 3 3.2
9/6/2011 3.6 3.6 3.6 3.6 3.6 3.4 3.5 2.9 3.1 2.8
9/20/2011 3.3 3.2 3.2 3 3 2.8 2.9 3 3 2.6
9/27/2011 7.7 7.6 3.4 7.6 7.7 7.2 7.5 8.3 10.9
10/4/2011 3.3 3.4 3.2 3.3 3.3 3.3 3.3 3 29 2.6
10/11/2011 3.4 3.4 3.6 3.3 3.2 2.8 3 2.8 2.7 2.6
10/18/2011 3.1 3.1 1.4 3 3.5 2.8 3.4 2.8 0 25
10/25/2011 2.8 2.8 0 2.7 3.9 2.6 4.2 2.8 0 2.7
11/1/2011 2.8 2.7 0 2.8 3.4 2.7 3 2.8 0 3.8
11/8/2011 3.1 3.1 0 2.8 11 2.6 3.4 2.4 0 2.8
11/15/2011 3 2.6 2.6 3.1 15 2.8 2.2 14 1.7 2.3
11/29/2011 2.5 2.4 2.6 2.5 2.3 2.3 2.3 2.2 2.1 3.5
12/6/2011 2.2 2.2 2.2 2.1 2 2 2 2 2 2.4
12/21/2011 1.8 0 0 0 1.6 1.4 1.6 0 2 1.5
12/27/2011 1.8 1.8 1.9 1.7 1.6 1.7 1.8 1.8 1.9 1.9
1/3/2012 1.8 1.8 1.8 1.7 1.7 1.5 1.6 1.8 1.8 1.3
1/10/2012 1.6 1.7 1.7 1.7 1.7 1.8 1.8 2 2 0.4

Water Quality Measurement Results

Temperature

Temperature is an important factor to measuredonstructed wetland, because it is a
highly fluctuating and important abiotic factoremperature itself is “highly variable over daily,
seasonal, and latitudinal gradients” (Kadlec antgKin1996); therefore, temperature is typically
measured to determine the potential thermal cardaf water leaving the constructed wetland
into receiving waters, which might be temperat@esgive (Kadlec and Knight 1996). For the
CWTS located at JEC, temperature was measurediatllORIBA meter in degrees Celsius
(°C). The following figures (Figure F.1-F.7) shohe relationship between temperature and one
of the seven main pollutants to determine if theas a relationship between these two values in
order to eliminate using the HORIBA meter and/@& water sampling, and simply use one to
determine the other. All the figures represemtre frame from 1/7/2011, when the HORIBA
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meter was first run at the CWTS, until 1/10/2012whhe HORIBA meter was last used at the
CWTS.

Temperature vs. Boron
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Figure F.1. Temperature (°C) plotted against effluat boron concentrations (mg/L) from
1/7/2011 to 1/10/2012

From Figure F.1, temperature was plotted agaesetfluent boron concentrations in
grams from 1/7/2011 to 1/10/2012. A linear treiné Wwas used to determine if there was a
strong correlation between temperature and borowgkier, the coefficient of determinatior?, R
is 0.4073 or 40.73%. The’Retermines the linear correlation between plotgatifies in which
the closer the Rvalue is to 1, the more accurate and/or less vegizhe values have from the
line. Typically, to have a strong coefficient atdrmination, the value needs to be closer to 1,
however, because theé Rr temperature vs. boron is less than 50%, shgtiare is not a strong

relationship between these two values.
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Temperature vs. Manganese
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Figure F.2. Temperature (°C) plotted versus effluenmanganese concentrations (mg/L)
from 1/7/2011 to 1/10/2012

Temperature was also plotted against the efflm@rganese concentrations, in grams,
from 1/7/2011 to 1/10/2012 which can be seen imnféd-.2. A linear trend line is shown within
this figure to determine how strong of a correlatibere is, if any, between temperature and
manganese. Between manganese and boron, thenggisea correlation between temperature
and the effluent manganese concentration compareteffluent boron concentrations. The R
for temperature vs. manganese is about 46%; how&6®t is not a strong enough relationship

between these two values.
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. Temperature vs. Mercury
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Figure F.3. Temperature ("C) plotted against effluat mercury concentrations (mg/L) from
1/7/2011 to 1/10/2012

In Figure F.3, temperature was plotted againstorgreffluent concentrations with a
time frame from 1/7/2011 to 1/10/2012. Mercuryefhts concentrations were typically zero;
therefore, when comparing mercury effluent conegitns to temperature, the values all show
up on the zero line. The’Rorrelation between these two values is less t8anwhich is due to
no mercury leaving the CWTS; therefore, there ismwelation to the temperature of the water

leaving the CWTS and the effluent mercury conceiains.
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Temperature vs. Selenium
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Figure F.4. Temperature ("C) plotted against effluat selenium concentrations (mg/L) from
1/7/2011 to 1/10/2012

Temperature values were plotted against effluelensum concentrations from 1/7/2011
to 1/10/2012 found in Figure F.4. The linear tréind is shown within the figure and it's
relatively horizontal; therefore, a horizontal dime depicts little to no correlation between the
two values being compared. For temperature amhgeetf selenium concentrations, the\Rlue
is less than 1%, almost 0%. Because of this SRfatblue, there is not a strong relationship
between temperature and selenium; therefore, ckandemperature cannot be accounted for by

changes in effluent selenium concentrations anel versa.
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Temperature vs. Chloride
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Figure F.5. Temperature (°C) plotted against effluat chloride concentrations (mg/L) from
1/7/2011 to 1/10/2012

Temperature determined by the HORIBA meter watqrdoagainst chloride effluent
concentrations from 1/7/2011 to 1/10/2012 in Figeu® The Rvalue for temperature vs.
chloride is 0.3195 or about 32%. Temperature dhakicle do not have a strong relationship

between these two values based on the smalaRe.
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- Temperature vs. Fluoride
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Figure F.6. Temperature (°C) plotted against effluat fluoride concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.6 displays temperature plotted agairesetfiuent fluoride concentrations from
1/7/2011 to 1/10/2012. The’Ralue for temperature versus fluoride effluentazrtrations is
about 6%, which does not represent a strong relstiip between these two values.
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Temperature vs. Sulfate
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Figure F.7. Temperature ("C) plotted against effluat sulfate concentrations (mg/L) from
1/7/2011 to 1/10/2012

Temperature was plotted against effluent sulfatecentrations from 1/7/2011 to
1/10/2012, which is displayed in Figure F.7. Santio some of other figures like temperature
versus boron and manganese, the linear trenddimghis figure has positive sloped line;
however, the trend line represents &va&ue of 40%. Due to the smalf Ralue, there is not a

strong relationship between temperature and sulfate

All the temperature values from 1/7/2011 to 1/00/2 from the LS location on the
CWTS at JEC were plotted with one of the seven mallutants tested for to determine if there
was a strong relationship between one anotherderdo save money on the project. For
temperature, boron, manganese, and sulfate hatidve 40%, compared to the other five
pollutants that averaged af fRalue below 30%. However, thesé\Rilues are not high enough

to justify a relationship between temperature apitlant concentration.
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pH

The pH of the wetland system reflects the amouihtydfogen ions present and can
influence many difference chemical and biochempcatesses within the water. Typically,
clean natural waters have a pH range of 4.5 t@i&eh by the equilibrium between free and
bonded C@ therefore, the pH can be affected by “humic samsts, a higher content of cations
easily undergoing hydrolosis, a higher contentyafrbgen sulfide and its ionic forms, and a
higher content of phosphates, etc.” (Tolgyessy 1983\ increase in water pH above 8.3 is
caused by waters containing €or OH ions or organic bases, while a decrease in water p
below 4.5 is caused by free inorganic and orgariasa(Tolgyessy 1993).

The pH of water can also be influenced throughdgjimlal processes present within the
wetland system such as biological nitrificationuridg biological nitrification, hydrogen ions
are released, reacting with hydrogen carbonategptdo release free G@nd water pH
decreases consequently (Tolgyessy 1993). Likewipé] increases, biological denitrification
or the reduction of sulfates could be occurringl§gyéssy 1993). Along with sulfate
concentrations, calcium content is strongly coteglavith pH; therefore, by understanding these
concepts this, the following figures (Figure F.84).were plotted comparing pH versus one of
the seven main pollutants tested for.
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pH vs. Boron
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Figure F.8. The pH (0-14 scale) plotted against édient boron concentrations (mg/L) from
1/7/2011 to 1/10/2012

From Figure F.8, pH was plotted against the efftumron concentrations from 1/7/2011
to 1/10/2012. The linear trend line found in thigire has a negative slope and represents’an R
value of about 8%. With such a smafl\Rilue, there was not a strong relationship betvpéén

and the amount of boron leaving the CWTS.
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pH vs. Manganese
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Figure F.9. The pH (0-14 scale) plotted versus efitnt manganese concentrations (mg/L)
from 1/7/2011 to 1/10/2012

The pH taken by the HORIBA meter was also plotgdinst the effluent manganese
concentrations from 1/7/2011 to 1/10/2012, whicls wisplayed in Figure F.9. Similar to the
pH vs. boron figure discussed above, pH versus ara®g also has a negative sloping linear
trend line with an Rvalue of 2%. The Rvalue is too low to represent a strong relatiomshi
between pH and effluent manganese concentratidfihh manganese, it is typically present in
surface waters as Mn (IV), but if wetland condigdrave low redox potentials (ORP) and low
pH, manganese is present as Mn (Il) (Kadlec an@rii996); therefore, depending on what
manganese ion was tested for by CAS, lower pH gakmuld should more Mn (lI) ions present

in the effluent manganese concentrations.
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pH vs. Mercury
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Figure F.10. The pH (0-14 scale) plotted versus &fént mercury concentrations (mg/L)
from 1/7/2011 to 1/10/2012

The pH was plotted against the effluent mercumceatrations in Figure F.10 from
1/7/2011 to 1/10/2012. Similar to the figure femperature versus mercury, effluent mercury
concentrations were often zero; therefore, thealiieend line does not vary that much, but does
have a slightly negative slope. Th&Rilue for this figure is less than 1%, representio

relationship between pH and effluent mercury cotregions.
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pH vs. Selenium
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Figure F.11. The pH (0-14 scale) plotted againstfefent selenium concentrations (mg/L)
from 1/7/2011 to 1/10/2012

From Figure F.11, pH was plotted against the efftiselenium concentrations from
1/7/2011 to 1/10/2012. The linear trend line digeld on the graph has a slight positive slope,
but is ultimately horizontal relative to the poinfshe R value between pH and effluent
selenium concentrations are also less than 1% ag ofdhe other figures discussed before;

therefore, there is no relationship between pHedfident selenium concentrations.
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pH vs. Chloride
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Figure F.12. The pH (0-14 scale) plotted versus &fént chloride concentrations (mg/L)
from 1/7/2011 to 1/10/2012

The pH taken by the HORIBA meter was plotted asfdiine effluent chloride
concentrations in Figure F.12 from 1/7/2011 to 120Q2 to determine a relationship between
these two values. The linear trend line presertherfigure has a strong negative slope to it and
represents an¥value of about 3%. Despite the strong negatiopesbn the trend line, theR
value is too low to represent a strong relationgt@fween pH and effluent chloride

concentrations.
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pH vs. Fluoride
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Figure F.13. The pH (0-14 scale) plotted againstfefent fluoride concentrations (mg/L)
from 1/7/2011 to 1/10/2012

The pH was plotted against effluent fluoride corications from 1/7/2011 to 1/10/2012
in Figure F.13. These two values create a lineatline with a slight negative slope and &n R
value of about 3%. Similar to pH and chloride, Bfevalue is not high enough to represent a

strong correlation between pH and fluoride.
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pH vs. Sulfate
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Figure F.14. The pH (0-14 scale) plotted againstfefent sulfate concentrations (mg/L) from
1/7/2011 to 1/10/2012

In Figure F.14, pH was plotted against the efftugrfate concentrations from 1/7/2011
to 1/10/2012. Similar to the past two figures, lihear trend line found on Figure F.14 has a
moderate negative slope, with ah\Rlue of about 3%. With this weak Ralue, there is not a
strong relationship between pH and the effluerfiaseliconcentrations. As stated before,
typically pH increases as a result of the reductibsulfates; however, this relationship did not
occur here due to several possible reasons. Tuetien of sulfates could mean two
possibilities: (1) sulfates reducing to sulfide(®y lower amount of sulfate are present. If pH
increases based on sulfates changing to sulfidgewbuld not be present on this graph, because
it represents sulfate, not sulfide; however, if édm@mounts of sulfate result in higher pH values,
then the graph does not represent that theoryiljpppskie to the pH levels staying constant
between 6 and 8. The relationship between pH alats also could have been jeopardized by

precipitation, adding more sulfates to the CWTS$8langing the water pH.
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ORP

Oxidation reduction potential, or ORP, was measusedg the HORIBA meter for the
CWTS located at JEC, and was compared to the gmikrants being tested for to determine a
relationship between any of these two values. @RPmeasure of electric potential of free
oxygen within the soil, which is determined usingtandard platinum electrode and the
concentration of oxygen in the soil. If the ORRjisater than 300 mV, the system is termed
aerobic, because dissolved oxygen is availablegliewy if the ORP is less than -100 mV, the
system is anaerobic, because there is no dissokygen (Kadlec and Knight 1996). Typically,
“oxidation-reduction potentials are used in theicedtstudies for checking the iron and
manganese removal...however, this quantity is noelyidsed in practice particularly because
of the difficulties over its accurate measuremémtilgyessy 1993). Therefore, ORP was plotted
against each of the seven pollutants tested ftirarCWTS to determine any relationships

between one another, if any.

ORP vs. Boron
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Figure F.15. ORP (mV) plotted versus effluent bororconcentrations (mg/L) from 1/7/2011

to 1/10/2012

134



ORP was plotted against the effluent boron comaéans from 1/7/2011 to 1/10/2012 in
Figure F.15. Similar to other figures discusshkd,linear trend line located on this graph is
relatively horizontal with a small negative slopehe R value between ORP and effluent boron
concentrations is 8%; therefore, effluent boroncemtrations have no effect on ORP and vice

versa.
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Figure F.16. ORP (mV) plotted against effluent mangnese concentrations (mg/L) from
1/7/2011 to 1/10/2012

Effluent manganese concentrations were also plaitainst ORP from 1/7/2011 to
1/10/2012 in Figure F.16. Compared to the figureve, the linear trend line present on this
figure has a greater negative slope to it, allowirig have a greater’Ralue of about 25%;
however, even though there is about a 15% incrieaseeffluent boron concentrations to
effluent manganese concentrations compared to @RM¥ value is not high enough to
represent a high relationship between these tworfsc The effluent concentrations of
manganese do not and are not affected by ORP; lesytine chemical transformations of
protons and electrons of manganese are affect€@R#. According to Kadlec and Knight, in
positive ORP environments, or aerobic, manganicgaaese (Mft) is reduced to manganous
manganese (MA); therefore, the amount of electrons presentémtianganese ion determines
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the ORP values, not the concentration of mangaeaseng the CWTS. Despite the use of
oxidation-reduction potentials to determine the ant@f manganese removal, it is not often

used to due to its inaccuracy, which can be showm this figure.
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Figure F.17. ORP (mV) plotted versus effluent mercry concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.17 represents ORP versus effluent memamgentrations from 1/7/2011 to
1/10/2012. Surprisingly, the linear trend lineregented in this figure has a positive sloping
line. The R value between these two factors is about 1%, wisiclot a strong correlation;
therefore, ORP is not affected by effluent meraogcentrations and vice versa.
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ORP vs. Selenium
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Figure F.18. ORP (mV) plotted versus effluent seleam concentrations (mg/L) from

1/7/2011 to 1/10/2012

Effluent selenium concentrations were plotted uei®RP for the CWTS from 1/7/2011

to 1/10/2012 in Figure F.18. The linear trend hvighin this figure has a minimal negative

slope, but practically parallel with the pointsheTR value is less than 1%, almost 0%, which

shows that there is no relationship between tHaerft selenium concentrations and ORP.
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ORP vs. Chloride
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Figure F.19. ORP (mV) plotted against effluent chlode concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.19 shows ORP versus effluent chlorideceatrations from 1/7/2011 to
1/10/2012. The linear trend line located on tigsife has a negative slope, with anvlue of
about 22%; therefore, the effluent chloride conrins and ORP do not have a strong

correlation.
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ORP vs. Fluoride
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Figure F.20. ORP (mV) plotted versus effluent fluoide concentrations (mg/L) from
1/7/2011 to 1/10/2012

ORP was plotted against effluent fluoride concaidns in Figure F.20 from 1/7/2011 to
1/10/2012. The linear trend line has a slight tiggalope, but is practically horizontal. Thé R
value between ORP and effluent fluoride concemnatis less than 1%; therefore, these two

factors do not have a strong correlation betweeh ether.
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ORP vs. Sulfate
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Figure F.21. ORP (mV) plotted versus effluent sulfie concentrations (mg/L) from 1/7/2011
to 1/10/2012

ORP was plotted against effluent sulfate concénotra from 1/7/2011 to 1/10/2012 in
Figure F.21. The linear trend line has a negatiope and has ar’Ralue of about 20%;
therefore, effluent sulfate concentrations and @BMPot have a strong correlation. According
to Kadlec and Knight, sulfates are reduced to dedfiin anaerobic conditions, which are
conditions with an ORP of less than -100 mV; howethas figure does not show a good
representation of this theory. At aerobic condisicthere are varying sulfate concentrations,
even some very low sulfate concentrations at highieP values; therefore, this CWTS located

at JEC did not represent a strong relationship éetORP and effluent sulfate concentrations.
Conductivity

Conductivity, also known as electrical conductivetyspecific conductance, was
measured using the HORIBA meter by determining‘teeiprocal of the resistance between two
platinum electrodes 1 cm apart and with a surfaea af 1 cfi’, according to Kadlec and

Knight. The electrical conductivity is representgdthe reciprocal of resistance and is
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represented a “function of the total quantity afimed materials in a surface water sample”
(Kadlec and Knight 1996). Kadlec and Knight staspecific conductance is proportional to the
total dissolved solids or salinity in many surfacaters and is a convenient measure of the salt
content of wastewaters”; however, Kadlec and Knadbo state that specific conductance is
altered by biological and physical environmentalditons, especially in wetlands, and is
typically an “inaccurate indicator of dilution asdncentration effects by rainfall, runoff, and
evapotranspiration in wetland treatment systeni¥spite this knowledge, Figures F.22 thru
F.28 represents conductivity and each of the speélatants of concern to determine a

correlation between these two values.
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Figure F.22. Conductivity (mS/cm) plotted versus diuent boron concentrations (mg/L)
from 1/7/2011 to 1/10/2012

Conductivity was plotted against effluent boromoentrations in Figure F.22 from
1/7/2011 to 1/10/2012. From this figure, the lintkand line present has a positive slope with an
R? value of about 41%; therefore, effluent boron @mations and conductivity have a slight
relationship, but not strong enough to use condiiigtas a measurement of boron

concentrations.
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Conductivity vs. Manganese
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Figure F.23. Conductivity (mS/cm) plotted against #luent manganese concentrations
(mg/L) from 1/7/2011 to 1/10/2012

Effluent manganese concentrations were plottethageonductivity in Figure F.23 from
1/7/2011 to 1/10/2012. Despite the previous figthre linear trend line located in Figure F.23
has a much greater positive slope compared tortbesloown for conductivity versus effluent
boron concentrations. Also, thé Ralue of this figure is around 41%, which is ofi¢che
highest correlations seen throughout all the figymeevious discussed; however, 41% is not a
strong enough correlation between conductivity effident manganese concentrations to state
the two values have a good relationship. Deshitddw R value, the figure depicts a minimal
relationship between conductivity and effluent mamgse concentrations in which the lower the
conductivity the lower the effluent manganese catragions, but this the Rralue is still too

low to determine this kind of relationship.
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Conductivity vs. Mercury
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Figure F.24. Conductivity (mS/cm) plotted against #uent mercury concentrations (mg/L)
from 1/7/2011 to 1/10/2012

Figure F.24 represents conductivity plotted agatms effluent mercury concentrations
from 1/7/2011 to 1/10/2012. Similar to other figsmwith effluent mercury concentrations, the
linear trend line has a very small slope along witielatively low R value of less than 1%.
Because of this low Rvalue, conductivity and effluent mercury concetitrzs do not have a

strong correlation between each other.
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Conductivity vs. Selenium
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Figure F.25. Conductivity (mS/cm) plotted against #luent selenium concentrations (mg/L)
from 1/7/2011 to 1/10/2012

Figure F.25 shows conductivity versus effluenesglm concentrations from 1/7/2011 to
1/10/2012. The linear trend line has a slight iasislope, but still has a smalf Ralue of less
than 1%; therefore, conductivity and effluent selenconcentrations do not have a strong

relationship between each other.
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Conductivity vs. Chloride
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Figure F.26. Conductivity (mS/cm) plotted versus duent chloride concentrations (mg/L)
from 1/7/2011 to 1/10/2012

Conductivity was plotted against the effluent clde concentrations from 1/7/2011 to
1/10/2012 shown in Figure F.26. The linear trend Is has a high positive slope, but still have
a low R value of only about 41%; therefore, conductivityl@ffluent chloride concentrations
do not have a good relationship. Conductivity $tidne effected more by chloride

concentrations, because conductivity is dependehtride concentrations.
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Conductivity vs. Fluoride
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Figure F.27. Conductivity (mS/cm) plotted versus duent fluoride concentrations (mg/L)
from 1/7/2011 to 1/10/2012

Figure F.27 represents conductivity against efftdkioride concentrations from
1/7/2011 to 1/10/2012. The linear trend line ledabn this figure has a positive slope and has a
small R value of about 5%. The smalf Ralue determines that there is no relationshipréen

conductivity and the effluent fluoride concentrato
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Conductivity vs. Sulfate
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Figure F.28. Conductivity (mS/cm) plotted against #luent sulfate concentrations (mg/L)
from 1/7/2011 to 1/10/2012

Conductivity was plotted versus the effluent sigfeoncentrations in Figure F.28 from
1/7/2011 to 1/10/2012. The linear trend line pnése this figure has a positive slope with @ R
value of 45%; therefore, the conductivity and effiusulfate concentrations do not have strong
relationship towards each other. Overall, nongefpollutants from this section have a strong
correlation between conductivity; therefore, cortity and effluent concentrations of the
seven pollutants should not be used to determipeaanther. The relationship between
chloride concentration and conductivity should hagen stronger than observed, because
conductivity is dependent on chloride concentratidrowever, only a 41%°Ralue was
determined between these two variables. On ther didind, conductivity is proportional to the
amount of TDS and/or salinity within waters andIddoe used to determine one of these factors

and/or vice versa.
Turbidity

Turbidity was one of the eight water quality dateasurements taken by the HORIBA
meter for the CWTS at JEC. According to waterttresmt solutions Lenntech, turbidity is a
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measure of the degree to which the water losdsaitisparency due to the presence of suspend
particles. There are several factors that infleemaw turbid the water is including:
phytoplankton, sediments from erosion, resuspesddanents from the bottom, waste
discharge, algae growth, and urban runoff. Allesepollutants were plotted against turbidity to
determine a correlation between these two valu€sguares F.29 thru F.35; however, it is more
than likely that for each figure there will be narielation between pollutant concentration and

turbidity, because turbidity is effected by suspahdolids, not concentration of pollutants.
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Figure F.29. Turbidity (NTU) plotted against effluent boron concentrations (mg/L) from
1/7/2011 to 1/10/2012

First, turbidity was plotted against effluent bomoncentrations from 1/7/2011 to
1/10/2012 in Figure F.29. The linear trend linegemt in this figure has a negative slope and a
small R value of about 10%:; therefore, there was notanstrelationship between turbidity and

the effluent boron concentrations.
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Turbidity vs. Manganese
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Figure F.30. Turbidity (NTU) plotted against effluent manganese concentrations (mg/L)
from 1/7/2011 to 1/10/2012

Turbidity was also plotted against the effluenigenese concentrations from 1/7/2011
to 1/10/2012 in Figure F.30. Similar to the figat@ove, the linear trend line in this figure also
has a negative slope with a relatively smalvRlue of 5%. Despite the 4% increase in the R
value for manganese, turbidity and effluent mangarmm®ncentrations do not have a strong

correlation between each other.
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Turbidity vs. Mercury
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Figure F.31. Turbidity (NTU) plotted against effluent mercury concentrations (mg/L) from
1/7/2011 to 1/10/2012

Turbidity was plotted against the effluent mercaoycentrations in Figure F.31 from
1/7/2011 to 1/10/2012. Although it is difficult se, the linear trend line present on this figure
has a slight negative slope to it and &nv&ue of about 2%:; therefore, turbidity and effitie

mercury concentrations do not have a strong cdioelbetween each other.
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Turbidity vs. Selenium
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Figure F.32. Turbidity (NTU) plotted against effluent selenium concentrations (mg/L)
1/7/2011 to 1/10/2012

In Figure F.32, turbidity was plotted versus edfiti selenium concentrations from
1/7/2011 to 1/10/2012. The linear trend line hasimmal positive slope to it, but is relatively
horizontal with an Rvalue of less than 1%. Due to a smalMalue, turbidity and effluent

selenium concentrations do not have a strong oglstiip between each other.
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Turbidity vs. Chloride
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Figure F.33. Turbidity (NTU) plotted against effluent chloride concentrations (mg/L)
1/7/2011 to 1/10/2012

Turbidity and effluent chloride concentrations e@totted against one another in Figure
F.33 from 1/7/2011 to 1/10/2012. The linear trénd located on the figure has a negative slope
and an Rvalue of about 11%; therefore, there is not ansfreorrelation between turbidity and

effluent chloride concentrations.
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Turbidity vs. Fluoride
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Figure F.34. Turbidity (NTU) plotted against effluent fluoride concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.34 shows turbidity versus effluent flagriconcentrations from 1/7/2011 to
1/10/2012. The linear trend line located on there has a slight negative slope with &n R
value of about 15%, which is the highe$tRlue seen for turbidity versus any other polltitan
however, the Rvalue is still too low for turbidity and effluefitioride concentrations to have a

strong correlation.
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Turbidity vs. Sulfate
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Figure F.35. Turbidity (NTU) plotted against effluent sulfate concentrations (mg/L) from
1/7/2011 to 1/10/2012

Turbidity was plotted against effluent sulfate centrations in Figure F.35 from 1/7/2011
to 1/10/2012. The linear trend line present hasgative slope with an’Ralue of about 10%;
therefore, there is no strong relationship betweendity and effluent sulfate concentrations.
As stated above, turbidity is reliant on the amafrauspended solids are present within the
water; therefore, if there is a high amount of susled solids, the turbidity should be higher.
Turbidity is not dependent on concentrations of pojutant, which can be seen in the figures
discussed above. Effluent fluoride concentratioad the strongest relationship out of the other
seven pollutants discussed between itself anddityat about a 7% relationship; however, this
R? value is not large enough to state turbidity affident fluoride concentrations depend on

each other.
DO

Dissolved oxygen, or DO, is responsible for deteing the oxidation potential in the
water, ranging “from zero to more than twice thedietical solubility in response to many
ecosystem variables” (Kadlec and Knight 1996). é&@nges amounts within wetland
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ecosystems, with higher DO at the air water intaxfand lower DO at the sediment-water
interface (Kadlec and Knight 1996). DO typicalhgieases to very high levels due to algal
processes occurring during bloom conditions dyghtmtosynthetic production, but DO is
typically not depended on the concentration ofygalits. Figures F.36 thru F.42 represent DO
plotted against each of the seven pollutants tdsteid the CWTS at JEC.
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Figure F.36. DO (mg/L) plotted against effluent boon concentrations (mg/L) from 1/7/2011
to 1/10/2012

Figure F.36 represents DO versus the effluentrboamcentrations from 1/7/2011 to
1/10/2012. The linear trend line represented ergtiaphs has a strong negative slope withan R
value of about 22%; therefore, DO and effluent baroncentrations do not have a strong

relationship towards each other.
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DO vs. Manganese
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Figure F.37. DO (mg/L) plotted versus effluent mangnese concentrations (mg/L) from
1/7/2011 to 1/10/2012

DO was plotted against the effluent manganeseesurations in Figure F.37 from
1/7/2011 to 1/10/2012. Similar to the figure abhae linear trend line also has a negative
slope, and an Rvalue of about 27%. The effluent manganese cdratéms still do not have a
strong relationship with DO; however, it does appeathe figure that as DO decreases, the

effluent manganese concentration also decreases.
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DO vs. Mercury
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Figure F.38. DO (mg/L) plotted versus effluent mernary concentrations (mg/L) from
1/7/2011 to 1/10/2012

In Figure F.38, DO was plotted against effluenteuey concentrations from 1/7/2011 to
1/10/2012. Unlike the figures above, the lineantt line has a slightly positive slope and &n R
value of less than 1%; therefore, DO and efflueataury concentrations do not have a

correlation between each other.
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DO vs. Selenium
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Figure F.39. DO (mg/L) plotted versus effluent setfeum concentrations (mg/L) from
1/7/2011 to 1/10/2012

DO was plotted against effluent selenium concéiotma from 1/7/2011 to 1/10/2012 in
Figure F.39. The linear trend line has a slighthgative slope and a relatively smafl\Rlue at
less than 1%. Due to the smafl Wlue, there is no relationship between DO andexft

selenium concentrations.
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DO vs. Chloride
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Figure F.40. DO (mg/L) plotted versus effluent chlnde concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.40 represents DO versus effluent chlac@mliecentrations from 1/7/2011 to
1/10/2012. The linear trend line has a large negalope and anRralue of about 21%:
therefore, DO and effluent chloride concentratidasiot have an effect on one another.
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DO vs. Fluoride
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Figure F.41. DO (mg/L) plotted versus effluent fluade concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.41 shows DO versus effluent fluoride @nrations from 1/7/2011 to
1/10/2012. The linear trend line shown within tigeire has a positive slope similar to the DO
versus effluent mercury concentrations seen beféhe R value for this figure is only about
2%; therefore, there is not a strong correlatianvben the DO and effluent fluoride

concentrations.
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DO vs. Sulfate
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Figure F.42. DO (mg/L) plotted versus effluent sutite concentrations (mg/L) 1/7/2011 to
1/10/2012

DO was plotted against effluent sulfate concemnatin Figure F.42 from 1/7/2011 to
1/10/2012. The linear trend line like many of ttker figures in the DO section has a large
negative slope with an“®alue of about 25%. Despite the largén@lue compared to DO
versus other pollutants, DO and the effluent seltancentrations do not have a strong
correlation between them. Overall, none of theesgpollutants had a strong enough correlation
with DO.

TDS

Total dissolved solids, or TDS, are any mineraaiss metals, cations, or anions
dissolved in water and are directly related toghsety of water. TDS typically increases with
chemical constituents such as calcium, phosphaiteates, sodium, potassium, and chloride,
which are typically found in nutrient runoff fronthan and rural settings. TDS was compared to
the seven pollutants tested for the CWTS at JECcande seen in Figure F.43 thru F.49.

161



TDS vs. Boron
o
o
&
o
o f* *
* ‘ *
*
< 8
3 4 *
£ 3
£ ® TDS
f o 4
£ *e —— Linear (TDS)
e 8 *
o I y =0.4121x + 0.5709
@ © R2 = 0.4159
i
o
o
D 94096
o
S 0 1 2 3 4 5 6 7 8 9
TDS (g/L)

Figure F.43. TDS (g/L) plotted against effluent boon concentrations (mg/L) from 1/7/2011
to 1/10/2012

Figure F.43 represents TDS versus effluent boomtentrations from 1/7/2011 to
1/10/2012. The linear trend line has a positiopslwith an Rvalue of about 42%; therefore,
TDS and effluent boron concentrations do not hastang relationship between each other and
cannot be used to determine one or the other, esarger Rvalue compared to others that

have been developed.
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TDS vs. Manganese
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Figure F.44. TDS (g/L) plotted versus effluent mangnese concentrations (mg/L) from
1/7/2011 to 1/10/2012

TDS was plotted against effluent manganese corateats from 1/7/2011 to 1/10/2012
in Figure F.44. The linear trend line for thisuig has a positive slope with a 41%\Rlue.
The R value is a high value similar to TDS vs. efflubnton concentrations; however, TDS and
effluent manganese concentrations do not haveagtorrelation between each other. The

figure does show a small relationship that stdtdgei TDS is low, then the effluent manganese

concentrations are low; however, that relationshipot strong enough to confirm.
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TDS vs. Mercury
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Figure F.45. TDS (g/L) plotted against effluent mesury concentrations (mg/L) from
1/7/2011 to 1/10/2012

TDS was plotted against the effluent mercury catregions from 1/7/2011 to 1/10/2012
in Figure F.45. The linear trend line, similaithe other effluent mercury concentration figures,
has a slight positive slope and a very smalv&lue of less than 1%; therefore, TDS and effluent
mercury concentrations do not have a strong cdiweland should not be used to determine one

or the other.

164



TDS vs. Selenium
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Figure F.46. TDS (g/L) plotted versus effluent sefeum concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.46 shows TDS versus effluent seleniuntentrations from 1/7/2011 to
1/10/2012. The linear trend line for this figursha negative slope and also a smaN#&ue of
less than 1%; therefore, TDS and effluent selersantentrations do not have a strong

correlation between one another.
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TDS vs. Chloride
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Figure F.47. TDS (g/L) plotted against effluent cldride concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.47 represents TDS versus effluent chdocmhcentrations from 1/7/2011 to
1/10/2012. The linear trend line present on tharé has a large positive slope and’a&ue of
about 41%. This Rvalue is surprisingly low for this situation, besa chloride is considered a
TDS; however, because thé Rlue is not large enough, there is not a stramgetation
between TDS and effluent chloride concentratioR®S was taken using the HORIBA meter;
however, total dissolved solids are typically meaduby filtration followed by sample
evaporation to determine the quantity of dissolsekitls in a water sample. The quantity
measurement might have been a more accurate wagdsure TDS instead of using the
HORIBA meter and better results could have beeaionbétl if this method would have been used
possibly giving TDS and effluent chloride concetitnas a strong correlation between one

another.
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TDS vs. Fluoride
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Figure F.48. TDS (g/L) plotted versus effluent fluade concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.48 represents TDS versus the effluentitie concentrations from 1/7/2011 to
1/10/2012. The linear trend line present on tgarg is horizontal with a small positive slope,
with a very small Rvalue of about 1% and almost approaching 0%; thezethere is not a

strong relationship between TDS and the effluardrile concentrations.
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TDS vs. Sulfate

4.0E+03

3.0E+03

o o *
? .

.o 4 TDS

——Linear (TDS)

Sulfate Effluent (mg/L)
2.0E+03

* 44 y = 403.09x + 798.98
R?=0.4579

1.0E+03

* 000

0.0E+00

0 1 2 3 4 5 6 7 8 9
TDS (g/L)

Figure F.49. TDS (g/L) plotted versus effluent sulfte concentrations (mg/L) from 1/7/2011
to 1/10/2012

TDS was plotted against the effluent sulfate catre¢gions from 1/7/2011 to 1/10/2012 in
Figure F.49. The linear trend line present orfignere has a large positive slope with ah R
value of about 48%; therefore, TDS and effluentagalconcentrations do not affect one another
despite having the largest Ralue between each pollutant and TDS. TDS shoai@ had a
strong relationship with effluent chloride concetimns, but this did not occur. Precipitation
might have had an effect on the dilution of chler@bncentration, allowing less TDS to occur,
and/or TDS was not tested for correctly using ti@RHBA meter. TDS is typically tested for
using filtration/evaporation methods, which is maoeurate compared to the sensor used on the
HORIBA meter.

Salinity

Salinity is the measurement of the dissolved saitent within a body of water or soil.
Different types of dissolved salt affect salinitgliuding sodium chloride, magnesium, calcium
sulfates, and bicarbonates, which can increaseaedse salinity based on how much is present.
Water salinity is broken down into four differerategories based on how much salinity is
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present. For the CWTS present at JEC, the watgiesain salinity from O to 8 ppt, classifying
the water present in this wetland system to belkshavater, because it is in the brackish water
salinity range of 0.5 to 30 ppt. In order to detere what is affecting the salinity content within
the CWTS, the following seven figures (Figure F.6®&6) show the relationship between

salinity and one of the main seven pollutants tefte
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Figure F.50. Salinity (ppt) plotted versus effluenboron concentrations (mg/L) from
1/7/2011 to 1/10/2012

In Figure F.50, salinity was plotted against tffeient boron concentrations from
1/7/2011 to 1/10/2012. The linear trend line pnésm the figure has a positive slope with’a R

value of about 40%; therefore, salinity is not eféel by the effluent boron concentrations.
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Salinity vs. Manganese
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Figure F.51. Salinity (ppt) plotted against effluetmanganese concentrations (mg/L) from
1/7/2011 to 1/10/2012

Salinity was plotted against the effluent mangare@scentrations from 1/7/2011 to
1/10/2012 in Figure F.51. The linear trend linealied on the figure has a positive slope and an
R? value of about 38%. Salinity and the effluent memese concentrations do not have a strong
correlation; however, on the figure, it does appkat with less manganese there is a smaller

salinity.
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Salinity vs. Mercury
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Figure F.52. Salinity (ppt) plotted against effluetmercury concentrations (mg/L) from
1/7/2011 to 1/10/2012

Figure F.52 shows salinity plotted against thiuefit mercury concentrations from
1/7/2011 to 1/10/2012. The linear trend line pnésm the figure has a slight positive slope that
is almost horizontal to the points. Th&\Rilue is also very small, being less than 1%, rgayi

that there is not a strong relationship betweenisabnd effluent mercury concentrations.
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Salinity vs. Selenium
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Figure F.53. Salinity (ppt) plotted against efflueh selenium concentrations (mg/L) from
1/7/2011 to 1/10/2012

Salinity was plotted against the effluent selenoncentrations from 1/7/2011 to
1/10/2012 in Figure F.53. The linear trend lins hanegative slope with arf Ralue of about
1%; therefore, salinity and effluent selenium conications do not have a strong correlation to

affect one another.
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Salinity vs. Chloride
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Figure F.54. Salinity (ppt) plotted against effluenchloride concentrations (mg/L) from
1/7/2011 to 1/10/2012

In Figure F.54, salinity was plotted versus thtueht chloride concentrations from
1/7/2011 to 1/10/2012. The linear trend line ledadn the figure has a positive slope and an R
value of about 40%; therefore, salinity and effluginioride concentrations do not have a strong
correlation between each other. Salinity shouléffiected more by chloride concentrations, in

which salinity should increase as chloride con@diun increases.

173



Salinity vs. Fluoride
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Figure G.55. Salinity (ppt) plotted versus effluenfluoride concentrations (mg/L) from
1/7/2011 to 1/10/2012

Salinity was plotted against effluent fluoride centrations from 1/7/2011 to 1/10/2012
in Figure F.55. The linear trend line on the figis relatively horizontal, with a slight negative
slope and an Rvalue of about 4%. There is not a strong cori@iabetween salinity and

effluent fluoride concentrations.
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Salinity vs. Sulfate
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Figure F.56. Salinity (ppt) plotted versus effluensulfate concentrations (mg/L) from
1/7/2011 to 1/10/2012

In Figure F.56, salinity was plotted versus thtueht sulfate concentrations from
1/7/2011 to 1/10/2012. The linear trend line pnésm the figure has a large positive slope, but
has an Rvalue of about 44%:; therefore, salinity and effiusulfate concentrations do not have
a good correlation between one another. Salihiowkl have been affected more by chloride
and sulfate concentrations, because they are bffsts; however, their correlations between
each other were about 40% which was probably dlerge rain fall events diluting the water,

inaccurate water sampling, and/or inaccurate regdiom the HORIBA meter

Overall, none of the water quality measurementsahpositive correlation between one
of the seven main pollutants tested for within@WTS at JEC; therefore, no water quality
measurement should be used to determine how muzlpatfutant is located within the CWTS,
because it would not be accurate. Due to thidgrimndvater quality measurements continued to
be taken for the CWTS, but by Burns & McDonnellrttselves, while water sampling was still
conducted by Kansas State University to deterntireetfluent concentrations of each of the

seven pollutants.
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Appendix G - The Water Balance

The following three tables, Table G.1, G.2, and, Gpresent the daily water balance
from January 1, 2011 to May 22, 2012, while thesotiwo tables represent the weekly water
balances for 2011 and 2012, respectively. The teld/alues for precipitation within the table
represent times where the Vantage Pro2™ weath@srst@as not working properly; therefore,
weather data was taken from the Kansas State Wda#he Library for Manhattan, KS and used
in place of the Vantage Pro2™ weather station.

Table G.1. Daily water balance for CWTS at JEC withRAW, FGDWW, and Precip. all
incoming amounts of water and LS are leaving amoustof water from January 1, 2011 to
May 22, 2012. These values were used to determihe system evapotranspiration, which

will be shown later.

Date RAW FGDWW Precip. LS
(L) (L) (mm) (L)

1/1/2011 0 0 0 0
1/2/2011 0 0 0 0
1/3/2011 0 0 0 0
1/4/2011 0 0 0 0
1/5/2011 0 0 0 0
1/6/2011 0 0 0 0
1/7/2011 3838 0 0 0
1/8/2011 0 0 0 0
1/9/2011 0 0 1 0
1/10/2011 0 0 1 0
1/11/2011 0 0 0 0
1/12/2011 0 0 0 0
1/13/2011 0 0 0 0
1/14/2011 0 0 0 0
1/15/2011 0 0 0 0
1/16/2011 0 0 0 0
1/17/2011 | 74928 0 0 0
1/18/2011 161168 0 0 0
1/19/2011 0 0 6 0
1/20/2011 0 0 0 0
1/21/2011 0 0 0 0
1/22/2011 0 0 0 0
1/23/2011 0 0 0 0
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1/24/2011
1/25/2011
1/26/2011
1/27/2011
1/28/2011
1/29/2011
1/30/2011
1/31/2011
2/1/2011
2/2/2011
2/3/2011
2/4/2011
2/5/2011
2/6/2011
2/7/2011
2/8/2011
2/9/2011
2/10/2011
2/11/2011
2/12/2011
2/13/2011
2/14/2011
2/15/2011
2/16/2011
2/17/2011
2/18/2011
2/19/2011
2/20/2011
2/21/2011
2/22/2011
2/23/2011
2/24/2011
2/25/2011
2/26/2011
2/27/2011
2/28/2011
3/1/2011
3/2/2011
3/3/2011
3/4/2011
3/5/2011
3/6/2011

83620
136252
136237
136252
190864
268954
263968
272447
272421
272410
272565
271482
269234
136494
233041
202130
135991
135991
135987
135991
135991
135991
135991
90772
0
26765
0
0
91827
94677
97647
135991
135991
135991
135987
68141
72004
135991
74768
68147
68149
68149

36146
68149
68151
0
24661
0
0
45909
54984
68151
68151
44064
68151
68151
68147
68147
68147
47868
68147
68145
68147
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3/7/2011
3/8/2011
3/9/2011
3/10/2011
3/11/2011
3/12/2011
3/13/2011
3/14/2011
3/15/2011
3/16/2011
3/17/2011
3/18/2011
3/19/2011
3/20/2011
3/21/2011
3/22/2011
3/23/2011
3/24/2011
3/25/2011
3/26/2011
3/27/2011
3/28/2011
3/29/2011
3/30/2011
3/31/2011
4/1/2011
4/2/2011
4/3/2011
4/4/2011
4/5/2011
4/6/2011
4/7/2011
4/8/2011
4/9/2011
4/10/2011
4/11/2011
4/12/2011
4/13/2011
4/14/2011
4/15/2011
4/16/2011
4/17/2011

68147
68149
68147
68149
68153
68147
68147
68149
68149
68149
68149
40971
68147
68149
68149
68149
68149
68149
68149
68147
68151
68149
68147
68149
68149
68147
68147
68149
68149
68149
68149
1018
61952
68147
68149
68149
68149
68149
68151
68149
66404
68147

65170
65198
64140
51144
68147
68149
64010
68147
68147
49633
63750
17355
68147
68147
68147
68147
68151
68149
68149
68147
68149
68151
68149
68151
68145
68149
33909
68149
68151
52180
68149
329
17033
68147
59630
68151
68145
68147
68147
68153
20665
68151
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0
0
0
53814
129448
102767
80766
310135
120799
97856
98289
65982
191160
151072
69470
63775
182355
124410
116102
130253
109837
125110
182698
143359
121288
132761
100477
97537
145988
4437

106364
217387

66068
109126




4/18/2011
4/19/2011
4/20/2011
4/21/2011
4/22/2011
4/23/2011
4/24/2011
4/25/2011
4/26/2011
4/27/2011
4/28/2011
4/29/2011
4/30/2011
5/1/2011
5/2/2011
5/3/2011
5/4/2011
5/5/2011
5/6/2011
5/7/2011
5/8/2011
5/9/2011
5/10/2011
5/11/2011
5/12/2011
5/13/2011
5/14/2011
5/15/2011
5/16/2011
5/17/2011
5/18/2011
5/19/2011
5/20/2011
5/21/2011
5/22/2011
5/23/2011
5/24/2011
5/25/2011
5/26/2011
5/27/2011
5/28/2011
5/29/2011

68147
68149
68141
68141
68141
57181
39376
60614
55396
56592
68141
68141
68141
61004
68141
68141
68143
68141
68141
68141
68141
68141
68141
68141
68141
27859
68141
68141
68141
64180
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141

68151
68147
46005
68139
68139
54201
33088
59550
55068
56299
68143
68143
68139
60410
68139
68141
68141
68141
68141
68139
68141
68141
68141
68139
68143
27519
68139
68141
68143
63665
68143
68143
68139
68141
68141
68139
68141
68143
68141
68139
68139
68141
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119672
100854

59114
84926

255281

92224
73637
132508
157338
39715
88831
81026
92149
8366
88632
74941
80394
109864
84143
93123
121389
28266
100717
32310
91668
77116
74518
54354
110517
92529
121693
345024
28914(
174986
89952
68986
247613
689403
768931
380919
91057

3

3
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5/30/2011
5/31/2011
6/1/2011
6/2/2011
6/3/2011
6/4/2011
6/5/2011
6/6/2011
6/7/2011
6/8/2011
6/9/2011
6/10/2011
6/11/2011
6/12/2011
6/13/2011
6/14/2011
6/15/2011
6/16/2011
6/17/2011
6/18/2011
6/19/2011
6/20/2011
6/21/2011
6/22/2011
6/23/2011
6/24/2011
6/25/2011
6/26/2011
6/27/2011
6/28/2011
6/29/2011
6/30/2011
7/1/2011
7/2/2011
7/3/2011
7/4/2011
7/5/2011
7/6/2011
7/7/2011
7/8/2011
7/9/2011
7/10/2011

68141
68141
68143
68143
66568
68141
68141
58187
68141
68141
68141
68141
68141
68141
68141
68143
68143
68141
68141
68141
68141
68141
68141
68141
68141
68141
68143
68143
68143
68141
68143
68141
68141
68141
68145
68141
68141
68141
68141
68141
68141
68141

68139
68143
68141
68139
64717
66949
68141
57434
68141
68139
68141
68139
68141
57431
56128
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68143
68143
68145
68143
68145
30586
14339
68145
68145
68145
68145
68149
68145
68145
68141
68145

180

16

93

0

0

54632
210316
23581§
718769
726849
407318
163321
49204
53410
18568
67419
84067
99174
75670
53929
62269
93737
134401
13048¢
334323
14753(
71112
96199
34541
76630
62247
12564(
85978
218023
70970
69107
32924
32634
26825
119316
103386
68564
121739
255020
131390
76908
63356




7/11/2011
7/12/2011
7/13/2011
7/14/2011
7/15/2011
7/16/2011
7/17/2011
7/18/2011
7/19/2011
7/20/2011
7/21/2011
7/22/2011
7/23/2011
7/24/2011
7/25/2011
7/26/2011
7/27/2011
7/28/2011
7/29/2011
7/30/2011
7/31/2011
8/1/2011

8/2/2011

8/3/2011

8/4/2011

8/5/2011

8/6/2011

8/7/2011

8/8/2011

8/9/2011

8/10/2011
8/11/2011
8/12/2011
8/13/2011
8/14/2011
8/15/2011
8/16/2011
8/17/2011
8/18/2011
8/19/2011
8/20/2011
8/21/2011

68145
68145
68145
68145
68145
68141
68145
63576

50369
136286
136282
68149
83457
68147
68143
68143
63381
62917
68141
68001
64674
68143
68143
68143
68143
68143
68143

68141
59033
68145
68145
68149
68145
68141
63262

33395
68156
68156
68156
68156
68156
68147
68147
63311
62043
68145
65571
64079
53066
68149
68145
68145
68145
68147

181

49102
29563
116088
48634
31711
27624
27443
22909
20470
245
282
226
102
15

20986
222657
148876
71062
1108645
85140
185305
218139
82963
218996
108056
131495
115691
322549
544099
102897




8/22/2011
8/23/2011
8/24/2011
8/25/2011
8/26/2011
8/27/2011
8/28/2011
8/29/2011
8/30/2011
8/31/2011
9/1/2011
9/2/2011
9/3/2011
9/4/2011
9/5/2011
9/6/2011
9/7/2011
9/8/2011
9/9/2011
9/10/2011
9/11/2011
9/12/2011
9/13/2011
9/14/2011
9/15/2011
9/16/2011
9/17/2011
9/18/2011
9/19/2011
9/20/2011
9/21/2011
9/22/2011
9/23/2011
9/24/2011
9/25/2011
9/26/2011
9/27/2011
9/28/2011
9/29/2011
9/30/2011
10/1/2011
10/2/2011

1

125284
45445
82121
50339
67607
33995
101368
53303
10163¢
133743
45459
15720
59247
94934
83157
55707
86836
161296
142259
166269
96352
85206
70356
118753
101017
148684
151646
480815
207422
107654
95501
102183
119254
78870
90607
51185
7690
2524
0
5063
67144
99077




10/3/2011
10/4/2011
10/5/2011
10/6/2011
10/7/2011
10/8/2011
10/9/2011
10/10/2011
10/11/2011
10/12/2011
10/13/2011
10/14/2011
10/15/2011
10/16/2011
10/17/2011
10/18/2011
10/19/2011
10/20/2011
10/21/2011
10/22/2011
10/23/2011
10/24/2011
10/25/2011
10/26/2011
10/27/2011
10/28/2011
10/29/2011
10/30/2011
10/31/2011
11/1/2011
11/2/2011
11/3/2011
11/4/2011
11/5/2011
11/6/2011
11/7/2011
11/8/2011
11/9/2011
11/10/2011
11/11/2011
11/12/2011
11/13/2011

68145
57129
38024
68141
48177
68141
68141
68141
61891
33963
68141
62050
65560
68141
68141
68141
68145
68141
68137
61074
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141

0
66067
21206
85849
55952
80395
79887
68648
78313
41458
89075
69943
51364
96396
82908
60684
87943
77635
71022
72282
62664
82719
52072
87170
74826
84555
97667
96278
94268
100105
94677
85051
98886
98019
94049
88075
85062
101922
100760
99977
101373
87867

183

0

71143
63154
64849
31643
45420
79142
70399
229545
122865
115062
94080
107637
105706
134245
126338
100633
148011
125739
129717
111583
88126
143015
112261
125453
64947
136037
132864
138701
149114
146233
146226
134253
154537
152060
152247
200710
354596
307390
180749
161539
158532
146939




11/14/2011
11/15/2011
11/16/2011
11/17/2011
11/18/2011
11/19/2011
11/20/2011
11/21/2011
11/22/2011
11/23/2011
11/24/2011
11/25/2011
11/26/2011
11/27/2011
11/28/2011
11/29/2011
11/30/2011
12/1/2011
12/2/2011
12/3/2011
12/4/2011
12/5/2011
12/6/2011
12/7/2011
12/8/2011
12/9/2011
12/10/2011
12/11/2011
12/12/2011
12/13/2011
12/14/2011
12/15/2011
12/16/2011
12/17/2011
12/18/2011
12/19/2011
12/20/2011
12/21/2011
12/22/2011
12/23/2011
12/24/2011
12/25/2011

41530
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
68141
115217
135987
134098
135991
135987
135991
135991
135987
135991
135991
135991
135991
135991
135802
135991
134382
135991
135987
8862
135991
135991
135991
135802
135995

23148
97474
92595
98705
81780
37233
80061
77393
87791
88140
91974
76087
72812
78634
84767
917190
77041
75439
82412
89801
95169
93197
82863
87602
72135
78979
79395
88590
75197
82514
80890
78097
79172
66105
4153
69784
82003

184

239874
185013
17791
4903
0
0
48256
140638
184456
167314
96241
138089
234928
142315
130319
155116
134666
98034
15722(
461672
357812
201914
183334
195220
217508
217721
225506
227380
234694
256005
55869
236620
220196
189604
216937
311853
417006
326757
239819
161059
178800
207047
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12/26/2011
12/27/2011
12/28/2011
12/29/2011
12/30/2011
12/31/2011
1/1/2012
1/2/2012
1/3/2012
1/4/2012
1/5/2012
1/6/2012
1/7/2012
1/8/2012
1/9/2012
1/10/2012
1/11/2012
1/12/2012
1/13/2012
1/14/2012
1/15/2012
1/16/2012
1/17/2012
1/18/2012
1/19/2012
1/20/2012
1/21/2012
1/22/2012
1/23/2012
1/24/2012
1/25/2012
1/26/2012
1/27/2012
1/28/2012
1/29/2012
1/30/2012
1/31/2012
2/1/2012
2/2/2012
2/3/2012
2/4/2012
2/5/2012

135991
135991
135991
135987
135987
135991
135991
135802
135991
135991
135987
135991
135987
135991
135991
135983
135991
135991
135991
135987
135987
135991
135991
135991
135991
135987
135991
135234
135987
135991
135987
135991
135991
135802
135991
135987
135991
135991
135995
135612
135987
134189

71885
29201
87371
72267
55267
36336
56637
90808
94586
80156
73225
60816
64893
64704
127319
74493
111836
71064
119324
63886
76549
73763
87364
90918
90112
109190
88068
99129
76723
117480
71821
62274
53382
63496
68815
63023
52928
47149
62155
101667
69127
72483

185

19421%

213579

194192

200547
19504
181601
148593
194214
214163
216851
20088(
187261
182404
205283
199173
210545

201255

159650
20415

212744
217194

227564

184982

178539

207611

174659
190724
235214
23041(
229801

238621

213244
190247
170491

197231

191822

199431

120475
111662
374619
323993

3

3

)

229335



2/6/2012
2/7/2012
2/8/2012
2/9/2012
2/10/2012
2/11/2012
2/12/2012
2/13/2012
2/14/2012
2/15/2012
2/16/2012
2/17/2012
2/18/2012
2/19/2012
2/20/2012
2/21/2012
2/22/2012
2/23/2012
2/24/2012
2/25/2012
2/26/2012
2/27/2012
2/28/2012
2/29/2012
3/1/2012
3/2/2012
3/3/2012
3/4/2012
3/5/2012
3/6/2012
3/7/2012
3/8/2012
3/9/2012
3/10/2012
3/11/2012
3/12/2012
3/13/2012
3/14/2012
3/15/2012
3/16/2012
3/17/2012
3/18/2012

135991
135802
135987
110120
67992
67990
67990
67988
67990
67990
67990
67990
67990
67992
67994
67992
67992
67990
67990
67990
67994
67990
67994
67994
67992
67992
67990
67992
67990
67992
67992
67990
67990
67990
65338
67992
67992
67992
67992
68141
53320
50402

83245
72279
94251
26223
38861
37305
55518
73159
59402
64405
23742
50994
67889
50153
52692
68575
45306
47997
69296
61163
69970
70210
53126
34251
34292
68478
69313
38061
55483
17094
33656
68461
31278
51252
36887
44561
44556
70695
70696
70199
54856
49121

186

203621
206540
20985¢
200971
133697
71344
80270
107369
180594
203757
1650072
135185
129048
121500
124771
184792
189861
126543
105681
111768
112733
105450
127637
111215
87507
101146
91092
95722
87348
85891
102520
60752
78131
86239
148214
145371
105867
104417
11714(
108240
10894(
108005




3/19/2012
3/20/2012
3/21/2012
3/22/2012
3/23/2012
3/24/2012
3/25/2012
3/26/2012
3/27/2012
3/28/2012
3/29/2012
3/30/2012
3/31/2012
4/1/2012
4/2/2012
4/3/2012
4/4/2012
4/5/2012
4/6/2012
4/7/2012
4/8/2012
4/9/2012
4/10/2012
4/11/2012
4/12/2012
4/13/2012
4/14/2012
4/15/2012
4/16/2012
4/17/2012
4/18/2012
4/19/2012
4/20/2012
4/21/2012
4/22/2012
4/23/2012
4/24/2012
4/25/2012
4/26/2012
4/27/2012
4/28/2012
4/29/2012

68141
63093
68143
68143
68141
68141
68141
68143
0
0
0
13
40877
46137
68143
67066
66619
68143
49451
68143
68143
59544
68143
68143
68143
68143
45425
68143
60294
68143
68143
68143
68145
45474
68143
53169
63833
58670
32847
47260
68145
45898

73893
69731
69387
78381
75723
72388
72890
74041
2827
0
0
0
38638
46056
68145
66782
66425
68143
49324
68145
68149
59206
68145
68145
68143
68147
45193
68145
60214
68147
68147
68147
68141
45043
68147
52903
63266
58191
32588
46997
68143
45221

187

0

184917
191493
21366(
333014
24364(
141090
119267
137865
124116
53287
27675
10539
1855
9320
23326
69360
112756
145489
103826
124922
116364
88991
72551
88927
103311
107506
118915
163129
83207
92039
69739
75027
99908
69300
40905
57868
50058
50123
41564
37888
49339

4

252858



4/30/2012 50348 49805 0 110224
5/1/2012 64320 63917 81693
5/2/2012 68143 68154 0 84615
5/3/2012 63090 62849 84998
5/4/2012 60392 60043 0 67782
5/5/2012 62030 61963 67202
5/6/2012 34456 34287 0 74338
5/7/2012 68143 68143 82340
5/8/2012 63366 63161 0 52462
5/9/2012 55420 52503 50418
5/10/2012 45356 45261 0 47469
5/11/2012 68143 68147 44993
5/12/2012 60270 60146 0 11946(
5/13/2012 33696 33484 74993
5/14/2012 67918 67753 0 50319
5/15/2012 42874 42542 47817
5/16/2012 57307 57169 0 22580
5/17/2012 64271 64140 27819
5/18/2012 57080 56846 0 31154
5/19/2012 60965 60671 25177
5/20/2012 45365 45164 0 33755
5/21/2012 53986 53794 25181
5/22/2012 68143 68143 0 17674

Table G.2. Weekly water budget for the CWTS at JEGor 2011. These values were used to
determine the weekly mass removal of pollutants whin the CWTS.

RAW FGDWW Precip. LS
Date Week L L L P L
1/4-1/10 1 3838 0 15043 0
1/11-1/17 2 74928 0 2507 0
1/18-1/24 3 244787 2458 57666 0
1/25-1/31 4 1404975 8063 0 0
2/11-217 5 1727647 0 20058 0
2/8-2/14 6 1018071 42071 35101 0
2/15-2/21 7 345354 206869 2507 0
2/22-2/28 8 804425 439798 100269 0
3/1-3/7 9 555354 453771 5014 0
3/8-3/14 10 477039 448934 163009 676930
3/15-3/21 11 449862 403326 106211 794629
3/22-3/28 12 477041 477041 30087 851842
3/29-4/4 13 477036 442801 32594 924108
4/5-4/11 14 403712 333618 65188 4437
4/12-4/18 15 475294 429557 167984 618617

188



4/19-4/25
4/26-5/2
5/3-5/9
5/10-5/16
5/17-5/23
5/24-5/30
5/31-6/6
6/7-6/13
6/14-6/20
6/21-6/27
6/28-7/4
7/5-7/11
7/12-7/18
7/19-7/25
7/26-8/1
8/2-8/8
8/9-815
8/16-8/22
8/23-8/29
8/30-9/5
9/6-9/12
9/13-9/19
9/20-9/26
9/27-10/3
10/4-10/10
10/11-10/17
10/18-10/24
10/25-10/31
11/1-11/7
11/8-11/14
11/15-11/21
11/22-11/28
11/29-12/5
12/6-12/12
12/13-12/19
12/20-12/26
12/27-1/2/2012

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

429744
445556
476990
436706
473027
476988
465465
476988
476992
476994
476994
476992
472442
0
0
542690
463401
477002
476933
468958
476994
477000
204427
351840
415896
427888
469921
476988
476988
416467
177812
476988
725716
951929
950135
824622
679947

397270
444342
476986
436367
472512
476985
461665
454262
476988
476996
385648
477011
463020
0
0
374177
459443
461941
476237
468777
209004
0
0
0
458005
509456
514948
586837
658862
585490
213217
551103
1398505
606484
557701
451198
280442

215621
7522
152940
42623
376083
1048018
917643
45130
361040
105303
0
25072
37608
122854
213114
87753
130336
30087
10029
45130
65188
152940
17551
0
20058
17551
0
2507
77724
441271
2507
188042
90260
37608
403663
40116
7522

798544
556057
592120
541199
1182311
2312454
2511995
452238
973860
699257
455141
766080
303972
21343
1
392520
972470
1450070
434178
533899
793925
1278692
645253
252640
584152
805933
846823
859377
1086266
1549620
396601
1093661
1566433
1501363
1989910
1724703
984962

Table G.3. Weekly water budget for the CWTS at JEGor 2012 until May 22. These values
were used to determine the weekly mass removal oblfutants within the CWTS.

Date

Week

RAW

FGDWW

Precip.

LS
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(L) (L) (L) (L)

1/3-1/9 1 951929 565700 0 1406015
1/10-1/16 2 951921 590914 0 1433115
1/17-1/23 3 951172 641502 5014 1402139
1/24-1/30 4 951740 500291 0 1431457
1/31-2/6 5 949756 488753 265765 1563137
2/7-2/13 6 653867 397596 2507 1010046
2/14-2/20 7 475934 369277 57666 1059859
2/21-2/27 8 475936 432515 10029 936829
2/28-3/5 9 475942 353005 37608 701668
3/6-3/12 10 473283 283189 115332 707119
3/13-3/19 11 443980 434017 142912 837526
3/20-3/26 12 471946 512541 203085 1380029
3/27-4/2 13 155169 155666 5014 250117

4/3-4/9 14 447109 446173 125361 761708
4/10-4/16 15 446434 446132 85246 737546
4/17-4/23 16 439360 438674 0 504785
4/24-4/30 17 367001 364210 0 592054

5/1-5/7 18 420572 419357 0 542968
5/8-5/14 19 394169 390456 0 440115
5/15-5/21 20 381848 380327 0 213482
5/22-5/28 21 428581 427920 0 17674

Appendix H - Water Use Coefficient Curve Data

The first two tables, Table H.1 and H.2, show tp&tem ET for the CWTS which was
determined by taking the influent amount of wated aubtracting it by the effluent amount of
water for both 2011 and 2012, respectively. Tha tizken from the weather station to
determine the reference ET for both the FAO56 Penianteith and Hargreaves methods are
presented in Table H.3-H.4 and Table H.5-H.6, rethpaly, for 2011 and 2012. From all four
tables, the water use coefficient was determineldcan be seen in Table H.7 from January 1,
2011 to May 22, 2012.

Table H. 1. The system ET for 2011 was determinedsing the following data. System ET
was later used in order to determine the water useoefficient for the CWTS at JEC.

Date RAW FGD Precip. LS ETqys ETqys
(gal) (gal) (gal) (gal) (gal) (mm)
112011 | 0 0 0 0 0
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1/2/2011
1/3/2011
1/4/2011
1/5/2011
1/6/2011
1/7/2011
1/8/2011
1/9/2011
1/10/2011
1/11/2011
1/12/2011
1/13/2011
1/14/2011
1/15/2011
1/16/2011
1/17/2011
1/18/2011
1/19/2011
1/20/2011
1/21/2011
1/22/2011
1/23/2011
1/24/2011
1/25/2011
1/26/2011
1/27/2011
1/28/2011
1/29/2011
1/30/2011
1/31/2011
2/1/2011
2/2/2011
2/3/2011
2/4/2011
2/5/2011
2/6/2011
2/7/2011
2/8/2011
2/9/2011
2/10/2011
2/11/2011
2/12/2011
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2/13/2011
2/14/2011
2/15/2011
2/16/2011
2/17/2011
2/18/2011
2/19/2011
2/20/2011
2/21/2011
2/22/2011
2/23/2011
2/24/2011
2/25/2011
2/26/2011
2/27/2011
2/28/2011
3/1/2011
3/2/2011
3/3/2011
3/4/2011
3/5/2011
3/6/2011
3/7/2011
3/8/2011
3/9/2011
3/10/2011
3/11/2011
3/12/2011
3/13/2011
3/14/2011
3/15/2011
3/16/2011
3/17/2011
3/18/2011
3/19/2011
3/20/2011
3/21/2011
3/22/2011
3/23/2011
3/24/2011
3/25/2011
3/26/2011

35925
35925
35925
23980
0
7071
0
0
24258
25011
25796
35925
35925
35925
35924
18001
19022
35925
19752
18003
18003
18003
18003
18003
18003
18003
18004
18003
18003
18003
18003
18003
18003
10824
18003
18003
18003
18003
18003
18003
18003
18003

9549
18003
18004

6515
0
0
12128
14525
18004
18004
11641
18004
18004
18003
18003
18003
12646
18003
18002
18003
17216
17224
16944
13511
18003
18003
16910
18003
18003
13112
16841
4585
18003
18003
18003
18003
18004
18003
18003
18003

14216
34197
27148
21336
81929
31912
25851
25965
17431
50499
39909
18352
16848
48173
32866
30671
34409

35925
45474

53928
42559

13585

36386
39536
43799
75816
47566
54504
54503
36004
37024
53928
32397
36005
36005
36006
36370
46746
34947
17298
1810
8857
14152
-20580
4094
5264
8879
-2022
9698
-3903
17654
19158
-12167
6596
6487
1596




3/27/2011
3/28/2011
3/29/2011
3/30/2011
3/31/2011
4/1/2011
4/2/2011
4/3/2011
4/4/2011
4/5/2011
4/6/2011
4/7/2011
4/8/2011
4/9/2011
4/10/2011
4/11/2011
4/12/2011
4/13/2011
4/14/2011
4/15/2011
4/16/2011
4/17/2011
4/18/2011
4/19/2011
4/20/2011
4/21/2011
4/22/2011
4/23/2011
4/24/2011
4/25/2011
4/26/2011
4/27/2011
4/28/2011
4/29/2011
4/30/2011
5/1/2011
5/2/2011
5/3/2011
5/4/2011
5/5/2011
5/6/2011
5/7/2011

18004
18003
18003
18003
18003
18003
18003
18003
18003
18003
18003
269
16366
18003
18003
18003
18003
18003
18004
18003
17542
18003
18003
18003
18001
18001
18001
15106
10402
16013
14634
14950
18001
18001
18001
16116
18001
18001
18002
18001
18001
18001

18003
18004
18003
18004
18002
18003
8958
18003
18004
13785
18003
87
4500
18003
15753
18004
18002
18003
18003
18004
5459
18004
18004
18003
12153
18001
18001
14319
8741
15732
14548
14873
18002
18002
18001
15959
18001
18001
18001
18001
18001
18001

4032
10944
20160
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29016
33051
48264
37871
32041
35072
26543
25766
38566
1172

28098
57428
17453
28828
31614
26643
15616
22435
67438
24363
19453
35005
41564
10492
23467
21405
24343
2210
23414
19797
21238
29023
22228
24600

7567
4684
-11682
-1865
10300
934
417
10816
-2560
30615
36006
356
28930
36005
33756
36007
36005
36006
29796
-4717
5548
7178
4392
9939
14538
13566
-8973
5061
-310
23235
-10655
19331
12536
14598
11658
29864
12587
16205
14765
11011
24718
31561

14

11




5/8/2011
5/9/2011
5/10/2011
5/11/2011
5/12/2011
5/13/2011
5/14/2011
5/15/2011
5/16/2011
5/17/2011
5/18/2011
5/19/2011
5/20/2011
5/21/2011
5/22/2011
5/23/2011
5/24/2011
5/25/2011
5/26/2011
5/27/2011
5/28/2011
5/29/2011
5/30/2011
5/31/2011
6/1/2011
6/2/2011
6/3/2011
6/4/2011
6/5/2011
6/6/2011
6/7/2011
6/8/2011
6/9/2011
6/10/2011
6/11/2011
6/12/2011
6/13/2011
6/14/2011
6/15/2011
6/16/2011
6/17/2011
6/18/2011

18001
18001
18001
18001
18001
7360
18001
18001
18001
16955
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18002
18002
17586
18001
18001
15371
18001
18001
18001
18001
18001
18001
18001
18002
18002
18001
18001
18001

18001
18001
18001
18001
18002
7270
18001
18001
18002
16819
18002
18002
18001
18001
18001
18001
18001
18002
18001
18001
18001
18001
18001
18002
18001
18001
17097
17686
18001
15173
18001
18001
18001
18001
18001
15172
14828
18001
18001
18001
18001
18001

0

2880
3456

3456

1728
47808
8640
28224
0
0
0
91008
110592
0
1728
1152
0
36288
0
210816

32068
7467
26607
8535
24216
20372
19686
14359
29196
24444
32148
91146
76383
46227
23763
18224
65412
182121
203130
100628
24055
21107
14432
55560
62297
189879
192013
107602
43145
12998
14110
4905
17810
22208
26199
19990
14247
16450
24763
35505
34472
88319

3934
28535
9395
30346
15242
-2286
16316
21643
6807
11057
51663
-46503
-12157
-10225
12239
17777
61598
-35527
-167128
-62899
13099
14895
57857
-19557
184522
-153877
-157331
-71915
-7143
17546
21893
32248
23952
13793
9803
15487
19734
19553
11240
17201
4410
2979




6/19/2011
6/20/2011
6/21/2011
6/22/2011
6/23/2011
6/24/2011
6/25/2011
6/26/2011
6/27/2011
6/28/2011
6/29/2011
6/30/2011
7/1/2011
7/2/2011
7/3/2011
7/4/2011
7/5/2011
7/6/2011
7/7/2011
7/8/2011
7/9/2011
7/10/2011
7/11/2011
7/12/2011
7/13/2011
7/14/2011
7/15/2011
7/16/2011
7/17/2011
7/18/2011
7/19/2011
7/20/2011
7/21/2011
7/22/2011
7/23/2011
7/24/2011
7/25/2011
7/26/2011
7/27/2011
7/28/2011
7/29/2011
7/30/2011

18001
18001
18001
18001
18001
18001
18002
18002
18002
18001
18002
18001
18001
18001
18002
18001
18001
18001
18001
18001
18001
18001
18002
18002
18002
18002
18002
18001
18002
16795

18001
18001
18001
18001
18001
18001
18002
18002
18002
18002
18002
8080
3788
18002
18002
18002
18002
18003
18002
18002
18001
18002
18001
15595
18002
18002
18003
18002
18001
16712

38973
18786
25413
9125
20243
16444
33191
22713
57596
18748
18256
8698
8621
7086
31520
27312
18113
32160
67369
34710
20317
16737
12972
7810
30667
12848
8377
7298
7250
6052
5408

2971
25280
10589
26877
15759
19558
21244
13290
-15832
17254
17747
17384
13168
28917
4484
8691
17890
5572
28486
2445
15685
19266
23032
31547
7641
23156
27628
29281
28753
27455
-5408

2300
25919

41472
5760

11

12

14

10

13

-13

10

12

13




7/31/2011
8/1/2011
8/2/2011
8/3/2011
8/4/2011
8/5/2011
8/6/2011
8/7/2011
8/8/2011
8/9/2011

8/10/2011

8/11/2011

8/12/2011

8/13/2011

8/14/2011

8/15/2011

8/16/2011

8/17/2011

8/18/2011

8/19/2011

8/20/2011

8/21/2011

8/22/2011

8/23/2011

8/24/2011

8/25/2011

8/26/2011

8/27/2011

8/28/2011

8/29/2011

8/30/2011

8/31/2011
9/1/2011
9/2/2011
9/3/2011
9/4/2011
9/5/2011
9/6/2011
9/7/2011
9/8/2011
9/9/2011

9/10/2011

13306
36003
36002
18003
22047
18003
18002
18002
16744
16621
18001
17964
17085
18002
18002
18002
18002
18002
18002
18002
18002
18002
18002
17984
18002
18002
18002
15878
18002
18002
18002
18001
18002
18001
18001
18001
18002
18001
18001

8822
18005
18005
18005
18005
18005
18003
18003
16725
16390
18002
17322
16928
14019
18003
18002
18002
18002
18003
18002
18002
18003
17915
17883
18003
18002
18002
15826
18003
18002
18003
18002
18002
18002
18003
18002
18001
1207
0

5544
58820
39329
18773
29287
22492
48953
57626
21916
57853
28546
34737
30562
85208
143736
27182
33097
12005
21694
13298
17860
8981
26779
14081
26850
35331
12009
4153
15652
25079
21968
14716
22940
42610
37581
43924

1152
576
0
22128
55736
68983
31616
-18192
-1593
17807
7293
10977
-13638
-21623
13370
2656
3475
1267
6593
-48629
-106004
10550
4635
24574
14886
23194
18583
27023
9225
21922
8885
673
24570
31851
26111
10924
14035
21288
13063
-6607
-10309
-19011

10

30

-21

11

10

12

10

14

25

14

11

12




9/11/2011
9/12/2011
9/13/2011
9/14/2011
9/15/2011
9/16/2011
9/17/2011
9/18/2011
9/19/2011
9/20/2011
9/21/2011
9/22/2011
9/23/2011
9/24/2011
9/25/2011
9/26/2011
9/27/2011
9/28/2011
9/29/2011
9/30/2011
10/1/2011
10/2/2011
10/3/2011
10/4/2011
10/5/2011
10/6/2011
10/7/2011
10/8/2011
10/9/2011
10/10/2011
10/11/2011
10/12/2011
10/13/2011
10/14/2011
10/15/2011
10/16/2011
10/17/2011
10/18/2011
10/19/2011
10/20/2011
10/21/2011
10/22/2011
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25454
22509
18586
31371
26686
39278
40061
127018
54795
28439
25229
26994
31504
20835
23936
13522
2031
667
0
1337
17738
26173
18794
16684
17131
8359
11999
20907
18597
60640
32458
30396
24853
28435
27925
35464
33375
26585
39100
33217
34268
29477

-7452
-4508
-585
-13370
-8684
-10909
-19755
-90584
-32762
-8710
-6651
-8417
-30928
-20835
-23936
-12946
-2031
2274
18001
16664
263
-8172
-792
15862
-1484
32321
15509
18332
20508
-19896
5156
-9320
17255
7010
2964
8002
7680
7448
2134
5293
2494
5752




10/23/2011
10/24/2011
10/25/2011
10/26/2011
10/27/2011
10/28/2011
10/29/2011
10/30/2011
10/31/2011
11/1/2011

11/2/2011

11/3/2011

11/4/2011

11/5/2011

11/6/2011

11/7/2011

11/8/2011

11/9/2011

11/10/2011
11/11/2011
11/12/2011
11/13/2011
11/14/2011
11/15/2011
11/16/2011
11/17/2011
11/18/2011
11/19/2011
11/20/2011
11/21/2011
11/22/2011
11/23/2011
11/24/2011
11/25/2011
11/26/2011
11/27/2011
11/28/2011
11/29/2011
11/30/2011
12/1/2011

12/2/2011

12/3/2011

18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
18001
2013

6115
25750
24461
26075
21604
9836
21150
20445
23192
23284
24297
20100
19235
20773
22393

14976
26496
11520
62784
576

23280
37781
29656
33141
17157
35937
35099
36641
39392
38631
38629
35466
40824
40170
40219
53022
93674
81204
47749
42674
41880
38817
63368
48875
4700
1295
0
0
12748
37153
48728
44200
25424
36479
62061
37596
34427
40977
35575
25898
41533
121961

11275
2073
2101
8464
20611
4401
8703
6794
3512
5815
6111
6155
3300
3725
2627
3222
-26706
-24758
59654
2314
2901
2396
-59102
-48875
-4700
-719

17086
31003
5310
10324
-4019
2413
7856
-1151
3597
6858
1321
2526
11338
10253
-57308




12/4/2011 35425 24296 13824 94524 -20979 -9
12/5/2011 35925 20352 0 53340 2937 1
12/6/2011 35924 19929 0 48432 7421 3
12/7/2011 35925 21771 1152 51572 7276 3
12/8/2011 35925 23723 576 57460 2764 1
12/9/2011 35924 25141 1728 57516 5277 2
12/10/2011] 35925 24620 4608 59572 5581 2
12/11/2011] 35925 21890 576 60068 -1677 -1
12/12/2011] 35925 23142 0 62000 -2933 -1
12/13/2011] 35925 19056 35136 67629 22488 10
12/14/2011] 35925 20864 40320 147592 -50483 -22
12/15/2011] 35875 20974 0 62508 -5659 -2
12/16/2011] 35925 23403 0 58170 1158 1
12/17/2011] 35500 19865 0 50088 5277 2
12/18/2011] 35925 21798 0 57309 414 0
12/19/2011] 35924 21369 17280 82383 -7810 -3
12/20/2011] 2341 20631 576 110161 -86613 -38
12/21/2011] 35925 20915 7488 86320 -21992 -10
12/22/2011] 35925 17463 576 63354 -9390 -4
12/23/2011] 35925 1097 0 42547 -5525 -2
12/24/2011] 35875 18435 576 47234 7652 3
12/25/2011] 35926 21663 0 54696 2893 1
12/26/2011] 35925 18990 0 51306 3609 2
12/27/2011] 35925 7714 0 56422 -12783 -6
12/28/2011] 35925 23081 0 51300 7706 3
12/29/2011| 35924 19091 0 52979 2036 1
12/30/2011 35924 14600 0 51525 -1001 0
12/31/2011] 35925 9599 1728 47974 =722 0

Table H.2. The system ET for 2012 until May 22 wadetermined using the following data.
System ET was later used in order to determine thevater use coefficient for the CWTS at
JEC.

Date RAW FGD Precip. LS ETqys ETqys
(gal) (gal) (gal) (gal) (gal) (mm)
1/1/2012 35925 14962 0 39254 11633 5
1/2/2012 35875 23989 0 51306 8558 4
1/3/2012 35925 24987 0 56576 4336 2
1/4/2012 35925 21175 0 57286 -186 0
1/5/2012 35924 19344 0 53067 2201 1
1/6/2012 35925 16066 0 49469 2522 1
1/7/2012 35924 17143 0 48186 4881 2
1/8/2012 35925 17093 0 54230 -1212 -1
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1/9/2012
1/10/2012
1/11/2012
1/12/2012
1/13/2012
1/14/2012
1/15/2012
1/16/2012
1/17/2012
1/18/2012
1/19/2012
1/20/2012
1/21/2012
1/22/2012
1/23/2012
1/24/2012
1/25/2012
1/26/2012
1/27/2012
1/28/2012
1/29/2012
1/30/2012
1/31/2012

2/1/2012

2/2/2012

2/3/2012
2/4/2012
2/5/2012
2/6/2012
2/7/2012
2/8/2012
2/9/2012
2/10/2012
2/11/2012
2/12/2012
2/13/2012
2/14/2012
2/15/2012
2/16/2012
2/17/2012
2/18/2012
2/19/2012

35925
35923
35925
35925
35925
35924
35924
35925
35925
35925
35925
35924
35925
35725
35924
35925
35924
35925
35925
35875
35925
35924
35925
35925
35926
35825
35924
35449
35925
35875
35924
29091
17962
17961
17961
17961
17961
17961
17961
17961
17961
17962

33634
19679
29544
18773
31522
16877
20222
19486
23079
24018
23805
28845
23265
26187
20268
31035
18973
16451
14102
16774
18179
16649
13982
12456
16420
26858
18262
19148
21991
19094
24899
6928
10266
9855
14666
19327
15692
17014
6272
13471
17935
13249

52616
55620
53166
42175
53933
56201
57378
60116
48867
47165
54845
46140
50384
62137
60868
60707
63037
56333
50258
45039
52103
50674
52684
31826
29498
98964
85590
60584
53791
54562
55438
53091
35319
18847
21205
28364
47708
53827
43589
35712
34091
32097

16943

12303
12523
13514
-3400
-1232
-4705
10137
12778
4885
18629
8806
927
-4676
6253
-8140
-3957
-231
7610
2001
1899
-2777
16555
22848
14982
-22189
-5987
4701
407
5385
-17073
-7092
8969
11422
9499
-12903
-17700
-19356
-4280
1805
-887

10

-10
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2/20/2012
2/21/2012
2/22/2012
2/23/2012
2/24/2012
2/25/2012
2/26/2012
2/27/2012
2/28/2012
2/29/2012
3/1/2012

3/2/2012

3/3/2012

3/4/2012

3/5/2012

3/6/2012

3/7/2012

3/8/2012

3/9/2012

3/10/2012
3/11/2012
3/12/2012
3/13/2012
3/14/2012
3/15/2012
3/16/2012
3/17/2012
3/18/2012
3/19/2012
3/20/2012
3/21/2012
3/22/2012
3/23/2012
3/24/2012
3/25/2012
3/26/2012
3/27/2012
3/28/2012
3/29/2012
3/30/2012
3/31/2012
4/1/2012

13920
18116
11969
12680
18306
16158
18484
18548
14035
9048
9059
18090
18311
10055
14657
4516
8891
18086
8263
13539
9745
11772
11771
18676
18676
18545
14492
12977
19521
18421
18330
20706
20004
19123
19256
19560
747
0
0
0
10207
12167

10944
576
1728

32961
48817
50156
33429
27918
29526
29781
27857
33718
29380
23117
26720
24064
25287
23075
22690
27083
16049
20640
22782
39154
38403
27967
27584
30945
28594
28779
28532
48850
50587
56443
87973
64363
37272
31507
36420
32788
14077
7311
2784
490
2462

9865
-12164
-18498
-2789
8349
4593
6665
8652
3462
-2370
3904
12787
12208
2729
9543
213
-231
22301
5584
8718
6283
-2910
1765
9053
5693
7952
-202
2241
21503
2251
9744
-38322
-19446
3308
7477
1141
-32041
-13501
6735
2781
20516
21893
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4/2/2012
4/3/2012
4/4/2012
4/5/2012
4/6/2012
4/7/2012
4/8/2012
4/9/2012
4/10/2012
4/11/2012
4/12/2012
4/13/2012
4/14/2012
4/15/2012
4/16/2012
4/17/2012
4/18/2012
4/19/2012
4/20/2012
4/21/2012
4/22/2012
4/23/2012
4/24/2012
4/25/2012
4/26/2012
4/27/2012
4/28/2012
4/29/2012
4/30/2012
5/1/2012
5/2/2012
5/3/2012
5/4/2012
5/5/2012
5/6/2012
5/7/2012
5/8/2012
5/9/2012
5/10/2012
5/11/2012
5/12/2012
5/13/2012

18002
17717
17599
18002
13064
18002
18002
15730
18002
18002
18002
18002
12000
18002
15928
18002
18002
18002
18002
12013
18002
14046
16863
15499
8677
12485
18002
12125
13301
16992
18002
16667
15954
16387
9102
18002
16740
14641
11982
18002
15922
8902

18002
17642
17548
18002
13030
18002
18003
15641
18002
18002
18002
18003
11939
18002
15907
18003
18003
18003
18001
11899
18003
13976
16713
15373
8609
12415
18002
11946
13157
16885
18005
16603
15862
16369
9058
18002
16686
13870
11957
18003
15889
8846

6162
18323
29787
38434
27428
33001
30740
23509
19166
23492
27292
28400
31414
43094
21981
24314
18423
19820
26393
18307
10806
15287
13224
13241
10980
10009
13034
66798
29118
21581
22353
22454
17906
17753
19638
21752
13859
13319
12540
11886
31558
19811

29842
17036
15727
-127
-1335
19130
5265
7861
16838
12512
13319
7604
1165
-755
9854
11690
17581
16184
9610
5605
25198
12734
20352
17631
6306
14891
24121
-42727
-2661
12296
14805
11391
13910
15003
-1478
14251
19566
15191
11399
24118
253
-2064

13
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5/14/2012 17942 17899 0 13293 22548 10
5/15/2012 11326 11239 0 12632 9933 4
5/16/2012 15139 15103 0 5965 24277 11
5/17/2012 16979 16944 0 7349 26574 12
5/18/2012 15079 15017 0 8230 21866 10
5/19/2012 16105 16028 0 6651 25482 11
5/20/2012 11984 11931 0 8917 14998 7
5/21/2012 14262 14211 0 6652 21821 10
5/22/2012 18002 18002 0 4669 31334 14

Table H.3. Daily reference ET values were calculateusing the FAO56 Penman-Monteith
method for 2011. Weather data from the VantagePro?' did not start collecting data until
April 7, 2011; therefore, the bold red values repreent Manhattan’'s weather data taken
from the Kansas State Weather Data Library, beginnag on January 27, 2011 due to
technical difficulties from the first of January to this date.
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Date MaxT MinT Precip. Wind Sol_:;tr . Max RH Min RH ET,
(°C) (°C) (mm) (m/s) (MJ m*d?) (%) (%) (mm/day)

1/27/2011 10 -6 0 2 13 92 53 1.33
1/28/2011 15 -3 0 2 12 99 41 1.46
1/29/2011 8 -3 0 2 9 98 59 1.06
1/30/2011 0 -7 0 4 10 93 55 0.90
1/31/2011 -3 -13 0 4 2 99 82 0.38
2/1/2011 -12 -15 2 7 4 92 80 0.30
2/2/2011 -10 -19 0 4 11 84 49 0.61
2/3/2011 -4 -20 0 2 15 86 35 0.85
2/4/2011 8 -13 0 S 14 73 29 1.37
2/5/2011 8 -6 0 2 11 88 56 1.20
2/6/2011 4 -1 0 4 5 87 74 0.91
2/7/2011 0 -9 0 4 11 86 51 1.05
2/8/2011 -9 -16 4 4 5 89 65 0.49
2/9/2011 -4 -17 0 2 14 89 38 0.83
2/10/2011 -3 -19 0 S 15 82 42 0.95
2/11/2011 5 -10 0 3 14 86 49 1.34
2/12/2011 10 -3 0 S 16 87 89 1.94
2/13/2011 17 1 0 2 16 84 28 2.67
2/14/2011 12 -2 0 1 10 82 39 1.55
2/15/2011 15 -2 0 2 17 100 54 1.72
2/16/2011 21 -2 0 2 13 100 32 2.74
2/17/2011 22 8 0 5 14 88 23 4.40
2/18/2011 14 -2 0 1 14 84 23 1.95
2/19/2011 12 5 0 3 7 89 52 1.66
2/20/2011 22 -2 0 5 12 90 22 4.74




2/21/2011
2/22/2011
2/23/2011
2/24/2011
2/25/2011
2/26/2011
2/27/2011
2/28/2011
3/1/2011
3/2/2011
3/3/2011
3/4/2011
3/5/2011
3/6/2011
3/7/2011
3/8/2011
3/9/2011
3/10/2011
3/11/2011
3/12/2011
3/13/2011
3/14/2011
3/15/2011
3/16/2011
3/17/2011
3/18/2011
3/19/2011
3/20/2011
3/21/2011
3/22/2011
3/23/2011
3/24/2011
3/25/2011
3/26/2011
3/27/2011
3/28/2011
3/29/2011
3/30/2011
3/31/2011
4/1/2011
4/2/2011
4/3/2011
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4/4/2011
4/5/2011
4/6/2011
4/7/2011
4/8/2011
4/9/2011
4/10/2011
4/11/2011
4/12/2011
4/13/2011
4/14/2011
4/15/2011
4/16/2011
4/17/2011
4/18/2011
4/19/2011
4/20/2011
4/21/2011
4/22/2011
4/23/2011
4/24/2011
4/25/2011
4/26/2011
4/27/2011
4/28/2011
4/29/2011
4/30/2011
5/1/2011
5/2/2011
5/3/2011
5/4/2011
5/5/2011
5/6/2011
5/7/2011
5/8/2011
5/9/2011
5/10/2011
5/11/2011
5/12/2011
5/13/2011
5/14/2011
5/15/2011
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5/16/2011
5/17/2011
5/18/2011
5/19/2011
5/20/2011
5/21/2011
5/22/2011
5/23/2011
5/24/2011
5/25/2011
5/26/2011
5/27/2011
5/28/2011
5/29/2011
5/30/2011
5/31/2011
6/1/2011
6/2/2011
6/3/2011
6/4/2011
6/5/2011
6/6/2011
6/7/2011
6/8/2011
6/9/2011
6/10/2011
6/11/2011
6/12/2011
6/13/2011
6/14/2011
6/15/2011
6/16/2011
6/17/2011
6/18/2011
6/19/2011
6/20/2011
6/21/2011
6/22/2011
6/23/2011
6/24/2011
6/25/2011
6/26/2011
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6/27/2011
6/28/2011
6/29/2011
6/30/2011
7/1/2011
7/2/2011
7/3/2011
7/4/2011
7/5/2011
7/6/2011
7/7/2011
7/8/2011
7/9/2011
7/10/2011
7/11/2011
7/12/2011
7/13/2011
7/14/2011
7/15/2011
7/16/2011
7/17/2011
7/18/2011
7/19/2011
7/20/2011
7/21/2011
7/22/2011
7/23/2011
7/24/2011
7/25/2011
7/26/2011
7/27/2011
7/28/2011
7/29/2011
7/30/2011
7/31/2011
8/1/2011
8/2/2011
8/3/2011
8/4/2011
8/5/2011
8/6/2011
8/7/2011
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8/8/2011
8/9/2011
8/10/2011
8/11/2011
8/12/2011
8/13/2011
8/14/2011
8/15/2011
8/16/2011
8/17/2011
8/18/2011
8/19/2011
8/20/2011
8/21/2011
8/22/2011
8/23/2011
8/24/2011
8/25/2011
8/26/2011
8/27/2011
8/28/2011
8/29/2011
8/30/2011
8/31/2011
9/1/2011
9/2/2011
9/3/2011
9/4/2011
9/5/2011
9/6/2011
9/7/2011
9/8/2011
9/9/2011
9/10/2011
9/11/2011
9/12/2011
9/13/2011
9/14/2011
9/15/2011
9/16/2011
9/17/2011
9/18/2011
9/19/2011

30

20

27

90

61

5.62

4.44




9/20/2011
9/21/2011
9/22/2011
9/23/2011
9/24/2011
9/25/2011
9/26/2011
9/27/2011
9/28/2011
9/29/2011
9/30/2011
10/1/2011
10/2/2011
10/3/2011
10/4/2011
10/5/2011
10/6/2011
10/7/2011
10/8/2011
10/9/2011
10/10/2011

10/31/2011 22 5 0 1 15 66 26 2.38




11/1/2011
11/2/2011
11/3/2011
11/4/2011
11/5/2011
11/6/2011
11/7/2011
11/8/2011
11/9/2011

12/1/2011
12/2/2011
12/3/2011
12/4/2011
12/5/2011
12/6/2011
12/7/2011
12/8/2011
12/9/2011

12/14/2011] 17 5 18 3 16 98 77 0.98




12/15/2011
12/16/2011
12/17/2011
12/18/2011
12/19/2011
12/20/2011
12/21/2011
12/22/2011
12/23/2011
12/24/2011
12/25/2011
12/26/2011
12/27/2011
12/28/2011
12/29/2011
12/30/2011
12/31/2011

P 0© 060 090 00 oWopo ® o © o O

O AN LW P UNLPE U P s

10

92
88
100
83
94
95
95
92
92
88
88
88
81
81
84
79
88

58
60
49
50
73
91
74
66
53
49
43
65
52
48
55
30
41

0.98
0.52
0.71
1.85
0.81
0.26
0.44
0.67
0.70
0.87
0.85
0.64
131
1.19
1.03
2.38
2.59

Table H.4. Daily reference ET values were calculateusing the FAO56 Penman-Monteith
method for 2012.

Date MaxT MinT Precip. Wind SO|_;JI’ . Max RH  Min RH ET,
(°C) (°C) (mm) (m/s) (MJ m*d”) (%) (%) (mm/day)
1/1/2012 7 -2 0 6 8 75 33 2.14
1/2/2012 2 -7 0 2 4 68 24 1.20
1/3/2012 6 -6 0 2 7 71 44 1.22
1/4/2012 13 1 0 3 8 78 32 2.04
1/5/2012 18 0 0 2 8 87 27 2.08
1/6/2012 14 3 0 3 8 75 30 2.19
1/7/2012 8 -2 0 1 7 67 41 1.03
1/8/2012 7 0 0 1 8 76 53 0.81
1/9/2012 11 -4 0 1 7 89 41 0.97
1/10/2012 14 0 0 1 6 81 35 1.15
1/11/2012 6 -4 0 6 10 85 64 0.63
1/12/2012 -4 -10 0 5 7 69 50 1.02
1/13/2012 2 -12 0 1 4 60 34 1.66
1/14/2012 8 0 0 3 7 70 38 1.09
1/15/2012 20 -1 0 5 9 71 17 3.43
1/16/2012 9 -2 0 3 10 92 56 151
1/17/2012 -2 -9 0 4 7 81 59 0.76
1/18/2012 5 -11 0 4 8 85 39 1.47
1/19/2012 0 -11 0 3 9 80 52 0.94
1/20/2012 -4 -12 0 3 8 78 66 0.63




1/21/2012
1/22/2012
1/23/2012
1/24/2012
1/25/2012
1/26/2012
1/27/2012
1/28/2012
1/29/2012
1/30/2012
1/31/2012
2/1/2012
2/2/2012
2/3/2012
2/4/2012
2/5/2012
2/6/2012
2/7/2012
2/8/2012
2/9/2012
2/10/2012
2/11/2012
2/12/2012
2/13/2012
2/14/2012
2/15/2012
2/16/2012
2/17/2012
2/18/2012
2/19/2012
2/20/2012
2/21/2012
2/22/2012
2/23/2012
2/24/2012
2/25/2012
2/26/2012
2/27/2012
2/28/2012
2/29/2012
3/1/2012
3/2/2012

15

10

12

21

16

11

14

10

12

13

13

11

14

10

14

11

11

11

16

13

10

12

12

12

12

93

86

90

83

73

73

95

94

94

93

73

96

96

82

82

93

76

93

83

64

92

54

45

34

22

23

26

48

51

59

73

34

79

83

50

39

38

58

45

36

37

27

2.28

1.70

1.95

2.04

4.04

1.36

1.89

1.23

1.01

0.89

1.01

0.82

0.93

2.00

1.90

2.34

2.46

1.68

191

3.44

2.69
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3/3/2012
3/4/2012
3/5/2012
3/6/2012
3/7/2012
3/8/2012
3/9/2012
3/10/2012
3/11/2012
3/12/2012
3/13/2012
3/14/2012
3/15/2012
3/16/2012
3/17/2012
3/18/2012
3/19/2012
3/20/2012
3/21/2012
3/22/2012
3/23/2012
3/24/2012
3/25/2012
3/26/2012
3/27/2012
3/28/2012
3/29/2012
3/30/2012
3/31/2012
4/1/2012
4/2/2012
4/3/2012
4/4/2012
4/5/2012
4/6/2012
4/7/2012
4/8/2012
4/9/2012
4/10/2012
4/11/2012
4/12/2012
4/13/2012

17

21

11

19

24

28

25

23

14

17

24

26

26

26

32

22

16

18

22

15

24

16

15

19

13

15

13

12

16

12

10

11

13

10

10

16

18

21

22

21

19

16

16

17

19

21

18

19

17

13

10

18

70

68

86

72

95

91

96

81

96

96

94

75

85

96

94

90

95

94

72

50

86

34

37

26

26

31

45

60

68

88

62

39

42

37

35

32

57

59

38

32

34

37

3.52

541

2.28

3.77

4.26

4.94

3.96

4.36

2.33

2.64

2.88

5.37

4.19

3.83

6.21

3.47

281

3.45

3.04

2.51

4.42
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4/14/2012
4/15/2012
4/16/2012
4/17/2012
4/18/2012
4/19/2012
4/20/2012
4/21/2012
4/22/2012
4/23/2012
4/24/2012
4/25/2012
4/26/2012
4/27/2012
4/28/2012
4/29/2012
4/30/2012
5/1/2012
5/2/2012
5/3/2012
5/4/2012
5/5/2012
5/6/2012
5/7/2012
5/8/2012
5/9/2012
5/10/2012
5/11/2012
5/12/2012
5/13/2012
5/14/2012
5/15/2012
5/16/2012
5/17/2012
5/18/2012
5/19/2012
5/20/2012
5/21/2012
5/22/2012

23
22
18
22
24
23
16
22
17
20
33
34
26
19
20
15
19
28
28
29
32
31
25
22
23
22
27
25
18
24
26
30
27
30
30
30
24
24
18

25
23
15
16
18
20
14
13
12
12
16
17
16
21
24
30
30
31
31
29
29
28
27
24
18
17
21
21
23
21
20
19
15
18
20
21
20
16

94
88
83
76
80
83
82
76
76
82
77
85
56
93
93
96
97
95
87
91
93
96
91
92
83
74
75
88
85
81
80
77
56
65
75
67
91
71
67

74
34
43
44
47
52
35
37
33
35
25
25
39
58
52
85
80
65
65
67
55
58
71
39
27
34
45
45
52
40
34
26
23
33
41
43
47
33
49

3.90
5.76
3.69
4.18
4.54
4.60
3.44
3.67
3.95
2.48
5.90
6.27
5.18
3.86
4.12
3.43
4.14
5.50
5.95
5.50
6.21
5.94
477
5.03
4.06
3.53
5.22
4.13
3.85
3.78
3.66
4.85
4.86
6.66
6.70
7.60
4.27
3.89
2.80

Table H.5. Daily reference ET values were calculateusing the Hargreaves method for

2011. Weather data from the VantagePro2™ did nottart collecting data until April 7,
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2011; therefore, the bold red values represent Marditan’s weather data taken from the

Kansas State Weather Data Library, beginning on Janary 27, 2011 due to technical
difficulties from the first of January to this date.

Date MaxT MinT MeanT Sol_:;tr . ET,
(°C) (°C) (°C) (MJ m“d") (mm/day)

1/27/2011 10 -6 2 17.11 3.07
1/28/2011 15 -3 6 17.28 3.92
1/29/2011 8 -3 2 17.44 2.74
1/30/2011 0 -7 -4 17.61 1.47
1/31/2011 -3 -13 -8 17.79 1.31
2/1/2011 -12 -15 -13 17.97 0.32
2/2/2011 -10 -19 -15 18.15 0.41
2/3/2011 -4 -20 -12 18.33 0.98
2/4/2011 3 -13 -5 18.52 2.11
2/5/2011 8 -6 1 18.71 2.94
2/6/2011 4 -1 2 18.90 1.73
2/7/2011 0 -9 -4 19.10 1.73
2/8/2011 -9 -16 -12 19.30 0.66
2/9/2011 -4 -17 -10 19.51 1.16
2/10/2011 -3 -19 -11 19.71 1.27
2/11/2011 5 -10 -2 19.92 2.77
2/12/2011 10 -3 3 20.13 3.49
2/13/2011 17 1 9 20.35 5.05
2/14/2011 12 -2 5 20.56 411
2/15/2011 15 -2 7 20.78 4.78
2/16/2011 21 -2 9 21.01 6.25
2/17/2011 22 8 15 21.23 6.05
2/18/2011 14 -2 6 21.46 4.80
2/19/2011 12 5 8 21.68 3.42
2/20/2011 22 -2 10 21.91 6.87
2/21/2011 1 -8 -4 22.15 2.21
2/22/2011 7 -10 -1 22.38 3.50
2/23/2011 15 -2 7 22.62 5.24
2/24/2011 2 -6 -2 22.86 2.36
2/25/2011 -5 -10 -8 23.10 1.24
2/26/2011 -1 -8 -4 23.34 1.94
2/27/2011 2 -1 1 23.58 1.73
2/28/2011 7 -6 1 23.82 3.65
3/1/2011 19 1 10 24.07 6.55
3/2/2011 8 -6 1 24.31 3.95
3/3/2011 20 1 10 24.56 6.91
3/4/2011 6 -5 0 24.81 3.33
3/5/2011 5 -8 -1 25.06 3.38
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3/6/2011
3/7/2011
3/8/2011
3/9/2011
3/10/2011
3/11/2011
3/12/2011
3/13/2011
3/14/2011
3/15/2011
3/16/2011
3/17/2011
3/18/2011
3/19/2011
3/20/2011
3/21/2011
3/22/2011
3/23/2011
3/24/2011
3/25/2011
3/26/2011
3/27/2011
3/28/2011
3/29/2011
3/30/2011
3/31/2011
4/1/2011
4/2/2011
4/3/2011
4/4/2011
4/5/2011
4/6/2011
4/7/2011
4/8/2011
4/9/2011
4/10/2011
4/11/2011
4/12/2011
4/13/2011
4/14/2011
4/15/2011
4/16/2011

19

35.07

9.16
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4/17/2011
4/18/2011
4/19/2011
4/20/2011
4/21/2011
4/22/2011
4/23/2011
4/24/2011
4/25/2011
4/26/2011
4/27/2011
4/28/2011
4/29/2011
4/30/2011
5/1/2011
5/2/2011
5/3/2011
5/4/2011
5/5/2011
5/6/2011
5/7/2011
5/8/2011
5/9/2011
5/10/2011
5/11/2011
5/12/2011
5/13/2011
5/14/2011
5/15/2011
5/16/2011
5/17/2011
5/18/2011
5/19/2011
5/20/2011
5/21/2011
5/22/2011
5/23/2011
5/24/2011
5/25/2011
5/26/2011
5/27/2011
5/28/2011

23

17

19

41.01

8.55
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5/29/2011
5/30/2011
5/31/2011
6/1/2011
6/2/2011
6/3/2011
6/4/2011
6/5/2011
6/6/2011
6/7/2011
6/8/2011
6/9/2011
6/10/2011
6/11/2011
6/12/2011
6/13/2011
6/14/2011
6/15/2011
6/16/2011
6/17/2011
6/18/2011
6/19/2011
6/20/2011
6/21/2011
6/22/2011
6/23/2011
6/24/2011
6/25/2011
6/26/2011
6/27/2011
6/28/2011
6/29/2011
6/30/2011
7/1/2011
7/2/2011
7/3/2011
7/4/2011
7/5/2011
7/6/2011
7/7/2011
7/8/2011
7/9/2011 32 21 27 41.25 13.83
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7/10/2011
7/11/2011
7/12/2011
7/13/2011
7/14/2011
7/15/2011
7/16/2011
7/17/2011
7/18/2011
7/19/2011
7/20/2011
7/21/2011
7/22/2011
7/23/2011
7/24/2011
7/25/2011
7/26/2011
7/27/2011
7/28/2011
7/29/2011
7/30/2011
7/31/2011
8/1/2011
8/2/2011
8/3/2011
8/4/2011
8/5/2011
8/6/2011
8/7/2011
8/8/2011
8/9/2011
8/10/2011
8/11/2011
8/12/2011
8/13/2011
8/14/2011
8/15/2011
8/16/2011
8/17/2011
8/18/2011
8/19/2011
8/20/2011

27

19

23

35.87

9.50
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8/21/2011
8/22/2011
8/23/2011
8/24/2011
8/25/2011
8/26/2011
8/27/2011
8/28/2011
8/29/2011
8/30/2011
8/31/2011
9/1/2011
9/2/2011
9/3/2011
9/4/2011
9/5/2011
9/6/2011
9/7/2011
9/8/2011
9/9/2011
9/10/2011
9/11/2011
9/12/2011
9/13/2011
9/14/2011
9/15/2011
9/16/2011
9/17/2011
9/18/2011
9/19/2011
9/20/2011
9/21/2011
9/22/2011
9/23/2011
9/24/2011
9/25/2011
9/26/2011
9/27/2011
9/28/2011
9/29/2011
9/30/2011
10/1/2011

23

10

16

26.26

7.26
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10/2/2011
10/3/2011
10/4/2011
10/5/2011
10/6/2011
10/7/2011
10/8/2011
10/9/2011
10/10/2011

10/31/2011]
11/1/2011
11/2/2011
11/3/2011
11/4/2011
11/5/2011
11/6/2011
11/7/2011
11/8/2011
11/9/2011

11/12/2011] 18 5 10 17.15 4.02
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11/30/2011]
12/1/2011
12/2/2011
12/3/2011
12/4/2011
12/5/2011
12/6/2011
12/7/2011
12/8/2011
12/9/2011

13.99

2.19
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12/25/2011 10 -4 3 14.01 2.50
12/26/2011 7 -3 2 14.04 2.05
12/27/2011 7 0 3 14.07 1.88
12/28/2011 10 -1 3 14.10 2.24
12/29/2011 11 0 6 14.14 2.54
12/30/2011 13 8 14.18 2.58
12/31/2011 16 3 9 14.22 3.07

Table H.6. Daily reference ET values were calculateusing the Hargreaves method for
2012.

Date MaxT MinT MeanT Sol_zzir . ET,
(°C) (°C) (°C) (MJ m“d") (mm/day)
1/1/2012 7 -2 3 14.28 2.07
1/2/2012 2 -7 -2 14.33 1.61
1/3/2012 6 -6 0 14.39 2.00
1/4/2012 13 1 6 14.46 2.77
1/5/2012 18 0 8 14.52 3.70
1/6/2012 14 3 7 14.60 2.84
1/7/2012 8 -2 3 14.67 2.19
1/8/2012 7 0 3 14.76 1.80
1/9/2012 11 -4 3 14.84 2.83
1/10/2012 14 0 8 14.93 3.26
1/11/2012 6 -4 1 15.03 2.05
1/12/2012 -4 -10 -7 15.13 0.94
1/13/2012 2 -12 -5 15.23 1.69
1/14/2012 8 0 4 15.34 2.20
1/15/2012 20 -1 7 15.45 4.04
1/16/2012 9 -2 6 15.57 2.73
1/17/2012 -2 -9 -6 15.69 1.12
1/18/2012 5 -11 -2 15.81 2.26
1/19/2012 0 -11 -7 15.94 1.34
1/20/2012 -4 -12 -8 16.07 0.93
1/21/2012 -2 -12 -7 16.21 1.25
1/22/2012 15 -5 5 16.35 3.86
1/23/2012 7 1 3 16.50 1.91
1/24/2012 10 -4 3 16.64 2.91
1/25/2012 11 0 5 16.80 2.82
1/26/2012 12 -1 5 16.95 3.23
1/27/2012 7 -3 2 17.11 2.49
1/28/2012 9 -6 0 17.28 2.84
1/29/2012 12 -4 5 17.44 3.64
1/30/2012 21 4 10 17.61 4,71
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1/31/2012
2/1/2012
2/2/2012
2/3/2012
2/4/2012
2/5/2012
2/6/2012
2/7/2012
2/8/2012
2/9/2012

2/10/2012

2/11/2012

2/12/2012

2/13/2012

2/14/2012

2/15/2012

2/16/2012

2/17/2012

2/18/2012

2/19/2012

2/20/2012

2/21/2012

2/22/2012

2/23/2012

2/24/2012

2/25/2012

2/26/2012

2/27/2012

2/28/2012

2/29/2012
3/1/2012
3/2/2012
3/3/2012
3/4/2012
3/5/2012
3/6/2012
3/7/2012
3/8/2012
3/9/2012

3/10/2012

3/11/2012

3/12/2012 24 8 14 27.07 7.76
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3/13/2012
3/14/2012
3/15/2012
3/16/2012
3/17/2012
3/18/2012
3/19/2012
3/20/2012
3/21/2012
3/22/2012
3/23/2012
3/24/2012
3/25/2012
3/26/2012
3/27/2012
3/28/2012
3/29/2012
3/30/2012
3/31/2012
4/1/2012

4/2/2012

4/3/2012

4/4/2012

4/5/2012

4/6/2012

4/7/2012

4/8/2012

4/9/2012

4/10/2012
4/11/2012
4/12/2012
4/13/2012
4/14/2012
4/15/2012
4/16/2012
4/17/2012
4/18/2012
4/19/2012
4/20/2012
4/21/2012
4/22/2012
4/23/2012

20

14

36.61

10.57
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4/24/2012 33 11 20 36.79 15.06
4/25/2012 34 16 25 36.97 15.34
4/26/2012 26 17 22 37.14 10.02
4/27/2012 19 14 17 37.32 6.91
4/28/2012 20 10 15 37.49 9.09
4/29/2012 15 12 13 37.65 5.06
4/30/2012 19 11 14 37.81 8.19
5/1/2012 28 14 21 37.97 12.23
5/2/2012 28 20 23 38.13 10.12
5/3/2012 29 17 23 38.28 12.38
5/4/2012 32 21 26 38.43 12.54
5/5/2012 31 20 25 38.58 12.33
5/6/2012 25 17 22 38.73 10.23
5/7/2012 22 12 17 38.87 9.55
5/8/2012 23 9 16 39.01 11.03
5/9/2012 22 9 15 39.14 10.92
5/10/2012 27 12 21 39.27 13.87
5/11/2012 25 15 20 39.40 10.37
5/12/2012 18 9 14 39.53 8.60
5/13/2012 24 12 18 39.65 10.94
5/14/2012 26 14 20 39.77 12.32
5/15/2012 30 14 22 39.88 14.80
5/16/2012 27 12 20 39.99 13.32
5/17/2012 30 15 22 40.10 14.58
5/18/2012 30 18 24 40.21 13.36
5/19/2012 30 21 25 40.31 11.83
5/20/2012 24 12 18 40.41 11.46
5/21/2012 24 10 17 40.51 12.35
5/22/2012 18 13 15 40.60 7.15

Table H.7. Two water use coefficients (§ were determined by dividing the system ET
from both the FAO56 Penman-Monteith and Hargreaveseference ET values from
January 27, 2011 to May 22, 2012. From January btlanuary 27, there was missing

weather data creating the error message #DIV/0!.

Date ETact FAO56 ET, Hargreaves EJ | FAO56K, | Hargreaves K
(mm/day) (mm/day) (mm/day) (mm/mm) (mm/mm)
1/1/2011 0.00 0.00 0.00 #DIV/0! #DIV/0!
1/2/2011 0.00 0.00 0.00 #DIV/O! #DIV/O!
1/3/2011 0.00 0.00 0.00 #DIV/0! #DIV/O0!
1/4/2011 0.00 0.00 0.00 #DIV/O! #DIV/O!
1/5/2011 0.00 0.00 0.00 #DIV/0! #DIV/0!
1/6/2011 0.00 0.00 0.00 #DIV/O! #DIV/O!
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1/7/2011
1/8/2011
1/9/2011
1/10/2011
1/11/2011
1/12/2011
1/13/2011
1/14/2011
1/15/2011
1/16/2011
1/17/2011
1/18/2011
1/19/2011
1/20/2011
1/21/2011
1/22/2011
1/23/2011
1/24/2011
1/25/2011
1/26/2011
1/27/2011
1/28/2011
1/29/2011
1/30/2011
1/31/2011
2/1/2011
2/2/2011
2/3/2011
2/4/2011
2/5/2011
2/6/2011
2/7/2011
2/8/2011
2/9/2011
2/10/2011
2/11/2011
2/12/2011
2/13/2011
2/14/2011
2/15/2011
2/16/2011
2/17/2011

0.39
0.00
1.02
0.51
0.00
0.00
0.00
0.00
0.00
0.25
7.59
16.33
5.84
0.00
0.00
0.00
0.00
8.72
13.80
13.80
13.80
20.15
27.25
26.74
27.60
29.63
27.60
27.61
27.50
27.28
13.83
23.61
24.63
13.78
13.78
13.78
13.78
13.78
17.44
20.68
16.35
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.33
1.46
1.06
0.90
0.38
0.30
0.61
0.85
1.37
1.20
0.91
1.05
0.49
0.83
0.95
1.34
1.94
2.67
1.55
1.72
2.74
4.40

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.07
3.92
2.74
1.47
1.31
0.32
0.41
0.98
2.11
2.94
1.73
1.73
0.66
1.16
1.27
2.77
3.49
5.05
411
4.78
6.25
6.05

#DIV/0!
#DIV/O!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/O
11.96
15.89
29.64
34.20
83.37
113.86
52.01
37.44
23.10
26.10
17.56
25.77
57.12
19.04
16.65
11.82
8.18
5.93
12.98
13.83
6.84

0.00

#DIV/0!
#DIV/O!
#DIV/0!
#DIV/0!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
#DIV/0!
#DIV/O!
5.16
591
11.45
20.89
24.30
104.84
76.80
32.28
14.99
10.67
9.20
15.69
42.42
13.66
12.48
5.72
454
3.13
4.88
4.97
3.00
0.00
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2/18/2011
2/19/2011
2/20/2011
2/21/2011
2/22/2011
2/23/2011
2/24/2011
2/25/2011
2/26/2011
2/27/2011
2/28/2011
3/1/2011

3/2/2011

3/3/2011

3/4/2011

3/5/2011

3/6/2011

3/7/2011

3/8/2011

3/9/2011

3/10/2011
3/11/2011
3/12/2011
3/13/2011
3/14/2011
3/15/2011
3/16/2011
3/17/2011
3/18/2011
3/19/2011
3/20/2011
3/21/2011
3/22/2011
3/23/2011
3/24/2011
3/25/2011
3/26/2011
3/27/2011
3/28/2011
3/29/2011
3/30/2011
3/31/2011

521
0.00
0.00
13.95
15.16
16.80
30.33
18.24
20.94
20.93
13.81
14.20
20.68
12.42
13.81
13.81
13.81
14.01
18.59
13.40
6.63
0.69
3.40
5.46
-6.44
1.57
2.02
3.40
-0.78
5.11
-1.50
6.77
7.35
-4.67
2.73
2.55
0.61
2.93
1.90
-4.45
-0.72
4.31

1.95
1.66
4.74
1.59
1.63
2.68
0.70
0.72
0.60
0.69
1.96
2.94
1.68
2.87
1.24
1.86
2.43
1.15
0.70
1.36
2.41
4.26
1.89
1.05
1.49
2.20
4.47
4.95
3.45
1.65
5.68
4.98
7.36
3.71
2.21
0.97
0.86
1.03
0.91
1.44
1.34
1.21

4.80
3.42
6.87
2.21
3.50
5.24
2.36
1.24
1.94
1.73
3.65
6.55
3.95
6.91
3.33
3.38
4.70
2.92
2.05
3.28
6.29
8.60
6.14
2.85
4.13
6.28
9.08
8.56
6.56
4.72
9.85
10.39
10.77
6.47
4.25
3.12
2.33
2.35
3.19
4.49
5.10
5.50

3.08
0.00
0.00
10.11
10.70
7.21
47.94
29.18
40.39
34.67
8.11
5.55
14.12
4.98
12.77
8.54
6.54
13.99
29.57
11.31
3.16
0.19
2.07
5.95
-6.07
0.82
0.52
0.79
-0.26
2.60
-0.30
1.56
1.15
-1.45
1.31
2.96
0.82
3.25
2.26
-3.58
-0.61
3.77

1.25
0.00
0.00
7.26
4.98
3.68
14.19
16.90
12.41
13.91
4.34
2.49
6.01
2.07
4.77
4.70
3.38
5.49
10.07
4.70
1.21
0.09
0.64
2.19
-2.20
0.29
0.26
0.46
-0.14
0.91
-0.17
0.75
0.78
-0.83
0.68
0.92
0.30
1.42
0.65
-1.15
-0.16
0.83
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4/1/2011
4/2/2011
4/3/2011
4/4/2011
4/5/2011
4/6/2011
4/7/2011
4/8/2011
4/9/2011
4/10/2011
4/11/2011
4/12/2011
4/13/2011
4/14/2011
4/15/2011
4/16/2011
4/17/2011
4/18/2011
4/19/2011
4/20/2011
4/21/2011
4/22/2011
4/23/2011
4/24/2011
4/25/2011
4/26/2011
4/27/2011
4/28/2011
4/29/2011
4/30/2011
5/1/2011
5/2/2011
5/3/2011
5/4/2011
5/5/2011
5/6/2011
5/7/2011
5/8/2011
5/9/2011
5/10/2011
5/11/2011
5/12/2011

0.36
0.16
4.18
-0.98
11.74
13.81
0.14
11.56
13.81
12.94
13.81
13.81
13.81
12.68
-0.85
2.13
2.75
1.68
3.84
5.58
5.20
-2.15
1.94
-0.12
10.43
-3.99
7.41
4.81
5.60
4.47
11.45
4.83
6.21
5.66
4.45
10.11
13.26
1.51
10.94
3.60
11.80
6.04

3.54
5.65
10.07
4.42
5.90
5.20
1.76
2.93
3.70
2.76
2.04
1.66
231
2.86
2.89
2.12
2.32
2.51
2.36
2.00
2.34
3.27
2.40
2.39
3.02
2.94
2.70
2.52
2.63
2.27
414
3.83
4.07
7.25
3.42
5.98
5.27
6.81
3.77
4.07
4.05
3.35

8.32
11.09
14.14
6.13
10.55
9.88
3.65
7.02
12.90
11.34
8.68
10.62
10.73
9.92
7.24
9.16
10.68
7.14
4.47
7.32
7.11
8.98
7.03
8.65
4.98
6.99
7.58
10.85
12.00
9.46
8.81
9.98
11.56
13.39
10.44
14.77
13.35
14.20
15.28
13.96
13.17
12.95

0.12
0.03
0.47
-0.26
2.29
3.05
0.09
4.35
4.30
5.40
7.79
9.57
6.86
4.60
-0.72
1.15
1.36
0.77
1.85
3.21
2.56
-1.21
0.93
-0.06
3.40
-1.60
3.16
2.19
2.45
2.27
3.18
1.45
1.76
0.90
1.42
1.82
2.64
0.25
3.34
1.02
3.30
2.01

0.05
0.02
0.34
-0.18
1.28
1.61
0.04
1.82
1.23
1.31
1.83
1.49
1.48
1.32
-0.29
0.27
0.30
0.27
0.98
0.88
0.84
-0.44
0.32
-0.02
2.06
-0.67
1.13
0.51
0.54
0.54
1.49
0.56
0.62
0.49
0.47
0.74
1.04
0.12
0.82
0.30
1.02
0.52
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5/13/2011
5/14/2011
5/15/2011
5/16/2011
5/17/2011
5/18/2011
5/19/2011
5/20/2011
5/21/2011
5/22/2011
5/23/2011
5/24/2011
5/25/2011
5/26/2011
5/27/2011
5/28/2011
5/29/2011
5/30/2011
5/31/2011
6/1/2011
6/2/2011
6/3/2011
6/4/2011
6/5/2011
6/6/2011
6/7/2011
6/8/2011
6/9/2011
6/10/2011
6/11/2011
6/12/2011
6/13/2011
6/14/2011
6/15/2011
6/16/2011
6/17/2011
6/18/2011
6/19/2011
6/20/2011
6/21/2011
6/22/2011
6/23/2011

-0.68
6.26
8.30
2.61
4.34
22.56
-17.34
-3.04
-3.92
4.69
6.82
28.85
-7.27
-64.09
-24.02
5.09
5.71
24.27
-7.50
82.88
-59.01
-60.34
-27.58
-2.74
6.73
8.40
12.43
9.52
5.29
3.76
6.07
7.63
7.50
4.31
7.56
1.86
4.32
-1.14
10.16
4.06
10.31
6.04

2.78
2.29
2.49
2.23
2.35
3.28
5.05
5.74
5.01
3.66
4.11
4.57
3.73
3.17
4.24
4.66
5.47
4.83
3.50
5.12
5.68
4.77
4.42
4.11
4.40
4.36
4.29
451
4.45
3.82
4.68
4.81
5.48
5.21
5.08
6.35
5.15
6.01
7.05
5.53
5.87
4.90

4.33
7.03
6.39
10.16
9.39
8.22
8.00
9.06
11.63
12.33
12.41
9.33
7.70
8.79
5.69
8.55
12.74
13.54
12.75
9.53
11.75
13.58
13.21
13.98
14.79
12.96
16.26
16.33
11.14
10.77
9.98
15.32
13.84
14.83
10.87
14.16
12.44
13.98
15.20
9.52
12.80
13.20

-0.36
3.14
3.83
1.35
2.07
6.95
-4.06
-0.93
-0.90
1.48
1.91
5.94
-4.20
-23.26
-6.55
1.24
1.20
5.28
-2.47
15.88
-11.96
-14.53
-7.17
-0.77
1.76
2.21
3.32
2.34
1.37
1.13
1.46
1.81
1.57
0.95
1.49
0.31
0.25
-0.22
1.58
0.84
2.02
1.42

-0.23
1.02
1.49
0.30
0.52
2.77
-2.56
-0.59
-0.39
0.44
0.63
291
-2.03
-8.38
-4.87
0.68
0.52
1.88
-0.68
8.54
-5.78
-5.11
-2.40
-0.23
0.52
0.74
0.87
0.65
0.55
0.40
0.68
0.57
0.62
0.33
0.70
0.14
0.11
-0.09
0.73
0.49
0.93
0.53
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6/24/2011
6/25/2011
6/26/2011
6/27/2011
6/28/2011
6/29/2011
6/30/2011
7/1/2011
7/2/2011
7/3/2011
7/4/2011
7/5/2011
7/6/2011
7/7/2011
7/8/2011
7/9/2011
7/10/2011
7/11/2011
7/12/2011
7/13/2011
7/14/2011
7/15/2011
7/16/2011
7/17/2011
7/18/2011
7/19/2011
7/20/2011
7/21/2011
7/22/2011
7/23/2011
7/24/2011
7/25/2011
7/26/2011
7/27/2011
7/28/2011
7/29/2011
7/30/2011
7/31/2011
8/1/2011
8/2/2011
8/3/2011
8/4/2011

7.50
9.21
5.10
-5.74
6.62
6.81
6.67
5.05
11.09
1.72
3.33
6.86
2.24
-10.76
1.00
6.02
7.39
8.83
12.43
3.06
8.88
10.59
11.26
11.03
10.53
-2.07
-0.02
-0.03
-0.02
-0.01
1.01
11.43
0.00
0.00
0.00
18.29
2.54
0.51
0.25
0.00
8.49
21.47

5.41
5.22
6.45
5.67
4.99
6.35
8.44
8.23
5.39
5.23
5.58
6.31
5.66
5.28
5.62
6.16
7.11
6.07
6.41
5.43
6.62
7.48
7.16
7.03
6.53
6.99
7.91
7.35
7.57
7.55
6.94
5.61
6.32
9.55
5.96
5.65
6.63
7.15
7.51
7.32
6.06
5.52

13.08
13.05
14.32
12.80
12.52
15.35
17.01
16.07
12.85
10.59
13.01
14.45
12.57
10.59
12.64
13.83
15.86
15.83
16.31
12.69
14.07
15.23
15.61
15.68
15.03
15.73
16.76
15.04
16.29
16.72
17.52
14.70
14.78
16.83
15.56
10.55
13.75
14.86
16.93
15.68
10.96
11.78

1.59
1.79
0.91
-1.23
1.53
1.23
0.91
0.71
2.37
0.38
0.69
1.25
0.43
-2.38
0.19
1.12
1.20
1.67
2.17
0.62
1.54
1.63
1.80
1.80
1.85
-0.34
0.00
0.00
0.00
0.00
0.15
2.04
0.00
0.00
0.00
3.24
0.38
0.07
0.03
0.00
1.61
4.45

0.66
0.72
0.41
-0.55
0.61
0.51
0.45
0.36
0.99
0.19
0.29
0.55
0.20
-1.19
0.09
0.50
0.54
0.64
0.85
0.27
0.73
0.80
0.83
0.81
0.81
-0.15
0.00
0.00
0.00
0.00
0.06
0.78
0.00
0.00
0.00
1.73
0.18
0.03
0.02
0.00
0.89
2.09
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8/5/2011
8/6/2011
8/7/2011
8/8/2011
8/9/2011
8/10/2011
8/11/2011
8/12/2011
8/13/2011
8/14/2011
8/15/2011
8/16/2011
8/17/2011
8/18/2011
8/19/2011
8/20/2011
8/21/2011
8/22/2011
8/23/2011
8/24/2011
8/25/2011
8/26/2011
8/27/2011
8/28/2011
8/29/2011
8/30/2011
8/31/2011
9/1/2011
9/2/2011
9/3/2011
9/4/2011
9/5/2011
9/6/2011
9/7/2011
9/8/2011
9/9/2011
9/10/2011
9/11/2011
9/12/2011
9/13/2011
9/14/2011
9/15/2011

27.32
12.19
-6.94
-0.51
6.86
2.83
4.21
-5.10
-8.29
5.13
2.54
1.33
0.49
2.59
-18.62
-40.55
414
1.88
9.46
5.74
8.93
7.16
10.36
3.54
8.41
3.64
0.26
9.46
12.21
10.34
4.19
5.38
8.16
5.01
-2.53
-3.49
-6.89
-2.86
-1.73
-0.22
-5.13
-3.33

5.70
6.07
5.80
5.62
5.13
4.75
5.14
4.60
5.59
5.57
6.05
6.56
5.65
6.26
5.60
5.44
5.75
6.53
6.71
6.35
4.61
5.64
5.47
5.47
4.94
6.06
6.33
9.34
7.28
5.11
4.74
3.37
3.55
3.49
3.76
4.33
4.29
4.01
6.39
5.14
3.54
2.66

12.48
13.02
13.09
11.84
12.61
10.36
12.87
11.86
13.28
14.06
12.71
14.95
9.82
13.34
11.09
9.50
11.58
11.65
14.12
12.50
10.54
12.78
11.96
10.91
10.54
11.54
12.84
13.69
12.81
10.16
8.55
8.82
8.59
9.32
8.77
9.55
9.24
10.49
12.02
8.48
6.80
4.69

5.33
2.30
-1.38
-0.12
1.53
0.68
0.94
-1.31
-1.71
1.06
0.19
0.23
0.10
0.46
-3.83
-8.59
0.81
0.31
1.61
1.03
2.22
1.45
2.18
0.74
1.96
0.65
0.05
1.16
1.93
2.25
1.02
1.84
2.65
1.65
-0.77
-1.05
-1.95
-0.82
-0.31
-0.05
-1.66
-1.44

2.44
1.07
-0.61
-0.06
0.62
0.31
0.38
-0.51
-0.72
0.42
0.09
0.10
0.06
0.22
-1.93
-4.92
0.40
0.18
0.77
0.53
0.97
0.64
1.00
0.37
0.92
0.34
0.02
0.79
1.10
1.13
0.56
0.70
1.09
0.62
-0.33
-0.48
-0.91
-0.31
-0.17
-0.03
-0.87
-0.82
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9/16/2011
9/17/2011
9/18/2011
9/19/2011
9/20/2011
9/21/2011
9/22/2011
9/23/2011
9/24/2011
9/25/2011
9/26/2011
9/27/2011
9/28/2011
9/29/2011
9/30/2011
10/1/2011
10/2/2011
10/3/2011
10/4/2011
10/5/2011
10/6/2011
10/7/2011
10/8/2011
10/9/2011
10/10/2011
10/11/2011
10/12/2011
10/13/2011
10/14/2011
10/15/2011
10/16/2011
10/17/2011
10/18/2011
10/19/2011
10/20/2011
10/21/2011
10/22/2011
10/23/2011
10/24/2011
10/25/2011
10/26/2011
10/27/2011

-3.59
-7.44
-33.68
-12.33
-3.24
-2.52
-3.19
-11.83
-7.99
-0.18
-4.93
-0.78
0.87
6.90
6.39
0.10
-3.13
-0.30
6.08
-0.57
12.39
5.95
7.03
7.86
-7.36
2.01
-3.51
6.65
2.72
1.14
3.07
3.01
2.86
0.82
2.03
0.96
221
4.32
0.79
0.81
3.28
7.90

2.98
3.26
4.25
4.44
4.89
3.48
3.22
3.60
3.85
2.89
2.88
3.62
2.81
5.15
3.30
3.87
4.46
6.04
6.72
5.80
6.85
6.26
4.25
4.60
3.12
3.82
3.60
3.94
2.88
3.67
3.50
2.61
2.81
2.65
1.88
2.62
2.63
3.26
4.96
5.69
2.61
2.07

4.78
5.14
5.90
9.83
9.02
6.99
8.21
7.63
6.95
6.81
8.41
8.99
10.10
7.88
7.62
7.26
7.91
8.78
9.51
8.11
7.95
6.63
6.19
6.88
5.23
6.58
5.96
6.70
491
7.00
5.46
3.81
3.67
3.68
4.31
6.26
5.95
7.01
7.77
6.54
3.63
3.91

-1.61
-2.68
-9.40
-3.25
-0.79
-0.84
-1.15
-3.79
-2.38
-3.65
-1.98
-0.25
0.36
1.54
2.23
0.03
-0.81
-0.06
1.04
-0.11
2.08
1.09
1.90
1.96
-2.81
0.59
-1.14
1.93
1.07
0.36
1.01
1.30
1.17
0.35
1.24
0.42
0.96
1.52
0.18
0.16
1.43
4.40

-1.01
-1.69
-6.77
-1.47
-0.43
-0.42
-0.45
-1.79
-1.32
-1.55
-0.68
-0.10
0.10
1.01
0.96
0.02
-0.46
-0.04
0.74
-0.08
1.79
1.03
1.31
1.31
-1.68
0.35
-0.69
1.14
0.63
0.19
0.65
0.89
0.89
0.26
0.54
0.18
0.43
0.71
0.12
0.14
1.03
2.33
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10/28/2011
10/29/2011
10/30/2011
10/31/2011
11/1/2011
11/2/2011
11/3/2011
11/4/2011
11/5/2011
11/6/2011
11/7/2011
11/8/2011
11/9/2011
11/10/2011
11/11/2011
11/12/2011
11/13/2011
11/14/2011
11/15/2011
11/16/2011
11/17/2011
11/18/2011
11/19/2011
11/20/2011
11/21/2011
11/22/2011
11/23/2011
11/24/2011
11/25/2011
11/26/2011
11/27/2011
11/28/2011
11/29/2011
11/30/2011
12/1/2011
12/2/2011
12/3/2011
12/4/2011
12/5/2011
12/6/2011
12/7/2011
12/8/2011

1.69
3.34
2.61
1.35
2.23
2.44
2.43
1.27
1.43
1.01
2.10
-8.72
-8.83
26.49
0.92
1.11
0.92
-22.67
-18.74
-1.80
-0.24
0.00
6.55
11.89
2.04
4.82
-1.51
0.93
3.31
0.85
1.38
2.63
0.51
0.97
4.35
3.96
-21.61
76.35
1.13
2.85
2.86
1.09

2.26
4.02
3.29
2.38
3.57
2.53
2.46
2.17
2.45
2.93
2.42
0.88
2.00
1.38
2.32
3.12
2.94
1.92
2.44
1.28
1.76
2.66
2.72
0.77
0.56
0.58
1.54
3.13
1.72
1.81
1.31
0.80
1.78
2.20
1.37
0.62
0.45
0.64
0.45
0.58
0.81
0.62

4.59
5.43
3.79
5.51
5.56
4.53
3.08
4.08
3.62
3.86
3.20
2.47
2.86
3.15
4.05
4.02
3.81
2.98
3.84
2.02
2.79
3.36
4.09
1.17
1.45
1.44
3.71
3.96
3.20
2.86
1.81
2.35
2.11
2.79
2.09
1.77
2.18
1.46
0.79
0.97
1.79
1.69

0.86
0.96
0.91
0.65
0.72
1.06
1.10
0.67
0.67
0.40
0.59
-13.39
-5.46
19.04
0.44
0.41
0.36
-13.56
-8.84
-1.61
-0.18
0.00
2.77
17.82
4.19
7.89
-1.15
0.34
2.01
-0.28
1.21
3.77
0.33
0.51
3.65
7.25
-55.56
-14.43
2.88
5.67
3.97
1.96

0.42
0.71
0.79
0.28
0.46
0.59
0.88
0.36
0.45
0.30
0.44
-4.77
-3.82
8.36
0.25
0.32
0.28
-8.76
-5.61
-1.02
-0.11
0.00
1.84
11.71
1.61
3.17
-0.48
0.27
1.08
-0.18
0.88
1.28
0.28
0.40
2.39
2.56
-11.62
-6.34
1.64
3.37
1.80
0.72
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12/9/2011
12/10/2011
12/11/2011
12/12/2011
12/13/2011
12/14/2011
12/15/2011
12/16/2011
12/17/2011
12/18/2011
12/19/2011
12/20/2011
12/21/2011
12/22/2011
12/23/2011
12/24/2011
12/25/2011
12/26/2011
12/27/2011
12/28/2011
12/29/2011
12/30/2011
12/31/2011

1/1/2012
1/2/2012
1/3/2012
1/4/2012
1/5/2012
1/6/2012
1/7/2012
1/8/2012
1/9/2012

1/10/2012

1/11/2012

1/12/2012

1/13/2012

1/14/2012

1/15/2012

1/16/2012

1/17/2012

1/18/2012

1/19/2012

2.12
241
-0.61
-1.12
10.64
-17.04
-2.17
0.44
2.02
0.16
-2.00
-33.18
-8.00
-3.57
-2.12
2.97
1.11
1.38
-4.90
2.96
0.78
-0.38
-0.18
4.46
3.28
1.66
-0.07
0.84
0.97
1.87
-0.46
6.50
-0.01
4.72
4.80
5.18
-1.30
-0.47
-1.80
3.89
4.90
1.87

0.53
0.87
1.01
1.15
0.60
0.98
0.98
0.52
0.71
1.85
0.81
0.26
0.44
0.67
0.70
0.87
0.85
0.64
1.31
1.19
1.03
2.38
2.59
2.14
1.20
1.22
2.04
2.08
2.19
1.03
0.81
0.97
1.15
0.63
1.02
1.66
1.09
3.43
1.51
0.76
1.47
0.94

1.25
2.07
2.10
1.52
1.39
3.09
1.75
1.83
2.49
3.08
2.01
0.58
1.94
1.41
1.53
2.19
2.50
2.05
1.88
2.24
2.54
2.58
3.07
2.07
1.61
2.00
2.77
3.70
2.84
2.19
1.80
2.83
3.26
2.05
0.94
1.69
2.20
4.04
2.73
1.12
2.26
1.34

4.43
2.83
-0.73
-1.12
16.41
-22.78
-2.54
0.98
3.26
0.10
-4.24

-144.6%

-21.81
-6.21
-3.47
3.90
1.50
2.49
-4.29
2.85
0.87
-0.19
-0.12
2.40
3.15
1.57
-0.04
0.47
0.51
2.08
-0.66
7.71
-0.01
8.66
5.39
3.59
-1.37
-0.16
-1.37
5.85
3.84

2.30

1.86
1.19
-0.35
-0.85
7.14
-7.21
-1.42
0.28
0.93
0.06
-1.71
-65.54
-5.00
-2.93
-1.59
1.54
0.51
0.77
-3.00
1.52
0.35
-0.17
-0.10
2.48
2.34
0.95
-0.03
0.26
0.39
0.98
-0.30
2.64
0.00
2.65
5.88
3.52
-0.68
-0.13
-0.76
3.98
2.50
1.61
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1/20/2012
1/21/2012
1/22/2012
1/23/2012
1/24/2012
1/25/2012
1/26/2012
1/27/2012
1/28/2012
1/29/2012
1/30/2012
1/31/2012
2/1/2012

2/2/2012

2/3/2012

2/4/2012

2/5/2012

2/6/2012

2/7/2012

2/8/2012

2/9/2012

2/10/2012
2/11/2012
2/12/2012
2/13/2012
2/14/2012
2/15/2012
2/16/2012
2/17/2012
2/18/2012
2/19/2012
2/20/2012
2/21/2012
2/22/2012
2/23/2012
2/24/2012
2/25/2012
2/26/2012
2/27/2012
2/28/2012
2/29/2012
3/1/2012

7.14
3.38
0.42
-1.79
2.40
-3.12
-1.52
-0.09
2.92
0.77
0.73
-1.06
6.35
8.76
8.69
-7.98
-2.30
1.84
0.16
2.06
-6.55
-2.72
3.44
4.38
3.68
-4.88
-6.72
-7.42
-1.64
0.69
-0.34
4.41
-4.63
-6.99
-1.07
3.20
1.76
2.56
3.32
1.63
-0.91
1.50

0.63
0.52
2.28
1.11
1.70
1.29
1.95
1.32
2.04
1.58
4.04
2.14
1.36
2.03
1.89
0.71
1.23
1.16
1.01
0.65
0.89
1.30
1.01
1.28
0.82
1.09
0.93
1.12
2.00
1.46
1.90
1.58
2.34
2.26
2.46
2.22
1.68
4.12
1.91
2.77
3.44
3.69

0.93
1.25
3.86
1.91
291
2.82
3.23
2.49
2.84
3.64
4.71
3.31
4.27
3.68
2.48
1.76
2.77
3.50
2.35
1.11
1.94
2.23
1.19
2.22
1.64
3.54
2.06
3.68
4.18
2.85
3.79
2.80
4.15
5.19
4.22
3.63
3.92
5.11
3.81
5.22
4.44
6.51

13.14
7.40
0.18
-1.85
1.63
-2.78
-0.90
-0.08
1.65
0.56
0.21
-0.57
5.37
4.97
3.50
-13.81
-2.15
1.78
0.18
3.68
-8.44
-2.41
3.90
3.92
5.09
-5.20
-8.43
-7.65
-0.94
0.54
-0.21
2.75
-2.29
-3.61
-0.50
1.66
1.20
0.71
2.00
0.55
-0.30
0.47

8.79
3.12
0.11
-1.08
0.95
-1.27
-0.54
-0.04
1.18
0.24
0.18
-0.37
1.71
2.74
2.66
-5.54
-0.95
0.59
0.08
2.15
-3.88
-1.40
3.31
2.27
2.55
-1.61
-3.79
-2.32
-0.45
0.28
-0.10
1.55
-1.29
-1.57
-0.29
1.02
0.52
0.57
1.00
0.29
-0.24
0.26
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3/2/2012
3/3/2012
3/4/2012
3/5/2012
3/6/2012
3/7/2012
3/8/2012
3/9/2012
3/10/2012
3/11/2012
3/12/2012
3/13/2012
3/14/2012
3/15/2012
3/16/2012
3/17/2012
3/18/2012
3/19/2012
3/20/2012
3/21/2012
3/22/2012
3/23/2012
3/24/2012
3/25/2012
3/26/2012
3/27/2012
3/28/2012
3/29/2012
3/30/2012
3/31/2012
4/1/2012
4/2/2012
4/3/2012
4/4/2012
4/5/2012
4/6/2012
4/7/2012
4/8/2012
4/9/2012
4/10/2012
4/11/2012
4/12/2012

5.10
4.68
1.05
3.66
-0.08
-0.09
8.68
2.14
3.34
3.47
-0.78
0.68
3.47
2.18
3.05
-0.08
-0.86
10.13
-0.10
-3.14

-14.07

-7.06
1.47
2.97
0.44
-12.29
-5.14
-2.55
-1.07
7.87
8.40
11.44
6.53
6.63
0.08
-0.51
8.26
2.02
3.01
6.46
4.80
5.37

2.69
1.93
3.52
3.25
5.41
3.77
2.28
2.49
3.77
2.28
4.26
4.34
4.94
4.00
3.96
4.48
4.36
3.15
2.33
2.22
2.64
2.57
2.88
3.30
5.37
4.71
4.19
4.72
3.83
4.75
6.21
7.10
3.47
2.67
2.81
3.31
3.45
2.97
3.04
2.98
251
3.15

4.22
3.93
6.01
6.15
6.07
7.15
4.53
6.66
6.86
3.36
7.76
8.86
8.33
8.11
7.71
7.25
5.32
5.88
2.50
5.14
5.86
6.44
9.53
9.46
9.17
8.37
9.40
9.02
9.73
11.23
11.76
10.39
8.24
4.71
6.22
8.25
6.63
9.13
9.15
8.07
7.11
5.19

2.09
2.79
0.34
1.30
-0.02
-0.03
4.31
0.99
1.02
1.22
-0.30
0.18
0.81
0.63
0.89
-0.02
-0.23
3.01
-0.43
-1.93
-6.39
-3.33
0.51
1.00
0.09
-3.00
-1.42
-0.63
-0.32
1.90
1.55
1.85
2.17
2.60
-0.02
-0.18
2.45
0.78
1.14
2.49
2.20
1.87

1.34
1.37
0.20
0.68
-0.02
-0.01
2.17
0.37
0.56
0.82
-0.17
0.09
0.48
0.31
0.46
-0.01
-0.19
1.61
-0.40
-0.84
-2.88
-1.33
0.15
0.35
0.05
-1.69
-0.63
-0.33
-0.13
0.81
0.82
1.27
0.91
1.47
-0.01
-0.07
1.27
0.25
0.38
0.92
0.78
1.13
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4/13/2012
4/14/2012
4/15/2012
4/16/2012
4/17/2012
4/18/2012
4/19/2012
4/20/2012
4/21/2012
4/22/2012
4/23/2012
4/24/2012
4/25/2012
4/26/2012
4/27/2012
4/28/2012
4/29/2012
4/30/2012
5/1/2012
5/2/2012
5/3/2012
5/4/2012
5/5/2012
5/6/2012
5/7/2012
5/8/2012
5/9/2012
5/10/2012
5/11/2012
5/12/2012
5/13/2012
5/14/2012
5/15/2012
5/16/2012
5/17/2012
5/18/2012
5/19/2012
5/20/2012
5/21/2012
5/22/2012

2.92
0.94
0.07
3.78
4.48
6.74
6.21
3.69
2.15
9.66
4.88
7.80
6.76
2.42
5.71
9.32
-16.39
-1.02
4.72
5.74
4.40
5.33
5.75
-0.57
5.47
7.50
5.83
4.37
9.25
0.10
-0.79
8.65
3.81
9.31
10.19
8.39
9.77
5.75
8.37
12.02

4.42
3.90
5.76
3.69
4.18
4.54
4.60
3.44
3.67
3.95
2.48
5.90
6.27
5.18
3.86
4.12
3.43
4.14
5.50
5.95
5.50
6.21
5.94
477
5.03
4.06
3.53
5.22
4.13
3.85
3.78
3.66
4.85
4.86
6.66
6.70
7.60
4.27
3.89
2.80

10.69
8.04
9.63
7.89
9.67
10.18
10.82
7.23
10.72
8.21
10.57
15.06
15.34
10.02
6.91
9.09
5.06
8.19
12.23
10.12
12.38
12.54
12.33
10.23
9.55
11.03
10.92
13.87
10.37
8.60
10.94
12.32
14.80
13.32
14.58
13.36
11.83
11.46
12.35
7.15

0.76
0.13
-0.06
1.18
1.23
1.71
1.55
1.23
0.67
2.82
2.26
1.52
1.24
0.54
1.70
2.58
-5.49
-0.28
0.99
1.10
0.91
0.99
1.11
-0.14
1.25
2.12
1.90
0.96
2.58
0.03
-0.24
2.72
0.90
2.20
1.76
1.44
1.48
1.55
2.48
4.93

0.31
0.06
-0.03
0.55
0.53
0.76
0.66
0.59
0.23
1.35
0.53
0.60
0.51
0.28
0.95
1.17
-3.73
-0.14
0.44
0.64
0.41
0.49
0.54
-0.06
0.66
0.78
0.61
0.36
1.03
0.01
-0.08
0.81
0.30
0.80
0.80
0.72
0.95
0.58
0.78
1.93
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Appendix | - The Mass Balance

A Microsoft Excel spreadsheet, titled Weekly WaRadget.xlsx, was created and used
to develop a mass balance for the seven main toaists discussed above. Within the
spreadsheet, there were worksheets for each sktren constituents as well as a Daily Flow
and Weekly Flow worksheets. The Daily Flow workethie similar to the water budget
spreadsheet discussed earlier, in which it contaitiaily value of all the water inputs and
outputs of the CWTS. The RAW, FGDWW, and LS (edfit) were input into this spreadsheet
in US gallons, which are converted to liters by tiplfing the US gallons value by 3.785,
because there are 3.785 US gallons in 1 Liter. praeipitation daily values were input into the
spreadsheet as millimeters, so no conversion wadede These daily values were then
converted to weekly values within the Weekly Flowerlsheet.

In the Weekly Flow worksheet, the date is brokewmlanto a 7 day period, representing
a week, in which the first week starts on Janudiy2811, which was a Tuesday. All the weeks
begin on a Tuesday, because all water quality nmeasnts, weather data, effluent flow data,
and water samples were conducted on a TuesdayhédARAW, FGDWW, and LS (effluent)
data was summed up to acquire a weekly value, \ndgrecipitation was also summed up to a
weekly value and converted from millimeters torktéy dividing by 1000, because there is 1000
mm in 1 L. All of these weekly values, RAW, FGDWWS, and Precipitation, were linked to
their own columns in each of the seven workshemtedch constituent.

The water samples taken each week and tested th@A§ determined the
concentration of each concentration for influerAVRand FGDWW, as well as concentrations
for effluent, LS; therefore, a mass balance coeld¢dmpleted to determine how much the
CWTS is removing from the FGD waters. For eachstiarent and the corresponding
worksheet, the mass of the pollutant entering aadihg the CWTS was determined to find the
total amount of the pollutant removed. A weeklygeatage of pollutant removal, as well as a
weekly running total of the input and output pddlot totals, were also determined within each
worksheet for each constituent.
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Boron was the first worksheet in the spreadshBeton concentrations were given from
CAS in micrograms per liter (ng/L), but were cortedrto milligrams per liter (mg/L) by
dividing the concentrations by 1000, because therel 000 pg/L in 1 mg/L. Both RAW and
FGDWW boron concentrations were multiplied by RAWI&GDWW flow, respectively, in
order to determine the incoming mass concentratidioron. Boron concentrations leaving
from LS were multiplied by LS flow to determine tbhetgoing mass concentration of boron;
therefore, the total boron mass removed from themaey the CWTS was determined by
subtracting the incoming mass concentration froenailitgoing mass concentration of boron,
given in milligrams (mg) and converted to grams (g§he weekly percentage of boron removal
was determined by subtracting incoming mass coratgor from outgoing mass concentration
of boron, then dividing the number by the incomimgss concentration of boron and multiplying
by 100 to get rid of the metric units and creapeecentage value. Running totals for both
incoming and outgoing mass concentrations wereddgermined by adding the previous week’s
incoming and outgoing mass concentration to theeatitveeks incoming and outgoing mass
concentration amounts, respectively. By creatingraing total for both incoming and outgoing
mass concentrations, how much boron entered antheeCWTS could be determined over the

entire study time of the project.

Manganese, mercury, selenium, chloride, fluoridel, sulfate all had their own
worksheet inside the spreadsheet, in which thenreg and outgoing mass concentrations, total
mass concentration removed, weekly percentagerdtitoent removal, and running totals for
incoming and outgoing mass concentration amounte determined for each constituent.
Manganese, mercury, and selenium concentrations green from CAS in pg/L, which were
converted, like the boron concentrations, to mbwever, chloride, fluoride, and sulfate were

all given in mg/L from CAS and were not converted.

The following tables (Table I.1 to 1.14)all reprasene of the seven main pollutants with
incoming and outgoing concentrations of each terdeine the ability of the CWTS at JEC to
remove each one of these pollutants. Each ofdtersmain pollutants will have two tables, one
for the mass removal for 2011 and one for 2012 idy 22'". The tables are all weekly mass
balances.
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Table I.1. Boron mass balance for 2011 for the CWTShowing influent and effluent boron concentrationstotal mass removed weekly, and

percent removed weekly.

Total Mass Percent
Date Week RAW FGDWW Con?t';\?:ation. Cgrigr\ﬁ/r\é\\{ion Pcl\)/lI Ii?:nt LS Conclt_eitration Pg/lllifjnt Removed Removed
(L) (L) (L) Weekly Weekly
(mg/L) (mglL) (mg) (mg/L) (mg) ) (%)
1/4-1/10 1 3838 0 0.0E+00 0 0 0.0E+00 0 ?) #DIV/0!
1/11-1/17 2 74928 0 0.0E+00 0 0 0.0E+00 0 0 #DIV/O
1/18-1/24 3 244787 2458 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
1/25-1/31 4 1404975 8063 0.0E+00 0 0 0.0E+00 0 0 DIVio!
2/1-2/7 5 1727647 0 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
2/8-2/14 6 1018071 42071 0.0E+00 0 0 0.0E+00 0 0 DIVip!
2/15-2/21 7 345354 206869 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
2/22-2/28 8 804425 439798 0.0E+00 0 0 0.0E+00 0 0 #DIV/O!
3/1-3/7 9 555354 453771 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
3/8-314 10 477039 448934 0.0E+00 0 676930 0.0E+00 0 0 #DIV/O!
3/15-3/21 11 449862 403326 0.0E+00 0 794629 0.0E+00 0 0 #DIV/0!
3/22-3/28 12 477041 477041 0.0E+00 0 851842 0.0E+0 0 0 #DIV/O!
3/29-4/4 13 477036 442801 0.0E+00 0 924108 0.0E+00 0 0 #DIV/0!
4/5-4/11 14 403712 333618 0.0E+00 0 4437 0.0E+00 0 0 #DIV/0!
4/12-4/18 15 475294 429557 5.7E+00 2461363 | 618617 1.2E+00 717596 1744 71%
4/19-4/25 16 429744 397270 5.7E+00 2276360 798544 1.2E+00 926311 1350 59%
4/26-5/2 17 445556 444342 1.7E+00 746495 | 556057 1.4E+00 750677 -4 -1%
5/3-5/9 18 476990 476986 1.7E+00 801337 592120 E+0a 799362 2 0%
5/10-5/16 19 436706 436367 1.7E+00 733096 | 541199 1.4E+00 730618 2 0%
5/17-5/23 20 473027 472512 0.0E+00 6.2E+00 2948471482311 2.0E+00 2376445 572 19%
5/24-5/30 21 476988 476985 0.0E+00 6.2E+00 2976384 | 2312454 2.0E+00 4648032 -1672 -56%
5/31-6/6 22 465465 461665 0.0E+00 5.3E+00 2442P0&%11295 1.3E+00 3365538 -923 -38%
6/7-6/13 23 476988 454262 0.0E+00 6.4E+00 2902732 | 452238 1.5E+00 678357 2224 7%
6/14-6/20 24 476992 476988 0.0E+00 6.4E+00 3047p5873860 1.5E+00 1460791 1587 52%
6/21-6/27 25 476994 476996 0.0E+00 6.4E+00 3048004 | 699257 1.5E+00 1048886 1999 66%
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6/28-7/4
7/5-7/11
7/12-7/18
7/19-7/25
7/26-8/1
8/2-8/8
8/9-815
8/16-8/22
8/23-8/29
8/30-9/5
9/6-9/12
9/13-9/19
9/20-9/26
9/27-10/3
10/4-10/10
10/11-10/17
10/18-10/24
10/25-10/31
11/1-11/7
11/8-11/14
11/15-11/21
11/22-11/28
11/29-12/5
12/6-12/12
12/13-12/19
12/20-12/26

12/27-1/2/2012

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

476994
476992
472442
0
0
542690
463401
477002
476933
468958
476994
477000
204427
351840
415896
427888
469921
476988
476988
416467
177812
476988
725716
951929
950135
824622
679947

385648
477011
463020
0
0
374177
459443
461941
476237
468777
209004
0
0
0
458005
509456
514948
586837
658862
585490
213217
551103
1398505
606484
557701
451198
280442

0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00

6.4E+00
6.9E+00
6.9E+00
8.1E+00
8.1E+00
9.5E+00
7.9E+00
8.8E+00
1.0E+01
1.0E+01
6.8E+00
6.5E+00
5.4E+00
5.4E+00
5.4E+00
5.4E+00
6.0E+00
5.3E+00
4.1E+00
4.6E+00
4.6E+00
2.9E+00
3.1E+00
4.0E+00
4.0E+00
5.0E+00
4,.6E+00

2464
3300917

P93551d1
766080

320410803972

0
0
3550936
3625
4078942
4762
4875280
1427
0

0
2477
2756156

21343
1
392520
D05 24BTY
1450070
37434178
533899
19793925
1278692

252640
80584152
805933

319513846823

3092632
2714
2669833

859377
51986266
1549620

97227396601

1581665
4299
2413804
2209
2246968

1093661
42566433
1501363
63989910
1724703

8428

984962

645253

1.5E+00
2.1E+00
2.0E+00
2.1E+00
2.1E+00
1.8E+00
2.5E+00
2.6E+00
2.7E+00
2.8E+00
2.7E+00
2.6E+00
+00E
2.8E+00
2.8E+00
2.8E+00
2.9E+00
2.6E+00
2.5E+00
1.9E+00
2.0E+00
2.0E+00
2.0E+00
1.6E+00
1.6E+00
1.6E+00
1.5E+00

682741
1570464
607945
43966
2
706535
2470073
3784683
1167939
1516273
2167415
3299026
1542155
709917
1641468
2264672
2481193
2234381
2693940
2944278
773372
2132639
314853(
2447222
3263457
2776771

151684%

72%
52%
81%
#DIV/0!
A
80%
32%
7%
75%
69%
-52%
#DIV/0!
#DIV/O!
#DIV/0!
34%
18%
20%
28%
1%
-10%
20%
-35%
26%
-1%
-A7%
-24%
-17%
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Table I.2. Boron mass balance for 2012 until weekO2or May 22 for the CWTS showing influent and efflent boron concentrations, total

mass removed weekly, and percent removed weekly.

Total Mass Percent
Date Week RAW FGDWW Con?t';\?:ation. Cgigr\:l/r\;\{[ion Pg/lllifjnt LS Conclt_eitration Pg/lllifjnt Removed Removed
(L) (L) (L) Weekly Weekly
(mg/L) (mg/L) (mg) (mg/L) (mg) ) (%)
1/3-1/9 1 951929 565700 0.0E+00 4.6E+00 2619189 | 1406015 1.5E+00 2165264 454 17%
1/10-1/16 2 951921 590914 0.0E+00 4.3E+00 2535022433115 1.5E+00 2121011 414 16%
1/17-1/23 3 951172 641502 0.0E+00 5.2E+00 3310152 | 1402139 1.6E+00 2173316 1137 34%
1/24-1/30 4 951740 500291 0.0E+00 4.1E+00 2031[183131457 1.5E+00 2132871 -102 -5%
1/31-2/6 5 949756 488753 0.0E+00 6.5E+00 3152460 | 1563137 1.7E+00 2719858 433 14%
2/7-2/13 6 653867 397596 0.0E+00 6.5E+00 2564494 100406 1.7E+00 1757481 807 31%
2/14-2/20 7 475934 369277 0.0E+00 8.3E+00 3076076 | 1059859 1.5E+00 1621584 1454 47%
2/21-2/27 8 475936 432515 0.0E+00 8.3E+00 360285436829 1.5E+00 1433348 2170 60%
2/28-3/5 9 475942 353005 0.0E+00 1.1E+01 3706550 | 701668 2.2E+00 1508586 2198 59%
3/6-3/12 10 473283 283189 0.0E+00 1.1E+01 2973118007119 2.2E+00 1520305 1453 49%
3/13-3/19 11 443980 434017 0.0E+00 8.6E+00 3715187 | 837526 3.0E+00 2504203 1211 33%
3/20-3/26 12 471946 512541 0.0E+00 8.6E+00 4387BH1380029 3.0E+00 4126284 261 6%
3/27-4/2 13 155169 155666 0.0E+00 5.7E+00 881071 | 250117 3.9E+00 980460 -99 -11%
4/3-4/9 14 447109 446173 0.0E+00 5.7E+00 2525841 1708 3.9E+00 2985896 -461 -18%
4/10-4/16 15 446434 446132 0.0E+00 6.9E+00 3064924 | 737546 7.2E+00 5295579 -2231 -73%
4/17-4/23 16 439360 438674 0.0E+00 6.9E+00 301369304785 7.2E+00 3624354 -611 -20%
4/24-4/30 17 367001 364210 0.0E+00 8.3E+00 3030224 | 592054 7.4E+00 4357514 -1327 -44%
5/1-5/7 18 420572 419357 0.0E+00 8.3E+00 3489053 2963 7.4E+00 3996245 -507 -15%
5/8-5/14 19 394169 390456 0.0E+00 8.1E+00 3154883 | 440115 8.6E+00 3771783 -617 -20%
5/15-5/21 20 381848 380327 0.0E+00 8.1E+00 30734213482 8.6E+00 1829541 1244 40%
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Table 1.3. Manganese mass balance for 2011 for ti@&NTS showing influent and effluent manganese conceations, total mass removed

weekly, and percent removed weekly. The bold redalues show extreme percent removed weekly values.

Total Mass Percent
Date Week RAW FGDWW Conlzg\r\(tvration Cgrszte)r\:l/r\;\{ion Pg/lllif;nt LS Conclt_aitration Pg/lllif;nt Removed Removed
(L) (L) (L) Weekly Weekly
(mg/L) (mg/L) (mg) (mg/L) (mg) @ (%)
1/4-1/10 1 3838 0 3.9E-02 0 0 1.8E-02 0 0 #DIV/O!
1/11-1/17 2 74928 0 3.9E-02 0 0 1.8E-02 0 0 #DIV/Q
1/18-1/24 3 244787 2458 3.9E-02 96 0 1.8E-02 0 0 100%
1/25-1/31 4 1404975 8063 3.9E-02 314 0 1.8E-02 0 0 100%
2/1-2/7 5 1727647 0 3.9E-02 0 0 1.8E-02 0 0 #DIV/O!
2/8-2/14 6 1018071 42071 3.9E-02 1641 0 1.8E-02 0 2 100%
2/15-2/21 7 345354 206869 3.9E-02 8068 0 1.8E-02 0 8 100%
2/22-2/28 8 804425 439798 3.9E-02 17152 0 1.8E-02 0 17 100%
3/1-3/7 9 555354 453771 3.9E-02 17697 0 1.8E-02 0 18 100%
3/8-314 10 477039 448934 3.9E-02 17508 676930 -QBE 12185 5 30%
3/15-3/21 11 449862 403326 3.9E-02 15730 794629 1.8E-02 14303 1 9%
3/22-3/28 12 477041 477041 3.9E-02 18605 851842 8E-02 15333 3 18%
3/29-4/4 13 477036 442801 3.9E-02 17269 924108 1.8E-02 16634 1 4%
4/5-4/11 14 403712 333618 3.9E-02 13011 4437 D3BE- 80 13 99%
4/12-4/18 15 475294 429557 7.0E+00 2998309 | 618617 2.3E-01 142282 2856 95%
4/19-4/25 16 429744 397270 7.0E+00 2772948 798544 2.3E-01 183665 2589 93%
4/26-5/2 17 445556 444342 8.7E-02 38658 556057 5.2E-01 289150 -250 -648%
5/3-5/9 18 476990 476986 8.7E-02 41498 592120 -BRPE 307902 -266 -642%
5/10-5/16 19 436706 436367 8.7E-02 37964 541199 5.2E-01 281423 -243 -641%
5/17-5/23 20 473027 472512 1.1E-01 1.1E+01 5153p71”182311 5.5E-01 646724 4507 87%
5/24-5/30 21 476988 476985 1.1E-01 1.1E+01 5201994 | 2312454 5.5E-01 1264912 3937 76%
5/31-6/6 22 465465 461665 1.1E-01 2.0E+00 954203 11295 1.8E+00 4621335 -3667 -384%
6/7-6/13 23 476988 454262 2.5E+00 7.5E-01 1530214 | 452238 2.0E+00 899954 630 41%
6/14-6/20 24 476992 476988 2.5E+00 7.5E-01 154786073860 2.0E+00 1937982 -391 -25%
6/21-6/27 25 476994 476996 2.5E+00 7.5E-01 1547370 | 699257 2.0E+00 1391522 156 10%
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6/28-7/4
7/5-7/11
7/12-7/18
7/19-7/25
7/26-8/1
8/2-8/8
8/9-815
8/16-8/22
8/23-8/29
8/30-9/5
9/6-9/12
9/13-9/19
9/20-9/26
9/27-10/3
10/4-10/10
10/11-10/17
10/18-10/24
10/25-10/31
11/1-11/7
11/8-11/14
11/15-11/21
11/22-11/28
11/29-12/5
12/6-12/12
12/13-12/19
12/20-12/26

12/27-1/2/2012

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

476994
476992
472442
0
0
542690
463401
477002
476933
468958
476994
477000
204427
351840
415896
427888
469921
476988
476988
416467
177812
476988
725716
951929
950135
824622
679947

385648
477011
463020
0
0
374177
459443
461941
476237
468777
209004
0
0
0
458005
509456
514948
586837
658862
585490
213217
551103
1398505
606484
557701
451198
280442

2.5E+00
1.5E-01
2.2E-01
4.8E-01
2.1E+00
1.4E+00
1.5E-01
7.5E-01
2.9E-01
1.0E-01
9.7E-02
2.3E-01
8.0E-02
4.9E-01
4.9E-01
4.9E-01
9.0E-02
6.9E-02
6.7E-02
9.5E-02
4.8E-01
4.6E-02
7.3E-02
1.2E-01
7.3E-02
2.6E-01
2.0E-01

7.5E-01
8.5E-01
6.0E-03
9.1E-02
4.7E-01
4.9E-02
2.0E-01
1.1E-01
3.8E-01
3.5E+00
2.4E+00
5.1E-01
2.1E+00
2.1E+00
2.1E+00
9.9E-01
1.5E+00
1.9E+00
2.2E+00
3.7E+00
3.7E+00
1.2E+00
2.7E-01
2.4E+00
2.4E+00
4.0E+00
9.8E+00

1478
475100
1057
0
0
756393
1623
408565
3178
1678708
5436
109233
1635
172402
1165
711479
788¢
1124429
1461
2188311
8683
661221
4277
1560871
1492
2017982
4289

19455141 2.0E+00
766080 8.1E+00
70 03982 8.8E+00
21343 1.0E+01
1 1.1E+01
392520 7.9E+00
14 4802 7.4E+00
1450070 5.2E+00
52 34148 7.1E+00
533899 6.3E+00
98 3979 7.8E+00
1278692 7.0E+00
4 645253 5.2E+00
252640 6.9E+00
59884152 6.9E+00
805933 6.2E+00
6846823 4.1E+00
859377 3.3E+00
589086266 2.8E+00
1549620 6.3E+00
9(396601 7.7E+00
1093661 7.7E+00
(71566433 2.6E+00
1501363 2.0E+00
261989910 1.3E+00
1724703 1.3E+00
984962 9.7E-01

905770
6189926
2681036
215563
8
3112680
7176826
7598367
3100031
3384920
6168797
8976421
3355317
1735633
4013124
4972607
3463508
2870321
3084994
9685125
306176(0
8443064
4135383
2942672
2487387
2276607
959353

573
-5715
-2575
-216

-2356
-7015
-7190
-2782
-1706
-5625
-8867
-3339
-1563
-2848
-4261
-2675
-1746
-1623
-7497
-2193
-7782
-3708
-1382
-1085
-259
1936

39%
-1203%
-2435%
#DIV/0!

\HOI
-312%
-4322%
-1760%
-875%
-102%
-1035%
-8118%

-20417%

-907%
-244%
-599%
-339%
-155%
-111%
-343%
-253%
-1177%
-867%
-89%
-T7%
-13%
67%
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Table I.4. Manganese mass balance for 2012 until ele 20 for the CWTS showing influent and effluent maganese concentrations, total

mass removed weekly, and percent removed weekly.h& bold red values show extreme percent removed v values.

Total Mass| Percent
Date Week RAW FGDWW ConlzeArthration Cgrigmion PcI:/Illifjnt LS Conclt_eitration PcI:/Illifjnt Removed | Removed
(L) (L) (L) Weekly Weekly
(mg/L) (mglL) (mg) (mg/L) (mg) @ (%)
1/3-1/9 1 951929 565700 2.0E-01 9.8E+00 5755917 | 1406015 9.7E-01 1369459 4386 76%
1/10-1/16 2 951921 590914 3.6E-02 3.1E+00 1842466433115 7.9E-01 1135027 707 38%
1/17-1/23 3 951172 641502 1.1E-01 8.4E+00 5495859 | 1402139 7.4E-01 1033377 4462 81%
1/24-1/30 4 951740 500291 1.2E-01 6.5E+00 337205731457 7.7E-01 1105085 2267 67%
1/31-2/6 5 949756 488753 3.4E-01 1.2E+01 6235884 | 1563137 5.4E-01 844094 5392 86%
2/7-2/13 6 653867 397596 3.4E-01 1.2E+01 5032573 100086 5.4E-01 545425 4487 89%
2/14-2/20 7 475934 369277 4.1E-01 5.2E+00 2108463 | 1059859 8.3E-01 877563 1231 58%
2/21-2/27 8 475936 432515 4.1E-01 5.2E+00 243604036829 8.3E-01 775694 1660 68%
2/28-3/5 9 475942 353005 1.7E-01 1.5E+00 613471 | 701668 1.0E+00 715701 -102 -17%
3/6-3/12 10 473283 283189 1.7E-01 1.5E+00 507599 7179 1.0E+00 721261 -214 -42%
3/13-3/19 11 443980 434017 7.7E-02 9.2E-02 74116 837526 1.1E+00 946405 -872 -1177%
3/20-3/26 12 471946 512541 7.7E-02 9.2E-02 83494 80039 1.1E+00 1559432 -1476 | -1768%
3/27-4/2 13 155169 155666 7.7E-02 9.2E-02 26269 250117 1.1E+00 282633 -256 -976%
4/3-4/9 14 447109 446173 7.7E-02 9.2E-02 75475 @817 1.1E+00 860730 -785 -1040%
4/10-4/16 15 446434 446132 1.5E+00 9.4E-02 689266 | 737546 3.9E+00 2861678 -2172 -315%
4/17-4/23 16 439360 438674 1.5E+00 9.4E-02 678308 04785 3.9E+00 1958564 -1280 -189%
4/24-4/30 17 367001 364210 1.5E+00 9.4E-02 566388 | 592054 3.9E+00 2297168 -1731 -306%
5/1-5/7 18 420572 419357 1.5E+00 9.4E-02 649250 9682 3.9E+00 2106716 -1457 -224%
5/8-5/14 19 394169 390456 2.2E-01 1.6E-01 150373 | 440115 6.0E+00 2649490 -2499 -1662%
5/15-5/21 20 381848 380327 2.2E-01 1.6E-01 146004 13422 6.0E+00 1285162 -1139 -780%
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Table I.5. Mercury mass balance for 2011 for the CWS showing influent and effluent mercury concentraibns, total mass removed weekly,

and percent removed weekly.

Total Mass| Percent
Date Week RAW FGDWW ConIEeArYtVration Cgrite)r\:l/r\;\{ion Pg/lllifjnt LS Conclt_eitration Pg/lllifjnt Removed | Removed
(L) (L) (L) Weekly Weekly
(mglL) (mg/L) (mg) (mg/L) (mg) ) (%)
1/4-1/10 1 3838 0 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
1/11-1/17 2 74928 0 0.0E+00 0 0 0.0E+00 0 0 #DIV/
1/18-1/24 3 244787 2458 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
1/25-1/31 4 1404975 8063 0.0E+00 0 0 0.0E+00 0 0 DIVio!
2/1-2/7 5 1727647 0 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
2/8-2/14 6 1018071 42071 0.0E+00 0 0 0.0E+00 0 0 DIVio!
2/15-2/21 7 345354 206869 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
2/22-2/28 8 804425 439798 0.0E+00 0 0 0.0E+00 0 0| #DIV/O!
3/1-3/7 9 555354 453771 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
3/8-314 10 477039 448934 0.0E+00 0 676930 0.0E+00 0 0 #DIV/O!
3/15-3/21 11 449862 403326 0.0E+00 0 794629 0.0E+00 0 0 #DIV/0!
3/22-3/28 12 477041 477041 0.0E+00 0 851842 0.0E+0 0 0 #DIV/O!
3/29-4/4 13 477036 442801 0.0E+00 0 924108 0.0E+00 0 0 #DIV/0!
4/5-4/11 14 403712 333618 0.0E+00 0 4437 0.0E+00 0 0 #DIV/0!
4/12-4/18 15 475294 429557 6.6E-03 2835 618617 0.0E+00 0 3 100%
4/19-4/25 16 429744 397270 6.6E-03 2622 798544  E4DO 0 3 100%
4/26-5/2 17 445556 444342 0.0E+00 0 556057 0.0E+00 0 0 #DIV/0!
5/3-5/9 18 476990 476986 0.0E+00 0 592120 0.0E+00 0 0 #DIV/O!
5/10-5/16 19 436706 436367 0.0E+00 0.0E+00 0 541199 0.0E+00 0 0 #DIV/0!
5/17-5/23 20 473027 472512 0.0E+00 6.0E-04 284 3182 0.0E+00 0 0 100%
5/24-5/30 21 476988 476985 0.0E+00 6.0E-04 286 2312454 0.0E+00 0 0 100%
5/31-6/6 22 465465 461665 0.0E+00 2.1E-03 969 283415 0.0E+00 0 1 100%
6/7-6/13 23 476988 454262 0.0E+00 2.4E-03 1090 452238 0.0E+00 0 1 100%
6/14-6/20 24 476992 476988 0.0E+00 2.4E-03 1145 8603 0.0E+00 0 1 100%
6/21-6/27 25 476994 476996 0.0E+00 2.4E-03 1145 699257 0.0E+00 0 1 100%
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6/28-7/4
7/5-7/11
7/12-7/18
7/19-7/25
7/26-8/1
8/2-8/8
8/9-815
8/16-8/22
8/23-8/29
8/30-9/5
9/6-9/12
9/13-9/19
9/20-9/26
9/27-10/3
10/4-10/10
10/11-10/17
10/18-10/24
10/25-10/31
11/1-11/7
11/8-11/14
11/15-11/21
11/22-11/28
11/29-12/5
12/6-12/12
12/13-12/19
12/20-12/26

12/27-1/2/2012

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

476994
476992
472442
0
0
542690
463401
477002
476933
468958
476994
477000
204427
351840
415896
427888
469921
476988
476988
416467
177812
476988
725716
951929
950135
824622
679947

385648
477011
463020
0
0
374177
459443
461941
476237
468777
209004
0
0
0
458005
509456
514948
586837
658862
585490
213217
551103
1398505
606484
557701
451198
280442

0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00

2.4E-03
2.0E-03
1.2E-03
1.5E-03
0.0E+00
0.0E+00
0.0E+00
1.3E-03
1.2E-03
6.0E-04
1.1E-03
8.0E-04
3.6E-03
3.6E-03
3.6E-03
4.5E-03
4.4E-03
3.6E-03
3.4E-04
3.8E-03
3.8E-03
2.4E-03
5.0E-04
2.0E-03
2.0E-03
5.4E-03
7.2E-03

924 45516 0.0E+00

954 766080 0.0E+00
556 3P39 0.0E+00

0 21343 0.0E+00

0 1 0.0E+00

0 392520 0.0E+00

0 972470 .OE+DO

601 1450070 0.0E+00
571 4341 0.0E+00

281 533899 0.0E+00
230 79392 0.0E+00

0 1278692 0.0E+00
0 645253 400E

0 252640 0.0E+00
1649 4153 0.0E+00
2293 805933 0.0E+00
2266 46833 0.0E+00
2113 859377 0.0E+00
224 2686 2.0E-04
2225 1549620 0.0E+00
81p 6603 0.0E+00
1323 1093661 0.0E+00
69p 66433 0.0E+00

1213 1501363 0.0E+00
1115 989910 0.0E+00

2436 1724703 0.0E+00
9201 984962 0.0E+00

100%
100%
100%
#DIV/0!
O
#DIV/0!
#DIV/O!
100%
100%
100%
100%
#DIV/0!
#DIV/0!
#DIV/0!
100%
100%
100%
100%
3%
100%
100%
100%
100%
100%
100%
100%
100%
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Table I1.6. Mercury mass balance for 2012 until weeRO0 for the CWTS showing influent and effluent merary concentrations, total mass

removed weekly, and percent removed weekly.

Total Mass| Percent
Date Week RAW FGDWW ConlseArYtVration Cgigr\:l/r\;\{[ion Pg/lllifjnt LS Conclt_eitration Pg/lllifjnt Removed | Removed
(L) (L) (L) Weekly Weekly
(mglL) (mg/L) (mg) (mg/L) (mg) ) (%)
1/3-1/9 1 951929 565700 0.0E+00 7.2E-03 4073 1406015 0.0E+00 0 4 100%
1/10-1/16 2 951921 590914 0.0E+00 3.0E-03 1773 1433  0.0E+00 0 2 100%
1/17-1/23 3 951172 641502 0.0E+00 3.3E-03 2117 1402139 3.0E-04 421 2 80%
1/24-1/30 4 951740 500291 0.0E+00 1.1E-03 550 13314 0.0E+00 0 1 100%
1/31-2/6 5 949756 488753 0.0E+00 2.2E-03 1075 1563137 0.0E+00 0 1 100%
2/7-2/13 6 653867 397596 0.0E+00 2.2E-03 87" 106004 0.0E+00 0 1 100%
2/14-2/20 7 475934 369277 0.0E+00 2.3E-03 849 1059859 0.0E+00 0 1 100%
2/21-2/27 8 475936 432515 0.0E+00 2.3E-03 99" 93682 0.0E+00 0 1 100%
2/28-3/5 9 475942 353005 0.0E+00 1.8E-03 635 701668 0.0E+00 0 1 100%
3/6-3/12 10 473283 283189 0.0E+00 1.8E-03 510 79711 0.0E+00 0 1 100%
3/13-3/19 11 443980 434017 0.0E+00 1.2E-03 521 837526 0.0E+00 0 1 100%
3/20-3/26 12 471946 512541 0.0E+00 1.2E-03 615 0280 0.0E+00 0 1 100%
3/27-4/2 13 155169 155666 0.0E+00 0.0E+00 0 250117 0.0E+00 0 0 #DIV/0!
4/3-4/9 14 447109 446173 0.0E+00 0.0E+00 0 761708 .OE4DO0 0 0 #DIV/O!
4/10-4/16 15 446434 446132 5.0E-04 4.0E-04 402 737546 0.0E+00 0 0 100%
4/17-4/23 16 439360 438674 5.0E-04 4.0E-04 395 8947 0.0E+00 0 0 100%
4/24-4/30 17 367001 364210 0.0E+00 1.0E-03 364 592054 0.0E+00 0 0 100%
5/1-5/7 18 420572 419357 0.0E+00 1.0E-03 414 542968 0.0E+00 0 0 100%
5/8-5/14 19 394169 390456 0.0E+00 3.0E-04 117 440115 0.0E+00 0 0 100%
5/15-5/21 20 381848 380327 0.0E+00 3.0E-04 114 2234 0.0E+00 0 0 100%
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Table I.7. Selenium mass balance for 2011 for the\ZTS showing influent and effluent selenium concenstions, total mass removed weekly,

and percent removed weekly.

Total Mass| Percent
Date Week RAW FGDWW ConIEeArYtVration Cgrite)r\:l/r\;\{ion Pg/lllifjnt LS Conclt_eitration Pg/lllifjnt Removed | Removed
(L) (L) (L) Weekly Weekly
(mglL) (mg/L) (mg) (mg/L) (mg) ) (%)
1/4-1/10 1 3838 0 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
1/11-1/17 2 74928 0 0.0E+00 0 0 0.0E+00 0 0 #DIV/
1/18-1/24 3 244787 2458 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
1/25-1/31 4 1404975 8063 0.0E+00 0 0 0.0E+00 0 0 DIVio!
2/1-2/7 5 1727647 0 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
2/8-2/14 6 1018071 42071 0.0E+00 0 0 0.0E+00 0 0 DIVio!
2/15-2/21 7 345354 206869 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
2/22-2/28 8 804425 439798 0.0E+00 0 0 0.0E+00 0 0| #DIV/O!
3/1-3/7 9 555354 453771 0.0E+00 0 0 0.0E+00 0 0 #DIV/0!
3/8-314 10 477039 448934 0.0E+00 0 676930 0.0E+00 0 0 #DIV/O!
3/15-3/21 11 449862 403326 0.0E+00 0 794629 0.0E+00 0 0 #DIV/0!
3/22-3/28 12 477041 477041 0.0E+00 0 851842 0.0E+0 0 0 #DIV/O!
3/29-4/4 13 477036 442801 0.0E+00 0 924108 0.0E+00 0 0 #DIV/0!
4/5-4/11 14 403712 333618 0.0E+00 0 4437 0.0E+00 0 0 #DIV/0!
4/12-4/18 15 475294 429557 1.2E-01 51547 618617 2.7E-02 16703 35 68%
4/19-4/25 16 429744 397270 1.2E-01 47672 798544 TE-R2 21561 26 55%
4/26-5/2 17 445556 444342 1.1E-01 50211 556057 1.0E-02 5561 45 89%
5/3-5/9 18 476990 476986 1.1E-01 5389P 592120 -0DE 5921 48 89%
5/10-5/16 19 436706 436367 1.1E-01 49309 541199 1.0E-02 5412 44 89%
5/17-5/23 20 473027 472512 0.0E+00 2.7E-01 126633182311 2.4E-02 28375 98 78%
5/24-5/30 21 476988 476985 0.0E+00 2.7E-01 127832 | 2312454 2.4E-02 55499 72 57%
5/31-6/6 22 465465 461665 0.0E+00 2.7E-01 124450 11295 0.0E+00 0 125 100%
6/7-6/13 23 476988 454262 0.0E+00 3.4E-01 154449 | 452238 0.0E+00 0 154 100%
6/14-6/20 24 476992 476988 0.0E+00 3.4E-01 162176 73880 0.0E+00 0 162 100%
6/21-6/27 25 476994 476996 0.0E+00 3.4E-01 162179 | 699257 0.0E+00 0 162 100%
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6/28-7/4
7/5-7/11
7/12-7/18
7/19-7/25
7/26-8/1
8/2-8/8
8/9-815
8/16-8/22
8/23-8/29
8/30-9/5
9/6-9/12
9/13-9/19
9/20-9/26
9/27-10/3
10/4-10/10
10/11-10/17
10/18-10/24
10/25-10/31
11/1-11/7
11/8-11/14
11/15-11/21
11/22-11/28
11/29-12/5
12/6-12/12
12/13-12/19
12/20-12/26

12/27-1/2/2012

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

476994
476992
472442
0
0
542690
463401
477002
476933
468958
476994
477000
204427
351840
415896
427888
469921
476988
476988
416467
177812
476988
725716
951929
950135
824622
679947

385648
477011
463020
0
0
374177
459443
461941
476237
468777
209004
0
0
0
458005
509456
514948
586837
658862
585490
213217
551103
1398505
606484
557701
451198
280442

0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00

3.4E-01
3.7E-01
5.2E-01
6.0E-01
6.2E-01
5.7E-01
5.3E-01
4.4E-01
4.6E-01
3.5E-01
2.1E-01
1.9E-01
1.1E-01
1.1E-01
1.1E-01
8.4E-02
7.7E-02
9.5E-02
7.5E-02
7.2E-02
7.2E-02
6.3E-02
4.2E-02
4.3E-02
4.3E-02
7.3E-02
7.0E-02

131320 5185

174109 | 766080
242160 03932

0 21343

0 1
214403 | 392520
242126  4BT2
203254 | 1450070
220021 34148
164072 | 533899
434Y3 9493

0 1278692

0 645253

0 252640
503B0 84152
42794 805933
396p1846823
55750 859377
49415 86266
42155 | 1549620
153p2396601
34719 | 1093661
587B7566433
26079 | 1501363
239811989910
32937 | 1724703
3199 984962

0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
4.4E-02
1.0E-02
2.5E-02
2.3E-02
2.2E-02
-DBE
1.0E-02
1.0E-02
7.0E-03
1.2E-02
1.3E-02
1.2E-02
9.0E-03
0.0E+00
0.0E+00
0.0E+00
8.0E-03
8.0E-03
9.0E-03
1.0E-02

0
0
0
0
0
0
0
63803
4342
13347
18260
28131
11615
2526
5842
5642
10162
11172
13035
13947
0
0
0
12011
15919
15522
9850

131
174
242

214
242

139
216

151

100%
100%
100%
#DIV/0!
\HOI
100%
100%
69%
98%
92%
58%
#DIV/0!
#DIV/O!
#DIV/0!
88%
87%
74%
80%
74%
67%
100%
100%
100%
54%
34%
53%
50%
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Table 1.8. Selenium mass balance for 2012 until wie0 for the CWTS showing influent and effluent se&nium concentrations, total mass

removed weekly, and percent removed weekly.

Total Mass| Percent
Date Week RAW FGDWW ConlseArYtVration Cgigr\:l/r\;\{[ion Pg/lllifjnt LS Conclt_eitration Pg/lllifjnt Removed | Removed
(L) (L) (L) Weekly Weekly
(mglL) (mg/L) (mg) (mg/L) (mg) ) (%)
1/3-1/9 1 951929 565700 0.0E+00 7.0E-02 39599 | 1406015 1.0E-02 14060 26 64%
1/10-1/16 2 951921 590914 0.0E+00 6.1E-02 36046 31143 1.3E-02 18630 17 48%
1/17-1/23 3 951172 641502 0.0E+00 7.8E-02 50037 | 1402139 1.4E-02 19630 30 61%
1/24-1/30 4 951740 500291 0.0E+00 6.0E-02 30017 1483 1.8E-02 25766 4 14%
1/31-2/6 5 949756 488753 0.0E+00 6.5E-02 31769 | 1563137 1.3E-02 20321 11 36%
2/7-2/13 6 653867 397596 0.0E+00 6.5E-02 25844 Q08,0 1.3E-02 13131 13 49%
2/14-2/20 7 475934 369277 0.0E+00 1.3E-01 49114 | 1059859 1.1E-02 11658 37 76%
2/21-2/27 8 475936 432515 0.0E+00 1.3E-01 5755 8236 1.1E-02 10305 47 82%
2/28-3/5 9 475942 353005 0.0E+00 1.9E-01 65306 701668 2.2E-02 15437 50 76%
3/6-3/12 10 473283 283189 0.0E+00 1.9E-01 52390 1797 2.2E-02 15557 37 70%
3/13-3/19 11 443980 434017 0.0E+00 1.2E-01 49912 837526 2.3E-02 19263 31 61%
3/20-3/26 12 471946 512541 0.0E+00 1.2E-01 589412 80039 2.3E-02 31741 27 46%
3/27-4/2 13 155169 155666 0.0E+00 7.2E-02 11208 250117 7.0E-03 1751 9 84%
4/3-4/9 14 447109 446173 0.0E+00 7.2E-02 32124 U817 7.0E-03 5332 27 83%
4/10-4/16 15 446434 446132 0.0E+00 8.7E-02 38813 737546 0.0E+00 0 39 100%
4/17-4/23 16 439360 438674 0.0E+00 8.7E-02 38165 4789 0.0E+00 0 38 100%
4/24-4/30 17 367001 364210 0.0E+00 6.9E-02 25130 592054 0.0E+00 0 25 100%
5/1-5/7 18 420572 419357 0.0E+00 6.9E-02 28936 6829 0.0E+00 0 29 100%
5/8-5/14 19 394169 390456 0.0E+00 1.2E-01 46464 440115 0.0E+00 0 46 100%
5/15-5/21 20 381848 380327 0.0E+00 1.2E-01 45259 3422 0.0E+00 0 45 100%
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Table 1.9. Chloride mass balance for 2011 for the WTS showing influent and effluent chloride concentations, total mass removed weekly,

and percent removed weekly. The bold red values stv extreme percent removed weekly values.

Total Mass| Percent
Date Week RAW FGDWW ConlzeArthration Cgrigr\ﬁ/r\é\\{ion PcI:/Illif:nt LS Concléitration Pg/lllifjnt Removed | Removed
(L) (L) (L) Weekly Weekly
(mg/L) (mglL) (mg) (mglL) (mg) ) (%)
1/4-1/10 1 3838 0 1.1E+02 0 0 1.4E+02 0 0 #DIV/0!
1/11-1/17 2 74928 0 1.1E+02 0 0 1.4E+02 0 0 #DIV/
1/18-1/24 3 244787 2458 1.1E+02 260545 0 1.4E+02 0 261 100%
1/25-1/31 4 1404975 8063 1.1E+02 854720 0 1.4E+02 0 855 100%
2/1-2/7 5 1727647 0 1.1E+02 0 0 1.4E+02 0 0 #DIV/0!
2/8-2/14 6 1018071 42071 1.1E+02 4459571 0 1.4E+02 0 4460 100%
2/15-2/21 7 345354 206869 1.1E+02 21928165 0 1.4E+02 0 21928 100%
2/22-2/28 8 804425 439798 1.1E+02 466185p2 0 102E+ 0 46619 100%
3/1-3/7 9 555354 453771 1.1E+02 48099679 0 1.4E+02 0 48100 100%
3/8-314 10 477039 448934 1.1E+02 475869p5 676930 .4E+D2 94770138 -47183 -99%
3/15-3/21 11 449862 403326 1.1E+02 42752573 | 794629 1.4E+02 111248015 -68495 -160%
3/22-3/28 12 477041 477041 1.1E+02 505663B6 851842 1.4E+02 119257928 -68692| -136%
3/29-4/4 13 477036 442801 1.1E+02 46936946 | 924108 1.4E+02 129375180 -82438 -176%
4/5-4/11 14 403712 333618 1.1E+02 353635p0 4437 4EH02 621179 34742 98%
4/12-4/18 15 475294 429557 1.1E+03 455330603 618617 4.8E+02 296936300 158394 35%
4/19-4/25 16 429744 397270 1.1E+03 421106676 79854 4.8E+02 383300924 37806 9%
4/26-5/2 17 445556 444342 3.8E+02 168849977 556057 4.5E+02 248557616 -79708 -47%
5/3-5/9 18 476990 476986 3.8E+02 181254466 592120 4.5E+02 264677715 -83423 -46%
5/10-5/16 19 436706 436367 3.8E+02 165819329 541199 4.5E+02 241915867 -76097 -46%
5/17-5/23 20 473027 472512 8.7E+01 1.2E+03 58926 71411182311 5.0E+02 586426211 2841 0%
5/24-5/30 21 476988 476985 8.7E+01 1.2E+03 594800121 | 2312454 5.0E+02 1146977147 -552177 -93%
5/31-6/6 22 465465 461665 8.6E+01 1.1E+03 5663280511595 3.4E+02 863988802 -29766 -53%
6/7-6/13 23 476988 454262 8.1E+01 1.3E+03 642804141| 452238 2.6E+02 116225224 526579 82%
6/14-6/20 24 476992 476988 8.1E+01 1.3E+03 67308091973860 2.6E+02 2502821272 42274 63%
6/21-6/27 25 476994 476996 8.1E+01 1.3E+03 673041136| 699257 2.6E+02 179709091 493332 73%
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6/28-7/4
7/5-7/11
7/12-7/18
7/19-7/25
7/26-8/1
8/2-8/8
8/9-815
8/16-8/22
8/23-8/29
8/30-9/5
9/6-9/12
9/13-9/19
9/20-9/26
9/27-10/3
10/4-10/10
10/11-10/17
10/18-10/24
10/25-10/31
11/1-11/7
11/8-11/14
11/15-11/21
11/22-11/28
11/29-12/5
12/6-12/12
12/13-12/19
12/20-12/26

12/27-1/2/2012

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

476994
476992
472442
0
0
542690
463401
477002
476933
468958
476994
477000
204427
351840
415896
427888
469921
476988
476988
416467
177812
476988
725716
951929
950135
824622
679947

385648
477011
463020
0
0
374177
459443
461941
476237
468777
209004
0
0
0
458005
509456
514948
586837
658862
585490
213217
551103
1398505
606484
557701
451198
280442

8.1E+01
6.4E+01
7.7E+01
6.6E+01
7.0E+01
7.0E+01
7.1E+01
6.8E+01
6.6E+01
6.7E+01
7.1E+01
7.0E+01
6.3E+01
6.6E+01
6.6E+01
6.6E+01
7.1E+01
8.8E+01
9.4E+01
1.1E+02
1.0E+02
9.5E+01
1.1E+02
1.0E+02
8.1E+01
7.5E+01
7.2E+01

1.3E+03
1.1E+03
1.2E+03
1.3E+03
1.3E+03
1.5E+03
1.3E+03
1.3E+03
1.5E+03
1.3E+03
1.0E+03
9.9E+02
9.4E+02
9.4E+02
9.4E+02
9.0E+02
9.1E+02
9.4E+02
7.4E+02
1.0E+03
8.8E+02
7.7E+02
7.3E+02
8.8E+02
8.8E+02
9.2E+02
9.8E+02

551548
536159259
605892
0
0
584286125
616394
609862824
755367
622079027
249140
33389982
128789
23221444
45781 3
486750868
50826 4
593601989
532394
635490062
202314
469663175
109763
629850324
567ZB
476949127

74355161
766080
90303972
21343
1
392520
05872470
1450070
81434178
533899
63793925
1278692
25 5352
252640
3 584152
805933
846823
859377
991086266
1549620
396601
1093661
1566433
1501363
1989910
1724703

782373

984962

2.6E+02
7.0E+02
7.4E+02
6.9E+02
7.4E+02
6.1E+02
7.7E+02
6.8E+02
6.3E+02
6.2E+02
7.3E+02
6.7E+02
6.3E+02
6.4E+02
6.4E+02
7.4E+02
6.2E+02
5.9E+02
5.2E+02
6.6E+02
6.9E+02
6.9E+02
5.8E+02
4. 7E+02
4.6E+02
3.9E+02
3.9E+02

116976264

536255931

22493954(

14726607
560
239436937

748801620

986047681

273532154

331017392

579565259

856723918
406509606

161689291
373857443

596390490

52503056%

507032684
56485848(
1022749209
27365468
754626165
908531094
705640707
91535858
665735166

38610520

§

434572

-97
38095
-14727
-1
344849
-13240
-376185
48182¢
291062
-33042
-823334
-393631
-138468
84114
-109640
-23067
86569
-32463
-387259

-68242

-284963
189304

-75790
-34762

-188786

B

\wA

-6231

79%
0%
63%
#DIV/O!
#DIV/O!
59%
-21%
-62%
64%
47%
-133%
-2466%
-3056%
-596%
18%
-23%
-5%
15%
-6%
-61%
-33%
-61%
17%
-12%
-619
-40%
-199
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Table 1.10. Chloride mass balance for 2012 until Ma 22 for the CWTS showing influent and effluent chbride concentrations, total mass

removed weekly, and percent removed weekly.

Total Mass  Percent
Date Week RAW FGDWW ConlseArYtVration Cgigr\:l/r\;\{[ion Pg/lllifjnt LS Conclt_eitration Pg/lllifjnt Removed  Removed
(L) (L) (L) Weekly Weekly
(mglL) (mg/L) (mg) (mg/L) (mg) ) (%)
1/3-1/9 1 951929 565700 7.2E+01 9.8E+02 622924394.84 1406015 3.9E+02 551158075 71766 12%
1/10-1/16 2 951921 590914 7.2E+01 8.8E+02 5885457[7/1433115 3.5E+02 5015903411 86952 15%
1/17-1/23 3 951172 641502 7.2E+01 8.1E+02 588101294 | 1402139 3.9E+02 541225745 46876 8%
1/24-1/30 4 951740 500291 7.4E+01 6.8E+02 410628863.431457 4.0E+02 5711514428 -160525 -39%
1/31-2/6 5 949756 488753 7.5E+01 8.7E+02 496447196.4 1563137 3.3E+02 517398209.4| -20951 -4%
2/7-2/13 6 653867 397596 7.5E+01 8.7E+02 39494@5|72.010046 3.3E+02 334325319/9 60623 15%
2/14-2/20 7 475934 369277 6.6E+01 1.1E+03 441308963.4 1059859 3.7E+02 386848358.8| 54461 12%
2/21-2/27 8 475936 432515 6.6E+01 1.1E+03 511503952936829 3.7E+02 3419425299 169561 33%
2/28-3/5 9 475942 353005 6.6E+01 1.2E+03 444427757.7] 701668 4.6E+02 319258809.4| 125169 28%
3/6-3/12 10 473283 283189 6.6E+01 1.2E+03 36256:8262707119 4.6E+02 3217390112 40828 11%
3/13-3/19 11 443980 434017 6.7E+01 1.1E+03 511505736.2 837526 5.0E+02 418763070.9( 92743 18%
3/20-3/26 12 471946 512541 6.7E+01 1.1E+03 60052637 1380029 5.0E+02 690014322J8 -89473 -15%
3/27-4/2 13 155169 155666 6.7E+01 1.1E+03 183185834.7 250117 5.0E+02 125058649 58127 32%
4/3-4/9 14 447109 446173 6.7E+01 1.1E+03 525208608761708 5.0E+02 380854064 /6 144355 27%
4/10-4/16 15 446434 446132 7.0E+01 8.8E+02 423846216.4 737546 9.4E+02 693293095.1| -269447 -64%
4/17-4/23 16 439360 438674 7.0E+01 8.8E+02 41678864 504785 9.4E+02 4744975812 -57709 -14%
4/24-4/30 17 367001 364210 7.0E+01 8.8E+02 346194550.4 592054 9.4E+02 556530331.4| -210336 -61%
5/1-5/7 18 420572 419357 7.0E+01 8.8E+02 398474569542968 9.4E+02 5103900229 -111915 -28%
5/8-5/14 19 394169 390456 5.6E+01 9.3E+02 385197336.3 440115 1.1E+03 475323860.9( -90127 -23%
5/15-5/21 20 381848 380327 5.6E+01 9.3E+02 3750873213482 1.1E+03 230560649}4 144527 39%
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Table I.11. Fluoride mass balance for 2011 for thEWTS showing influent and effluent fluoride concentations, total mass removed weekly,

and percent removed weekly. The bold red values stv extreme percent removed weekly values.

Total Mass| Percent
Date Week RAW FGDWW ConFczeArYtVration C!)er:[e)r\ﬁlr\;\{ion Pg/llliignt LS Conclt_aitration Pg/llliignt Removed | Removed
(8] L) (L) Weekly Weekly
(mglL) (mg/L) (mg) (mg/L) (mg) @ (%)
1/4-1/10 1 3838 0 3.0E-01 0 0 2.0E-01 0 0 #DIV/O!
1/11-1/17 2 74928 0 3.0E-01 0 0 2.0E-01 0 0 #DIV/
1/18-1/24 3 244787 2458 3.0E-01 737 0 2.0E-01 0 1 100%
1/25-1/31 4 1404975 8063 3.0E-01 2419 0 2.0E-01 0 2 100%
2/1-2/7 5 1727647 0 3.0E-01 0 0 2.0E-01 0 0 #DIV/O!
2/8-2/14 6 1018071 42071 3.0E-01 12621 0 2.0E-01 0 13 100%
2/15-2/21 7 345354 206869 3.0E-01 62061 0 2.0E-01 0 62 100%
2/22-2/28 8 804425 439798 3.0E-01 131934 0 2.0E-01 0 132 100%
3/1-3/7 9 555354 453771 3.0E-01 136131 0 2.0E-01 0 136 100%
3/8-314 10 477039 448934 3.0E-01 13468( 676930 E-210 135386 -1 -1%
3/15-3/21 11 449862 403326 3.0E-01 120998 794629 2.0E-01 158926 -38 -31%
3/22-3/28 12 477041 477041 3.0E-01 143112 851842 .0E-Q1 170368 -27 -19%
3/29-4/4 13 477036 442801 3.0E-01 132840 924108 2.0E-01 184822 -52 -39%
4/5-4/11 14 403712 333618 3.0E-01 100084 4437 -RDE 887 99 99%
4/12-4/18 15 475294 429557 2.1E+01 9020701 618617 3.0E-01 185585 8835 98%
4/19-4/25 16 429744 397270 2.1E+01 83426719 798544 3.0E-01 239563 8103 97%
4/26-5/2 17 445556 444342 9.1E+00 4043513 556057 4.0E-01 222423 3821 94%
5/3-5/9 18 476990 476986 9.1E+00 434057| 592120 OE-81 236848 4104 95%
5/10-5/16 19 436706 436367 2.5E+01 10909166 | 541199 4.0E-01 216480 10693 98%
5/17-5/23 20 473027 472512 3.0E-01 2.5E+01 119547111182311 4.0E-01 472924 11482 96%
5/24-5/30 21 476988 476985 3.0E-01 2.5E+01 12067711 | 2312454 4.0E-01 924982 11143 92%
5/31-6/6 22 465465 461665 3.0E-01 2.9E+01 1352792%2511595 4.0E-01 1004638 12523 93%
6/7-6/13 23 476988 454262 3.0E-01 3.1E+01 14225210 | 452238 4.0E-01 180895 14044 99%
6/14-6/20 24 476992 476988 3.0E-01 3.1E+01 149297137973860 4.0E-01 389544 14540 97%
6/21-6/27 25 476994 476996 3.0E-01 3.1E+01 14929973 | 699257 4.0E-01 279703 14650 98%
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6/28-7/4
7/5-7/11
7/12-7/18
7/19-7/25
7/26-8/1
8/2-8/8
8/9-815
8/16-8/22
8/23-8/29
8/30-9/5
9/6-9/12
9/13-9/19
9/20-9/26
9/27-10/3
10/4-10/10
10/11-10/17
10/18-10/24
10/25-10/31
11/1-11/7
11/8-11/14
11/15-11/21
11/22-11/28
11/29-12/5
12/6-12/12
12/13-12/19
12/20-12/26

12/27-1/2/2012

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

476994
476992
472442
0
0
542690
463401
477002
476933
468958
476994
477000
204427
351840
415896
427888
469921
476988
476988
416467
177812
476988
725716
951929
950135
824622
679947

385648
477011
463020
0
0
374177
459443
461941
476237
468777
209004
0
0
0
458005
509456
514948
586837
658862
585490
213217
551103
1398505
606484
557701
451198
280442

3.0E-01
3.0E-01
4.0E-01
3.0E-01
3.0E-01
3.0E-01
3.0E-01
4.0E-01
4.0E-01
3.0E-01
3.0E-01
2.0E-01
2.0E-01
2.0E-01
2.0E-01
2.0E-01
3.0E-01
4.0E-01
2.0E-01
2.0E-01
0.0E+00
1.0E-01
3.0E-01
1.0E-01
0.0E+00
3.0E-01
3.0E-01

3.1E+01
2.8E+01
3.6E+01
4.0E+01
2.1E+01
3.6E+01
3.6E+01
2.8E+01
3.3E+01
3.1E+01
2.4E+01
1.2E+01
9.0E+00
9.0E+00
9.0E+00
2.1E+01
2.0E+01
2.3E+01
1.4E+01
1.7E+01
1.4E+01
8.6E+00
1.1E+01
1.4E+01
1.4E+01
2.0E+01
1.3E+01

1209819455161

13499408

766080

1685704303972

0
0
13633165

21343
1
392520

16678968 72410

13125159

1450070

15906994434178

14672770
52427
95400

40885

70368
42052
10580368

108826

13688052
95171

10036617
29850

4787184

14202(

8585962
78B78

9271354

7887

533899
D4 93975
1278692

252640
0584152
805933
846823
859377
p81086266
1549620
B 396601
1093661
1566433
1501363
1 1989910
1724703
984962

645253

4.0E-01
3.0E-01
4.0E-01
3.0E-01
2.0E-01
3.0E-01
5.0E-01
7.0E-01
5.0E-01
1.0E+00
4.0E-01
9.0E-01
8.0E-01
1.2E+00
1.2E+00
1.7E+00
2.2E+00
2.4E+00
1.9E+00
1.2E+00
3.0E-01
3.0E-01
1.6E+00
1.1E+00
1.4E+00
2.2E+00
2.6E+00

182064
229824
121589
6403
0
117756
486235
1015049
217089
533899
317570
1150823
516203
303167
700983
1370086
1863012
2062506
2063906
1859544
118980
328098
2506293
1651500
2785874
3794346
2560902

11916
13270
16736

13515
16193
12110
15690
14139
4925
-1055
-475
-233
3504
9210
8680
11626
7453
8177
2866
4459
12396
6934
5022
5477

1317

98%
98%
99%
#DIV/0!
Ol
99%
97%
92%
99%
96%
94%
-1106%
-1163%
-331%
83%
87%
82%
85%
78%
81%
96%
93%
83%
81%
64%
59%
34%
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Table I1.12. Fluoride mass balance for 2012 until wek 20 for the CWTS showing influent and effluent floride concentrations, total mass

removed weekly, and percent removed weekly.

Total Mass| Percent
Date Week RAW FGDWW ConIEeArYtVration Cgrszte)r\:l/r\;\{[ion Pg/lllifjnt LS Conclt_eitration Pg/lllifjnt Removed | Removed
(L) (L) (L) Weekly Weekly
(mglL) (mg/L) (mg) (mg/L) (mg) @ (%)
1/3-1/9 1 951929 565700 3.0E-01 1.3E+01 7696242 | 1406015 2.6E+00 3655640 4041 53%
1/10-1/16 2 951921 590914 2.0E-01 1.7E+01 103541j02433115 3.1E+00 4442657 5911 57%
1/17-1/23 3 951172 641502 2.0E-01 1.8E+01 11737277 | 1402139 3.2E+00 4486846 7250 62%
1/24-1/30 4 951740 500291 3.0E-01 1.9E+01 97910%8 431457 3.1E+00 4437517 5354 55%
1/31-2/6 5 949756 488753 3.0E-01 2.0E+01 10059996 | 1563137 3.6E+00 5627292 4433 44%
2/7-2/13 6 653867 397596 3.0E-01 2.0E+01 8148080 10046 3.6E+00 3636167 4512 55%
2/14-2/20 7 475934 369277 2.0E-01 2.4E+01 8957831 | 1059859 3.1E+00 3285561 5672 63%
2/21-2/27 8 475936 432515 2.0E-01 2.4E+01 10475559936829 3.1E+00 2904169 7571 72%
2/28-3/5 9 475942 353005 3.0E-01 2.8E+01 10026917 | 701668 3.7E+00 2596171 7431 74%
3/6-3/12 10 473283 283189 3.0E-01 2.8E+01 8071264 07179 3.7E+00 2616339 5455 68%
3/13-3/19 11 443980 434017 3.0E-01 1.9E+01 8466324 837526 3.8E+00 3182599 5284 62%
3/20-3/26 12 471946 512541 3.0E-01 1.9E+01 9982301380029 3.8E+00 5244109 4738 47%
3/27-4/2 13 155169 155666 3.0E-01 1.5E+01 2381544 250117 4.4E+00 1100516 1281 54%
4/3-4/9 14 447109 446173 3.0E-01 1.5E+01 6826731 1708 4.4E+00 3351516 3475 51%
4/10-4/16 15 446434 446132 3.0E-01 1.6E+01 7272036 737546 7.6E+00 5605348 1667 23%
4/17-4/23 16 439360 438674 3.0E-01 1.6E+01 7150598504785 7.6E+00 3836363 3314 46%
4/24-4/30 17 367001 364210 2.0E-01 1.6E+01 5900754 592054 7.2E+00 4262786 1638 28%
5/1-5/7 18 420572 419357 2.0E-01 1.6E+01 6793833 2968 7.2E+00 3909370 2884 42%
5/8-5/14 19 394169 390456 2.0E-01 1.3E+01 5154759 440115 9.8E+00 4313124 842 16%
5/15-5/21 20 381848 380327 2.0E-01 1.3E+01 5020620213482 9.8E+00 2092124 2928 58%
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Table 1.13. Sulfate mass balance for 2011 for theWZTS showing influent and effluent sulfate concentraons, total mass removed weekly,

and percent removed weekly. The bold red values stv extreme percent removed weekly values.

Total Mass| Percent
Date Week RAW FGDWW ConFczeArYtVration C!)er:[e)r\ﬁlr\;\{ion Pg/llliignt LS Conclt_aitration Pg/llliignt Removed | Removed
(8] L) (L) Weekly Weekly
(mglL) (mg/L) (mg) (mg/L) (mg) @ (%)
1/4-1/10 1 3838 0 1.5E+02 0 0 5.7E+02 0 0 #DIV/0!
1/11-1/17 2 74928 0 1.5E+02 0 0 5.7E+02 0 0 #DIV/
1/18-1/24 3 244787 2458 1.5E+02 363780 0 5.7E+02 0 364 100%
1/25-1/31 4 1404975 8063 1.5E+02 1193388 0 5.7E+02 0 1193 100%
2/1-2/7 5 1727647 0 1.5E+02 0 0 5.7E+02 0 0 #DIV/0!
2/8-2/14 6 1018071 42071 1.5E+02 622657D 0 5.7E+02 0 6227 100%
2/15-2/21 7 345354 206869 1.5E+02 30616683 0 5.7E+02 0 30617 100%
2/22-2/28 8 804425 439798 1.5E+02 65090053 0 DZE+ 0 65090 100%
3/1-3/7 9 555354 453771 1.5E+02 67158043 0 5.7E+02 0 67158 100%
3/8-314 10 477039 448934 1.5E+02 66442219 676930 .7E+B2 388557564 -322115[ -485%
3/15-3/21 11 449862 403326 1.5E+02 59692272 | 794629 5.7E+02 456116863 -396425 -664%
3/22-3/28 12 477041 477041 1.5E+02 70602124 851842 5.7E+02 488957504 -418355 -593%
3/29-4/4 13 477036 442801 1.5E+02 65534605 | 924108 5.7E+02 530438237 -464904 -709%
4/5-4/11 14 403712 333618 1.5E+02 49375522 4437 7E#H2 2546835 46829 95%
4/12-4/18 15 475294 429557 4.3E+03 1864278129 618617 1.9E+03 1156814337 | 707464 38%
4/19-4/25 16 429744 397270 4.3E+03 172415349 4H85 1.9E+03 1493276519 230877 13%
4/26-5/2 17 445556 444342 1.5E+03 684286749 | 556057 1.8E+03 995342578 -311056 -45%
5/3-5/9 18 476990 476986 1.5E+03 7345591p4 592120 1.8E+03 1059895099 -325336 -44%
5/10-5/16 19 436706 436367 1.5E+03 672004649 | 541199 1.8E+03 968745866 -296741 -44%
5/17-5/23 20 473027 472512 4.7E+03 2216081903 31B2 1.9E+03 221092140 5161 0%
5/24-5/30 21 476988 476985 4.7E+03 2237057759| 2312454 1.9E+03 4324288840 -2087231 -93%
5/31-6/6 22 465465 461665 1.3E+02 4.3E+03 203599482511595 1.5E+03 36669292117 -1631423 -809
6/7-6/13 23 476988 454262 1.2E+02 5.0E+03 2329024175| 452238 1.2E+03 520073958 | 1808950 78%
6/14-6/20 24 476992 476988 1.2E+02 5.0E+03 24426519 973860 1.2E+03 1119939456 1322719 549%
6/21-6/27 25 476994 476996 1.2E+02 5.0E+03 2442696046| 699257 1.2E+03 804145737 | 1638550 67%
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6/28-7/4
7/5-7/11
7/12-7/18
7/19-7/25
7/26-8/1
8/2-8/8
8/9-815
8/16-8/22
8/23-8/29
8/30-9/5
9/6-9/12
9/13-9/19
9/20-9/26
9/27-10/3
10/4-10/10
10/11-10/17
10/18-10/24
10/25-10/31
11/1-11/7
11/8-11/14
11/15-11/21
11/22-11/28
11/29-12/5
12/6-12/12
12/13-12/19
12/20-12/26
12/27-1/2/2012

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

476994
476992
472442
0
0
542690
463401
477002
476933
468958
476994
477000
204427
351840
415896
427888
469921
476988
476988
416467
177812
476988
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951929
950135
824622
679947
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463020
0
0
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0
0
0
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606484
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1.2E+02
1.2E+02
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1.3E+02
1.2E+02
1.2E+02
1.2E+02
1.1E+02
1.2E+02
1.2E+02
1.3E+02
1.2E+02
1.1E+02
1.2E+02
1.2E+02
1.2E+02
1.0E+02
1.1E+02
1.1E+02
1.1E+02
1.1E+02
1.1E+02
1.1E+02
1.0E+02
9.8E+01
1.0E+02
9.6E+01

5.0E+03
4.6E+03
5.0E+03
5.1E+03
5.2E+03
6.1E+03
5.6E+03
4.9E+03
6.1E+03
5.6E+03
4.8E+03
4.2E+03
3.9E+03
3.9E+03
3.9E+03
4.0E+03
4.1E+03
4,1E+03
3.3E+03
3.8E+03
3.2E+03
3.2E+03
3.0E+03
3.3E+03
3.3E+03
3.7E+03
4.0E+03

19859571
2252921072
2390503

0

0
2347600035
2647329
2336368555
29608414
2691269926
1058959
57716968
220781
41517128

1838541
2062841404
214885
2441373304
2199887
2260211635
708888
1798511127
423330
2118590768
196025
1768730580

72455161
766080
3 303972
21343
1
392520
9972470
1450070
7 434178
533899
02793925
1278692
b7 5352
252640
584152
805933
846823
859377
71086266
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1501363
1989910
1724703

1168017

984962

1.2E+03
2.8E+03
2.8E+03
2.8E+03
2.8E+03
2.6E+03
3.0E+03
2.8E+03
2.6E+03
2.6E+03
3.1E+03
2.9E+03
2.6E+03
2.7E+03
2.7E+03
3.0E+03
2.6E+03
2.5E+03
2.2E+03
2.4E+03
2.5E+03
2.5E+03
2.0E+03
1.7E+03
1.6E+03
1.4E+03
1.4E+03

523434641
2129702126

860241754

60400432

2120
1012700486
286878542
4016694232
111583752
1409493413
246910678
3657060307
1703468824
682126698
157721108
2393621292
223561401
2122662255
243323652
3719088034
100736653
2777899216
305454419
2522290187
310425954
2380089452

B

7

7/

6

3

v

8

6

5

140849602

1

1462523

123219

1530242

-60400
-2
1334900
-22145
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18450Q9
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-3599343
-168139
-640610
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-330780
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i

P

1219349
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D2
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74%)
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64%
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#DIV/0!
57%
-8%
-12%
62%
48%
-133%
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14%
-16%
-4%
13%
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-65%
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-54%
299
-19%
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-35%
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Table I.14. Sulfate mass balance for 2012 until Mag2 for the CWTS showing influent and effluent sulite concentrations, total mass

removed weekly, and percent removed weekly. The labred values show extreme percent removed weeklyales.

Total Mass  Percent
Date Week RAW FGDWW ConlzeArthration Cgrigmion PcI:/Illif:nt LS Concléitration PcI:/Illif:nt Removed  Removed
(L) (L) (L) Weekly Weekly
(mg/L) (mglL) (mg) (mglL) (mg) @ (%)
1/3-1/9 1 951929 565700 9.6E+01 4.0E+03 2342488437 1406015 1.4E+03 2010602161 331886 14%
1/10-1/16 2 951921 590914 1.1E+02 3.8E+03 235133459433115 1.4E+03 1949036754 402298 17%
1/17-1/23 3 951172 641502 1.0E+02 3.5E+03 2368889111 1402139 1.5E+03 2159294423 209595 9%
1/24-1/30 4 951740 500291 1.1E+02 3.2E+03 170062084.431457 1.6E+03 2247387883 -546767 -329
1/31-2/6 5 949756 488753 1.1E+02 3.9E+03 2015499121 1563137 1.4E+03 2219653950 -204155 -10%
2/7-2/13 6 653867 397596 1.1E+02 3.9E+03 16265257896010046 1.4E+03 1434265723 192260 12%
2/14-2/20 7 475934 369277 1.1E+02 4.8E+03 1818809225 1059859 1.5E+03 1589787776 229021 13%
2/21-2/27 8 475936 432515 1.1E+02 4.8E+03 212172239936829 1.5E+03 1405243273 716479 34%
2/28-3/5 9 475942 353005 1.1E+02 4.7E+03 1727500061 701668 1.9E+03 1361235363 366265 21%
3/6-3/12 10 473283 283189 1.1E+02 4. 7E+03 139626795707119 1.9E+03 1371810289 24458 2%
3/13-3/19 11 443980 434017 1.2E+02 4.6E+03 2027611879 837526 2.1E+03 1775555420 252056 12%
3/20-3/26 12 471946 512541 1.2E+02 4.6E+03 2388PP30 1380029 2.1E+03 2925660729 -537438 -239
3/27-4/2 13 155169 155666 1.2E+02 4.6E+03 726746366 250117 2.1E+03 530248671.7 196498 27%
4/3-4/9 14 447109 446173 1.2E+02 4.6E+03 208329422861708 2.1E+03 1614821234 468473 22%
4/10-4/16 15 446434 446132 1.4E+02 8.7E+01 101760704 737546 4.1E+03 3053439802 -2951679  -2901%
4/17-4/23 16 439360 438674 1.4E+02 8.7E+01 10010449504785 4.1E+03 2089808496 -1989694 -1987%
4/24-4/30 17 367001 364210 1.4E+02 8.7E+01 83433426 592054 4.1E+03 2451101672 -2367668  -2838%
5/1-5/7 18 420572 419357 1.4E+02 8.7E+01 95784814 42968 4.1E+03 2247887973 -2152103 -2247%
5/8-5/14 19 394169 390456 1.2E+02 4.1E+03 1655189709 440115 5.1E+03 2222579164 -567389 -34%
5/15-5/21 20 381848 380327 1.2E+02 4.1E+03 16128050 213482 5.1E+03 1078084518 533921 33%
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Boron

Weekly Boron Input/Output-2011
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Figure I.1. Weekly input and output mass of boronjn grams, for 2011.

Figure 1.1 displays the weekly input and outpussaf boron, in grams, for 2011, in
which the darker purple represents the mass ofrbentering the CWTS and the light purple
represents the mass of boron leaving the CWTSs fidure is a better representation of how
much boron entered each week compared to how masheleased each week, as well as
determine how much was removed each week, whictdgasssed earlier in Figure 4.65 for
2011. The average weekly input of boron for 20k wbout 1,700 g [3.75 Ib}, while the
average weekly output of boron also 2011 was ab@@0 g [2.87 Ib]; therefore, in 2011, the
percent of boron removed weekly was only 23.5%m&waveeks show the same amount of boron
added into the CWTS as released by the CWTS, sualeak’'s 17-19. From this data, 21 weeks
out of the 37 weeks the CWTS was in use the ammiumbron entering the CWTS was greater
than the amount of boron leaving the CWTS, which positive outcome for the CWTS,
showing its ability to uptake and hold boron withine cells of the wetland system. On the other
hand, the remaining 13 weeks allowed more bordreteleased by the CWTS instead of being
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captured within the cells. There are two posgibgion why this occurred including
maintenance to the wastewater treatment buildiagudised earlier, as well as large rain events
which might have added extra boron into the sysiathhad to be released to maintain a specific

water capacity in each of the wetland cells.

Weekly Boron Input/Output-2012
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Figure I.2. Weekly input and output mass of boronjn grams, for 2012 until May 22'%.

For 2012, Figure 1.2 represents the weekly injmgk @utput mass of boron, in grams,
until May 22" when research was completed at JEC CWTS. Thagweveekly input of boron
in 2012 was 3,000 g [6.61 Ib], which was 43% inseem weekly boron input, while the average
weekly output of boron in 2012 was about 2,600.33b], a 50% increase in weekly boron
output from the CWTS to Lost Creek. With the largmount of boron entering and leaving the
CWTS, the weekly percentage removed for the 20 weeds only 13%. Even though 12 weeks
out of the 20 resulted in more boron input tharpaytthe results show a decreasing ability to

remove boron from the wastewater through the CWTS.
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Manganese

Weekly Manganese Input/Output-2011
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Figure 1.3. Weekly input and output for the mass ofmanganese, in grams, for 2011.

Figure 1.3 represents the weekly input and oufiputhe mass of manganese, in grams,
for 2011. This figure shows a better representatioexactly how much manganese was
released by the CWTS into Lost Creek. The avevaggkly input of manganese into the CWTS
was about 875 g [1.93 Ib], while the average weekitput of manganese by the CWTS was
about 2,300 g[5.07 Ib]; therefore, in 2011, thecpat of manganese removed weekly was -
163%, showing 100% of the manganese entering th& £®so exited the CWTS, along with

an extra 63% of manganese.

264



Weekly Manganese Input/Output-2012
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Figure 1.4. Weekly input and output for the mass ofmanganese, in grams, for 2012 until
May 22"

For 2012, Figure 1.4 represents the weekly inmak @utput for the mass of manganese, in
grams, until May 2% or week 20. Out of the 20 weeks the CWTS waktstihg researched,
only 8 of the weeks resulted in a higher input @inganese than output, allowing more
manganese to be released in the remaining 12 wddlesaverage weekly input of manganese
over these 20 weeks was about 1,800 g[3.97 Ib]Jewwhe average weekly output of manganese
was 1,300 g[2.87 Ib]; therefore, in 2012, the petad manganese removed by the CWTS was
about 28% weekly manganese removal. Compareditb, 20e first 20 weeks in 2012 showed a
greater percent manganese removal, but the remgal@inveeks within the 20 show a higher
release of manganese than input, showing the plitysib the 28% weekly manganese removal

to decrease dramatically if research was still peonducted at the CWTS.
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Mercury

Mercury Removed-2011
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Figure 1.5. Weekly total mercury mass removal, in gams, for 2011. Above each bar shows

the percentage removed for the specific week. NOTH there is no percentage, this means

the percentage is above a one-hundred value, eithpositive or negative, unless stated

otherwise.

Figure 1.5 shows the weekly total mercury massonaat in grams, for 2011, with the

percentage removal for each week above each béh this figure, some of the bars are missing

on the bar graph, which is due to no mercury emgeor leaving the CWTS for that specific

week. There are 10 weeks out of the year whemeraury entered or left the CWTS. Besides

these 10 weeks, only one week (week 44) during 284dlted in a weekly removal of 3%, while

all the other weeks resulted in a 100% weekly nrgroemoval.
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Mercury Removed-2012
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Figure 1.6. Weekly total mercury mass removal, in gams, for 2012 until May 22nd. Above
each bar shows the percentage removed for the spigciweek. NOTE: If there is no
percentage, this means the percentage is above admndred value, either positive or

negative, unless stated otherwise.

Figure 1.6 shows the weekly total mercury massonaat in grams, for 2012 until May
22", In 2012, only 2 weeks out of the 20 weeks theT®MWas being researched resulted in no
mercury entering or leaving the wetland. The renmg 18 weeks almost all resulted in a
weekly mercury removal of 100% minus one week, w&ekhich had a weekly mercury

removal of 80%.
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Weekly Mercury Input/Output-2011
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Figure 1.7. Weekly input and output for 2011 for the mass of mercury in grams.

Figure 1.7 shows the weekly input and output ot 2 for the mass of mercury in grams.
The average weekly input of mercury for 2011 wasual 70 mg[0.0236 oz], while the average

weekly output of mercury was 4 mg [1.4 X“16z]; therefore, the overall average weekly

removal of mercury for 2011 was 99%. The mercurcpntage removal is the highest of all the

pollutants tested for, showing the CWTS has thitalbo remove such a harmful pollutant from

the water stream before it is released into LoseKiand eventually to the Kansas River.
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Weekly Mercury Input/Output-2012
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Figure 1.8. Weekly input and output for 2012 untilMay 22" for the mass of mercury in

grams.

Figure 1.8 shows the weekly input and output 10t 2 until May 22 for the mass of
mercury in grams. Similar to 2011, most of the cuey input each week is removed by the
CWTS and little to no mercury is released. Theage weekly input of mercury for the 20
weeks in 2012 was 780 mg[0.0275 oz], while the ayemweekly output of mercury was 20
mg[7.05 x 10 oz] ; therefore, for 2012, the average weekly ercemoval of mercury was
97%, decreasing by 2% from 2011.
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Selenium

Weekly Selenium Input/Output-2011
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Figure 1.9. Weekly input and output for 2011 for the mass of selenium in grams.

Figure 4.85 shows the weekly input and outpulfaitl for the mass of selenium in
grams. This figure shows there was a lot of salartio enter the CWTS in 2011, but only a
minimal amount of selenium left the CWTS, whichaiplus for this system. Out of the 38
weeks the CWTS was under research in 2011, onlgeksrhad more selenium leave the CWTS
than enter. The average weekly input of selenitm the CWTS in 2011 was about 62 g[0.137
Ib], while the average weekly output of seleniunsvadout 8 g[0.018 Ib]; therefore, the average

weekly percent removal of selenium for 2011 wasiado87%.
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Weekly Selenium Input/Output-2012
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Figure 1.10. Weekly input and output for 2012 untilMay 22™ for the mass of selenium in

grams.

Figure 4.86 shows the weekly input and outpufak2 until May 22 for the mass of
selenium in grams. In 2012, there were no weelerevbelenium output exceeds selenium input
unlike 2011 which had 3 weeks of more selenium wiiigan input. The average weekly
selenium input for the 20 weeks in 2012 was ab8uj[8.086 Ib], while the average weekly
selenium output was around 11 g[0.024 Ib]; theesftre average weekly selenium removal was
about 72%.
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Chloride

. Weekly Chloride Input/Output-2011
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Figure 1.11. Weekly input and output for 2011 for he mass of chloride in grams.

Figure 1.11 shows the weekly input and outputXot 1 for the mass of chloride in grams.
For the year, about half the weeks have more déddeaving the CWTS than entering, while the
other half have more chloride entering than leatirgCWTS. The average weekly input of
chloride into the CWTS was about 340,000 g[750Wdjile the average weekly output of
chloride from the CWTS was about 360,000 g[794 tigrefore, the average weekly removal of
chloride for 2011 was about -1%.
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Weekly Chloride Input/Output-2012
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Figure 1.12. Weekly input and output for 2012 untilMay 22" for the mass of chloride in

grams.

Figure 1.12 represents the weekly input and oupu2012 until May 2% for the mass
of chloride in grams. Out of the 20 weeks the CWWES being researched in 2012, eight out of
the twenty week’s output more chloride weekly thdrat is input. The average weekly chloride
input into the CWTS was around 451,500 g[995 Idjilevthe average weekly chloride output
was about 447,000 g[985.5 Ib]; therefore, the ayemaeekly removal of chloride for the first 20

weeks in 2012 was about 1%.
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Fluoride

Fluoride Removed-2011
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Figure 1.13. Weekly total fluoride mass removal, igrams, for 2011. Above each bar shows
the percentage removed for the specific week. NOTH there is no percentage, this means
the percentage is above a one-hundred value, eithpositive or negative, unless stated

otherwise.

Figure 1.13 displays the weekly total fluoride masmoval, in grams, for 2011, in which
each bar shows the percentage of fluoride remaweédch specific week. Fluoride removal
began early in the year, with 100% weekly removdlumride, because only water was entering
the CWTS to fill up all the cells with water andtbfore, no water was leaving, resulting in
100% removal. When water began to be releasedtlier®WTS, which was week 10, the
fluoride weekly removal was -1%, -31%, -19%, an@l%3for the next four weeks. The excess
fluoride leaving the CWTS was more than likely adyup of fluoride that was not retained
within the cells well when the CWTS was being filleéherefore, once the water was being
output, the fluoride not taken up by the plantsaped, showing negative weekly removal
percentages. After these four weeks of negativeklyegemoval percentages, fluoride was
removed by the CWTS at an average weekly removares for the next fifteen weeks, until

weeks 29 and 30 where no water was entering the EWIE to maintenance issues. After the
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maintenance issues were fixed, fluoride continodoetremoved at high weekly removal
percentages with an average weekly fluoride remo#/86% for the next six weeks.

Despite the high weekly fluoride removal perceetagveeks 37-39 show an output of
fluoride, because of no water entering the CWTStduaore maintenance issues; however,
water was still leaving the CWTS, allowing fluoritteleave. After these three weeks, fluoride
removal continued at positive weekly removal petages until the end of the year. The average
weekly fluoride removal for the remaining 13 weekf011 was around 77%, which was about

a 20% decrease from earlier in the year.

Fluoride Removed-2012
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Figure 1.14. Weekly total fluoride mass removal, igrams, for 2012 until May 22nd. Above
each bar shows the percentage removed for the speciweek. NOTE: If there is no
percentage, this means the percentage is above admndred value, either positive or

negative, unless stated otherwise.

Figure 1.14 shows the weekly total fluoride mam®oval, in grams, for 2012 until May
22" with weekly fluoride removal percentages abovendzar. Compared to 2011, every week
in 2012 shows a positive weekly fluoride removawever, the percentage values are not as
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high as seen in 2011. The highest weekly fluoredeoval percentage occurred on week 10,
with a 74% removal, which is 3% below the lowesellg average removal for 2011. For 2012,

the average weekly removal for fluoride was ab@%5

Weekly Fluoride Input/Output-2011
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Figure 1.15. Weekly input and output for 2011 for e mass of fluoride in grams.

Figure 1.15 shows the weekly input and outputXot 1 for the mass of fluoride in grams.
During 2011, only about 8 weeks out of the yearehaore fluoride leaving the CWTS than
fluoride entering. The average weekly input obfide into the CWTS was about 6770 g[15 Ib],
while the average weekly output of fluoride wasw&l&b0 g[1.43 Ib]; therefore, in 2011, the

average weekly fluoride removal by the CWTS wasual80%.
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Weekly Fluoride Input/Output-2012
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Figure 1.16. Weekly input and output for 2012 untilMay 22™ for the mass of fluoride in

grams.

Figure 1.16 represents the weekly input and oupu2012 until May 2% for the mass

of fluoride in grams. Unlike 2011, every week 012 show more fluoride entering the CWTS

than the amount of fluoride leaving. The averagekly input of fluoride into the CWTS was
about 8015 g[17.7 Ib], while the average weeklypatiof fluoride from the CWTS was around
3730 g[8.22 Ib]; therefore, in 2012, the averagekiyeremoval of fluoride was about 53%, a

37% decrease from 2011.
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Sulfate

Weekly Sulfate Input/Output-2011
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Figure 1.17. Weekly input and output for 2011 for e mass of sulfate in grams.

Figure 1.17 shows the weekly input and outputX0t 1 for the mass of sulfate in grams.
Over half of the weeks in 2011 have more sulfazéasihg the CWTS than what entered the
wetland. The average weekly input of sulfate i CWTS was about 1,300,000 g[2,866 Ib],
while the average weekly output of sulfate was aliod1.3,000 g[3,115 Ib]; therefore, the

average weekly removal of sulfate in 2011 was ak@fit
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Weekly Sulfate Input/Output-2012
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Figure 1.18. Weekly input and output for 2012 untilMay 22™ for the mass of sulfate in

grams.

Figure 1.18 represents the weekly input and oufpu2012 until May 2% for the mass
of sulfate in grams. Unlike 2011, only eight weeks of the twenty weeks of operation in 2012
resulted in more sulfate being released by the CWias the amount of sulfate entering the
wetland. The average weekly input of sulfate fot2was about 1,518,000 g[3,347 Ib], while
the average weekly output of sulfate was aboutQL,(8® g[4,167 Ib]; therefore, in 2012, the

average weekly removal of sulfate was about -25%.

279



