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Acronymsand Abbreviations

2-D - two dimensional
acpowm - absorption coefficient for CDOM

AOPs - apparent optical properties (SOd()\) KO(PAR) r, DK

a(A) - spectral absorption coefficient
a* (A) - spectral absorption cross-section for comporent
a, - absorption coefficient for component x (x = P@OC, PAV, water)

b(A) - spectral scattering coefficient
b* (M) - spectral scattering cross-section for comporent

c(A) - spectral beam attenuation coefficient

c_ - beam attenuation illuminance coefficient

Cego - beam attenuation coefficient (BAC), surrogatéuobidity (Tn), light scattering
coefficient and TSS measured in the legy orin situ (Cggo_f)

CE-QUAL-W?2 - a public access model developed byutte. Army Corps

Chl-a - fluorometric chlorophylh, a trophic state metric, proxy for phytoplanktao-b
mass measured in lab (Clil-and measurenh situ (Chl-a_f)

CHWWTP - Cayuga Heights Wastewater Treatment Plant

CU - Cornell University

DOC - dissolved organic carbon; measured in lalgjeng of two estimated fractions =
LDOC + RDOC

DOW - division of water

DQOs - data quality objectives

E4(z) - downwelling irradiance

EL - EcolLogic

EPA - see USEPA; Environmental Protection Agency

FSS - fixed suspended solids; measured in the lab

IAWWTP - Ithaca Area Wastewater Treatment Plant

IPA - individual particle analysis

|IOPs - inherent optical propertiea(d) a. (A), a ., b(A) , b (A), c(A),c)

ISPM - inorganic suspended particulate matter
Ko(PAR) - scalar PAR attenuation coefficient

Kd()\) - spectral downwelling attenuation coefficient

K - downwelling attenuation illuminance coefficient

I - coefficient for SD radiative transfer function

Lake2K - a three layer lake water quality modelaleped by S. C. Chapra
LAN - local area network

LSC - lake source cooling

LDOC - labile DOC,; estimated fraction of DOC

LPOC - labile POC; estimated fraction of POC
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LPOP - labile POP; estimated fraction of POP

LPIP - labile PIP; estimated fraction of PIP

LSUP - labile SUP; estimated fraction of SUP

MEG - modeling evaluation group

N - nitrogen

NCDC - National Climatic Data Center

NOAA - National Oceanic & Atmospheric Administratio

NOj3 - nitrate; calculated by difference (= NONO,)

NO,™ - nitrite; measured
NOy - the sum of nitrate and nitrite, measured; used phytoplankton nutrient

NYC - New York City

NYCDEP - New York City Department of Environmenabtection

NYSDEC - New York State Department of Environme@ahservation

NYSDOH - New York State Department of Health

OACs - optically active constituents (ChlDOC, CDOM, POC, PA\, FSS, gpowm)

OAC,, - concentration of optically active constituentscontributing to absorption of

irradiance
OAC,, - concentration of optically active constituentsgontributing to scattering of irra-

diance
P - phosphorus
PAR - photosynthetically active radiation (scataadiance)
PAV,, - projected area per unit volume, minerogenicigiag; measured using SAX; sum

of all particle size classes
PAV, i - PAV, for size class i; measured

PI - principal investigator

PN - particulate nitrogen; estimated from lab measients = TN - TDN

PP - particulate phosphorus; calculated = TP - b2 POP + PIP

PIP - particulate inorganic phosphorus; calculdteoh laboratory measurements = TIP -
SRP; made up of two estimated fractions = LPIP #RP

POC - particulate organic carbon; measured inghgrhade up of two estimated fractions
= LPOC + RPOC

POP - particulate organic phosphorus; estimatedenuig of two estimated fractions =

LPOP + RPOP

Q - flow

QAPP - Quality Assurance Project Plan

QA - quality assurance

QC - quality control

RDOC - refractory DOC; estimated fraction of DOC

RPIP - refractory PIP; estimated fraction of PIP

RPOC - refractory POC; estimated fraction of POC

RPOP - refractory POP; estimated fraction of POP

RSUP - refractory SUP; estimated fraction of SUP

RMSE - root mean square error

RPD - relative percent difference
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SAX - scanning electron microscopy interfaced wititomated image and X-ray analyses
SC - specific conductance
SCM - software configuration management
SD - Secchi disc
SEM - scanning electron microscope
Si - dissolved reactive silica, a nutrient for dias (also called DRSi)
SRP - soluble reactive phosphorus; measured in lab
SUP - soluble unreactive phosphorus; calculate®P TSRP; made up of two estimated
fractions = LSUP + RSUP
T - temperature
TAC - technical advisory committee
TIP - total inorganic phosphorus; measured in &te |
TOC - total organic carbon; calculated = POC + DOC
Tn - turbidity measured in lab (Tn) amdsitu (Tn_f)
Tn; - turbidity for size class i
TN - total nitrogen is the sum of the organic amakganic forms of nitrogen; measured in
the lab; made up of TDN + PN
t-NHj; - total ammonia, a phytoplankton nutrient
TDN - total dissolved nitrogen; measured in the fahde up of t-NH + NO, +DON
TDP - total dissolved phosphorus; measured ingbgrhade up of SRP + SUP
TMDL - total maximum daily load, a limit for matatiloading set for a constituent by a
regulatory agency
TP - total phosphorus; measured in the lab; mads TGP + PP
TSS - total suspended solids, a gravimetric measeme of sediments; measured in the
lab
UFI - Upstate Freshwater Institute
USACE - United States Army Corps of Engineers
USDA - United States Department of Agriculture
USEPA - United States Environmental Protection Agyen
USGS - United States Geological Survey
YSI - Yellow Springs Instrumentation
W2/T - hydrothermal/transport submodel for CE-QUAL2
WWTP - waste water treatment plant

CayugalLk_Phase2_QAPP_r0_12-2014.fm Page 12 of 50 AgHlaboratory ID 11462
Effective Date 1/15/15 Control Copy on lvory Paper cDment No. 29 Revision No. 0.0



UPSTATE FRESHWATER INSTITUTE QUALITY ASSURANCE PROJECT PLAN
224 Midler Park Drive, Syracuse, NY 13206

| ntroduction

The U.S. Environmental Protection Agency (USEPAS Haveloped the Quality Assurance
Project Plan (QAPP) as a tool for project managerdocument the type and quantity of data
needed to make an environmental decision (USEPBL,25EPA, 2002a; USEPA, 2002b). The
QAPP documents the methods for data collectionamsgssment. USEPA's mandatory Quality
System requires development, review, approval,isapdementation of a QAPP. The QAPP is a
blueprint for how the project will be carried outdhintegrates all the technical and quality aspects
of the project. The USEPA provides guidelines fevelopment of a QAPP; however, due to the
large diversity in environmental projects they allfor considerable flexibility in adapting the
QAPP requirements to a specific project. The USHBfned a graded approach to QAPPs and
modeling QAPPs in which the level of effort appliaddesigning a modeling QAPP is a function
of the model(s) intended use and the project saogdemagnitude (USEPA, 2002a). For example,
projects that involve Congressional testimony, evedlopment of new laws and regulations, or
support of litigation would require a higher lewélquality assurance and planning than a model
with non-regulatory priorities (USEPA, 2002a). TR&SEPA states “Still lower levels of
defensibility apply to basic exploratory researelquiring extremely fast turn-around, or high
flexibility and adaptability” (USEPA, 2002a). TheSEPA has defined categories 1- 4 (1 requiring
the highest level of effort and 4 the least) teedltbse involved in designing a QAPP to determine
the level of effort necessary (USEPA, 2006a). TISEBA also acknowledges that projects don't
always fit nicely into one of these four categomesl further supplied a list of requirements that
may apply to specific situations (USEPA, 2006a).

This QAPP has been prepared under the guidancé&pbin“EPA Requirements for Quality
Assurance Project PlanfUSEPA, 2001),“Guidance for Quality Assurance Project Plans”
(USEPA, 2002b), antiGuidance for Quality Assurance Project Plans foodgling” (USEPA,
2002a). Further guidance on delineating the QAPEcifpations was provided in two
supplemental documents obtained from the USEPAsitel{USEPA, 2006a). The first document
lists the requirements when the project uses sesgndata (USEPA, 2002c). The second
document lists the requirements when the projeatles development and/or application of a
research model (USEPA, 2003). The project describekis QAPP is a 2 year effort involving
modeling and associated data analysis, that camelspto the second phase of an overall two-
phase program. Review of the guidance documentdéeeloping QAPPs (USEPA, 2001;
USEPA, 2002b) and modeling QAPPs (USEPA, 2002aystdhat both types of QAPPs follow
the same general outline.

Phosphorus (P) plays a critical role in supportpignt growth in aquatic ecosystems.
Phosphorus has long been recognized as the mdasialcnutrient controlling phytoplankton
growth in most lakes in the northern temperatuneezoDegradation of water quality has been
widely documented for lakes that have received &sieely high inputs of P. The southern end of
Cayuga Lake has been designated as impaired byN#w York State Department of
Environmental Conservation (NYSDEC). One featurdhe impairment is concentrations of
total P (TP) that are deemed high; e.g., summerageeTP concentrations that in some years
exceed the State guidance value of 20 ug/L. TeeathCayuga Lake study that is specified here
will support the development and testing of a wajeality phosphorus/eutrophication model.
This initiative recognizes the bioavailability igstor external phosphorus inputs; e.g., that only a
portion of the total loading is in a form that canpport algal growth, and will effectively
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represent it in the overall program. Moreover, thmtiative recognizes that inorganic
(minerogenic) sediment can not be separated fraphiosphorus/eutrophication issues and the
associated model for this lake because this matetaferes with common trophic state metrics.
It is intended that this integrated model will bepable of supporting a phosphorus TMDL
analysis, for the targeted area, that may be cdadwstbsequently by the NYSDEC.

The overall Cayuga Lake study initiative has figehnical elements:

1. tributary monitoring to support specification dfynamic loading conditions, the
bioavailability of the external phosphorus inpuésid testing and application of the
watershed/land use model.

2. lake monitoring for water quality variables aethted biological communities.
3. atwo-dimensional hydrothermal/transport modetie lake.

4. watershed/land use modeling that will quantifg tlependence of tributary loading on
land use and meteorological drivers, and

5. a phosphorus/eutrophication model for the lake.

This work is being conducted in a phased manneagased to by Cornell University (CU)
and NYSDEC (Figure 1). Technical elements 1-4 wadlgart of Phase 1 of this overall two-
phase project that was successfully completed 14 20echnical element 5 corresponds to Phase
2. Phase 1 was covered in the first QAPP titldtase 1: Monitoring and Modeling Support for
a Phosphorus/Eutrophication Model for Cayuga Lake”This Phase 2 portion of the overall
Cayuga Lake project is covered in this QAPP addentiiled “Phase 2: A Water Quality Model
for the Phosphorus/Eutrophication Issue for Caylgkée'. For convenience throughout the
remainder of this QAPP it will simply be referrexds the Phase 2 project. This phased Cayuga
Lake project included Phase 1 in which an integraed balanced program of monitoring and
hydrothermal/transport and watershed/landuse muglelas completed, and Phase 2 in which a
phosphorus/eutrophication model that will be capabf supporting related management
applications, will be produced. This model may Iseduby the NYSDEC to conduct a TMDL
analysis for Cayuga Lake.

A. Project Management

A.l. Project Task/Organization

The purpose of this section is to present the azgéon and lines of communication for the
technical aspects of this project. This projectudes the following organizations:

» Cornell University (CU)

* New York State Department of Environmental Conagon (NYSDEC)
* EcolLogic (EL)

» Technical Advisory Committee (TAC)

* Modeling Evaluation Group (MEG)

» Upstate Freshwater Institute (UFI)
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Monitoring - UFI and Cornell
| * hydrothermal in-lake (UFI)

« water quality in-lake (UFI)

« plankton in-lake (UFI/Cornell)

» dreissenid mussels in-lake (Cornell)

« water quality in-stream routine (UFI)
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Figure 1 . Overall project chart showing the dietsbf the project into Phase 1 and Phase 2.

For details on the Phase 1 project please refdret@APP titled’Phase 1: Monitoring and
Modeling Support for a Phosphorus/Eutrophication ddbfor Cayuga Lake”. The Phase 2
project, is a collaboration between CU and NYSDEE illustrated in the organization chart
(Figure 2). The Project Managers for CU and NYDE@ &teve Beyers and Jeff Myers,
respectively. Liz Moran (EL) will support projeahanagement for CU. The scientist and
engineers responsible for the conduct of the ptaee from the Upstate Freshwater Institute
(UFI; Figure 2). Principal investigator (P1) andesall manager for UFI is Steven Effler; David
Matthews will serve as a Co-PIl and assistant manddEl's QC officer is Gina Kehoe. She is
responsible for overseeing all of UFI's quality tmh(QC). UFI will be responsible for the water
guality modeling. UFI will be responsible for geating the single comprehensive Phase 2 final
report. Technical stakeholder input, including rampiate supporting data sets, will enter the
project primarily from TAC and the MEG, through NWEC (Figure 2).

Information, insights and technical opinions Miitiw freely between UFI, EL, and CU staff
through the respective project managers. Moretwertechnical meetings are planned over
Phase 2 to promote effective briefing of NYSDECfiodings and to receive technical input from
the agency, the TAC and the MEG. Project key parsh their affiliations and their project title/
responsibilities are summarized in Table 1. Theggut organization (Figure 2) features multiple
forms of “checks and balances” to assure projedlityu Technical oversight and assurances
include: (1) the functioning and active communicatiamong the project Pl and project
managers, (2) inputs from the respective QA officef3) inputs from NYSDEC technical staff,
and (4) input from the TAC and MEG.

CayugalLk_Phase2_QAPP_r0_12-2014.fm Page 15 of 50 AgHlaboratory ID 11462
Effective Date 1/15/15 Control Copy on lvory Paper cDment No. 29 Revision No. 0.0



UPSTATE FRESHWATER INSTITUTE QUALITY ASSURANCE PROJECT PLAN
224 Midler Park Drive, Syracuse, NY 13206

Cornell University
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Figure 2 . Organizational chart for the overall #ha projectPhase 2: A Water Quality Model
for the Phosphorus/Eutrophication Issues for Cayugke”.

A.2. Project Definition/Background

The Finger Lakes of central New York (Figure 3 d Bhconsist of 11, elongated, north-south
oriented lakes. These lakes originated as prdaglatream valleys, which were subsequently
enlarged and deepened by a combination of ice aheglscial meltwater erosion during the
Pleistocene (Mullins and Hinchey, 1989; Mullinsagt 1996). The modern Finger Lakes were
last structured during the late Wisconsinan byrgesof the Laurentide ice sheet (Lajewski et al.,
2003). Calcareous soil occurs widely, particulanlythe watersheds of the eastern Finger Lakes
Bloomfield, 1978). European settlement of theseevgdieds occurred in the late 1700s and early
1800s. The Finger Lakes were the focus of somkeoéarliest limnological investigations (Birge
and Juday, 1914; Birge and Juday, 1921) in theddrfitates. Most of the Finger Lakes are multi-
use systems. This system of lakes presently stgopp@ubstantial tourism industry. The esthetics
of these lakes is an important feature of theiouese value.

Cayuga Lake (42.69 °N; 76.69 °W) is the fourth eashost of the New York Finger Lakes

(Figure 3b). It has the second largest volume ($.38-m’) and the largest surface area of the
Finger Lakes (Schaffner and Oglesby, 1978). Themaea maximum depths are 55 and 133 m,
respectively. This alkaline hardwater lake has anwanonomictic stratification regime,
stratifying strongly in summer, but only rarely ééping complete ice cover (Oglesby, 1978).
The hypolimnion remains well oxygenated (Oglesi®78). The lake is mesotrophic with an
intermediate level of biological productivity (Galhn, 2001). The average retention time of the
lake is about 10 years (Shaffner and Oglesby, 1M8gh of the tributary inflow received by the
lake enters at the southern end of the lake; &gyt 40% of the tributary inflow is contributed by
Fall Creek, Salmon Creek, Six Mile Creek, and Cayundet. Parts of the shallow southern end of
the lake were bordered by a marsh before it wkeslfih the early 1900s to support development.

CayugalLk_Phase2_QAPP_r0_12-2014.fm
Effective Date 1/15/15

Page 16 of 50
Control Copy on lvory Paper

AgHlaboratory ID 11462
cDment No. 29 Revision No. 0.0



UPSTATE FRESHWATER INSTITUTE QUALITY ASSURANCE PROJECT PLAN

224 Midler Park Drive, Syracuse, NY 13206

Table 1:  Project Key personnel, affiliations arnbt&tresponsibility.
No. Project Personnel Affiliation Title/Responsibility
1 Jeff Myers NYSDEC Project Contact
2 Steve Gladding NYSDEC technical oversight
3 Diane Carlton NYSDEC Community Outreach
4 Susan VanPatten NYSDEC Community Outreach
5 Jason Fagel NYSDEC QC Officer
6 William Joyce cu Egorfrzzt?ei;eétﬁ;i?nd Executive
7 Steve Beyers Cu Project Manager
8 Steve Effler UFI Lake Science and Modeling
9 David Mathews UEI IC_:?)ifEISCience and Modeling
10 | Gina Kehoe UFI QC Officer
11 | Liz Moran EL project management support
12 | Antony Tseng EPA EPA project manager
13 | Dave Mitchell Abt Associates manager of MEG
14 | Brian Cummings Queens University MEG member
15 | Devendra Amatya US Forest Service MEG member
16 | Stewart Rounds USGS MEG member
17 | Scott Wells E?\:&:Ps?;tate MEG member
18 | Aaron Ristow Tompkins County Soll TAC member
& Water
19 | Dick Yager USGS TAC member
20 | Roxy Johnston \C/:\;g'iec;fs::zgcgoordinator TAC member
Finger Lakes Institute/
21 | John Halfman Hobart William Smith | TAC member
Colleges
22 | Rosella O’'Conner EPA TAC member

CayugalLk_Phase2_QAPP_r0_12-2014.fm
Effective Date 1/15/15

Page 17 of 50

Control Copy on lvory Paper

AgHlaboratory ID 11462
cDment No. 29 Revision No. 0.0



UPSTATE FRESHWATER INSTITUTE QUALITY ASSURANCE PROJECT PLAN
224 Midler Park Drive, Syracuse, NY 13206

(a)

New York
State

(b) Cayuga

‘h:i:ico
Conesus Honeoye \ Skaneateles
\’ ‘ Owasco
‘Canandaigua
HemlockN o dice ﬂ

Seneca

Keuka

Figure 3. Map of (a) Finger Lakes location in N¥éavk State, (b) Cayuga Lake’s position
within the Fingers Lakes System, and (c) a bathgimetap of Cayuga Lake.

Phytoplankton growth in the lake is P limited (Gidig, 1978). Zebra mussels invaded this lake
and other waters of the region in the early to &8@0s (New York Sea Grant, 2000). Quagga
mussels had invaded the lake by the early 2008s. City of Ithaca (population ~30,000) borders
the southern end of the lake and is the largestrudenter in the watershed.

Cayuga Lake is an invaluable resource to the rethianis used for contact recreation, fishing,
navigation, as a water supply by several commumiaiesource of cooling water, and for disposal
of treated municipal wastewater. The shallow sautlead of the lake receives effluent from two
domestic wastewater treatment facilities (IthacaaAwaste Water Treatment Plant (IAWWTP),
Cayuga Heights Waste Water Treatment Plant (CHW\WWRh average discharge flows of 0.3

and 0.05 n¥s, and spent cooling water from a "lake sourceliegd (LSC) facility (Cornell

University). The limit for the concentration of éafphosphorus (TP) of the WWTP effluents had
been 0.4 mg/L for IAWWTP and 0.5 mg/L for the CHW¥R/TSubstantial reductions in effluent
concentrations and loading of P from the CHWWTP B&SMIWTP have been achieved recently
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from upgrades in treatment. Presently point soaosdributions to the total bioavailable P load
to the lake are less than 5% (Prestigiacomo e2@l5; UFI, 2014).

Since early July 2000, cold water has been withdrénom a depth of 73 m by the LSC
facility and returned to the shallow waters of smthern end of the lake. The discharge flow

varies seasonally, from ~0.6%w in the cold months to ~23s in summer. This represents an
artificial form of internal cycling of P. Conditis in the shallow southern end of the lake have
generally been considered degraded relative tqéhagic zone (Oglesby, 1978). This shallow
southern zone, demarcated as the southernmostvhleme depths are less than 6 m (Figure 3c),
is designated here as the "shelf". There is greatarn for water quality on the shelf because of
the localized inputs, the proximity to the areamyést population center, and the associated
demand for the lake's resources. Government regslatve identified phosphorus (P; cultural
eutrophication), "silt/sediment” and bacteria (pulblealth indicator) as water quality issues of
concern for the shelf.

Phosphorus has long been recognized as the mbesalcniutrient controlling phytoplankton
growth in most lakes in the north temperature zddegradation of water quality has been widely
documented for lakes that have received excesshigly inputs (loads) of P (Wetzel, 2001).
One feature of the designated impairment of theéhgwo end of Cayuga Lake is high total P
concentrations. In certain years the NYSDEC's ajuté value of 20 ug/L (as a summer average
in the upper waters) has been exceeded. Elevatszkotrations of P may be accompanied by
high concentrations of phytoplankton biomass, dgated by the concentration of chloropreyll
(Chl-a), and diminished water clarity, as measured witBezchi disc. Contemporary water
qguality management is usually guided by mathemlativadels that quantitatively couple the
effect of inputs, both external (point and non-ppand internal (within lake cycling), with in-
lake concentrations and associated attributes tdrvgaiality (Chapra, 1997).

Thermal stratification is an ubiquitous phenomeimodeep lakes in temperate climates and is
an important regulator of commonly monitored feasuof water quality (Wetzel, 2001). Features
of stratification and its interplay with water mmti mediate the cycling of key constituents,
including phosphorus, and metabolic rates. Theatifes are dependent on a number of factors
(or drivers), including basin morphometry, settitnydrology, and meteorological conditions.
Substantial year-to-year variations in stratifioatmixing occur as a result of natural variatiams i
meteorological conditions. A mechanistic mathenaticmodel is necessary to simulate the
thermal stratification/mixing regime, as a functiohthe various drivers, as part of an overall
initiative to develop a mechanistic lake water guyahodel, where the water quality feature(s) of
interest depends on this regime. Accordingly, drbthermal/transport model serves as the
underpinning physical framework (a key sub-modeif)the overall water quality model. To first
set-up and test (separate from the overall watalitunodel) the hydrothermal/transport model,
as adopted in this project's phased approach,ad gwdeling practice. This was successfully
completed in Phase 1 of the study (Gelda et alL.520FI 2014)

It is now well recognized that all forms of phospl® are not immediately, nor ultimately,
available to support algal growth. Dissolved formhphosphorus are generally more available to
support algal growth than particulate forms (Effedral., 2012). The fraction of particulate
phosphorus that is bioavailable can differ widetyoagst tributaries and between effluents for
different municipal wastewater treatment facilitiféoung et al., 1982). Resolution of the
bioavailability of the important inputs of phospbsris important in driving phosphorus/
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eutrophication models, and in evaluating variousirees to guide effective rehabilitation
initiatives. Bioavailability bioassays were condeettfor both key tributaries and the primary
waste discharge to guide the development of loads fphosphorus/eutrophication model for
Onondaga Lake, that was implemented in a phospHAdviBL analysis.

The bioavailability bioassays for this Cayuga Lakedy were conducted in Phase 1 in the
same manner as those performed for the Onondagadtadty (Effler et al., 2012). The bioassays
were conducted using modifications of the Dual @t Diffusions Apparatus (DCDA)
developed by DePinto (1982), as applied to inpditthe Great Lakes (DePinto et al., 1981,
Young et al., 1982), the New York City reservois®m (Auer et al., 1998), various receiving
waters in Finland (Ekholm and Krogerus, 2003), @mbndaga Lake (Effler et al., 2002; Effler et
al., 2012). In these bioassays, phosphorus metilizom concentrated particulates diffuses
across a semi-permeable membrane and is taken phdsphorus-starved algage{enastrum
capricornutum. The bioassays provided both the fraction ofghéiculate phosphorus that is
bioavailable and a representation of the rate n¥ewsion to a bioavailable form.

A.3. Project/Task Description

A.3.1. Project Description

The Phase 2 project is organized into tasks (onetes) and sub-tasks. Together these tasks
will result in a tested mechanistic water qualitpdal that is focused on the P-eutrophication
issues for Cayuga Lake. These tasks or elemeaigsted below.

A. satisfy quality assurance (QA) requirements thiothe preparation of a Phase 2 addendum
(this document) to the Phase 1 QAPP, and execofidhe various QA elements stipulated
therein.

B. individual constituent model analysis

C. analysis of Cayuga Inlet Channel data to adjasstituent loads from contributing streams
for the effects of deposition within the channel

D. minerogenic particle submodel development antihiggs
E. optics submodel development and testing

F. development and testing of the nutrient-phytoktiam submodels, within the framework of
the overall integrated water quality model

G. development of external loading drivers for moddidation years
H. development of linkage(s) between the landusdaewater quality models

I. conduct and interpret long-term simulations wilie tested lake water quality model to
demonstrate effects of natural variations in dsver

J. prepare Phase 2 final project report

K. transfer of P-eutrophication water quality motteNYSDEC
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The overall Cayuga Lake project (see thigoduction of this QAPP for detailed description
of both Phase 1 and 2 project phases) goal is \elale and test a phosphorus/eutrophication
model (in Phase 2) for Cayuga Lake that addresseretated water quality issues and is capable
of supporting a phosphorus TMDL analysis for thetsern portion of the lake. These tasks
receive more treatment in the followigction (A.3.2.)

A.3.2. Project Tasks

This section expands on some of the tasks or elmndésted above irSection A.3.1,
providing related sub-tasks or components.

A. satisfy quality assurance (QA) requirements thiothe preparation of a Phase 2 addendum
(this document) to the phase 1 QAPP.

B. individual constituent model analyses

This task will provide diagnostic support for theeaall modeling initiative by developing
interim estimates of the magnitude of in-lake sprkcesses for selected constituents. As a

minimum it will be conducted for nitrate + nitrif®lOy; = nitrate (NQ") + nitrite (NG,); NO3
dominates). Other prospective constituents incllidsolved organic carbon (DOC), particulate
organic carbon (POC), total phosphorus (TP), anlibs® unreactive phosphorus (SUP).
Elements of analyses include:

1. use of a previously tested (Phase 1) two-dimeasibydrothermal/transport submodel
(W2/T; Gelda et al., 2015; UFI, 2014) as the phgfisiansport framework

2. use previously calculated (Phase 1) externalingadrates of selected constituent, at a
daily time step, for the study period of 2013 (Rgatomo et al., 2015; UFI, 2014).

3. use of in-lake measurements of the constituenthke study period of 2013, as previously
reported (UFI, 2014), as a basis for calibration

4. adjustment of net loss rate values, as necessanatch in-lake pattern (e.g., estimated
from calibration).

5. use hydrothermal/transport model to support lilmgical and preliminary mass balance
analyses.

6. performance will be evaluated graphically by e@egiof match to observations and
statistically according to the root mean-squarerdiRMSE) statistic.

C. analysis of Cayuga Inlet Channel data to adjasstituent loads from contributing streams
for the effects of deposition within the channel

It is acknowledged that deposition occurs in thietitChannel, thereby diminishing the
effective external loading from contributing stresa(including Cayuga Inlet Creek and Six Mile
Creek). Adjustments of the external loads willdzsed on measurements made with deployed
instrumentation made near the mouth of the chadoehg the study period of 2013. The
analysis has two elements

1. determination of outflow from the channel to thlkee, and
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2. use of turbidity-constituent relationships estdi#d for multiple particulate constituents
for these tributaries, to establish the effectisaacentration as these exit the channel into
the lake.

D. minerogenic particle submodel development antihiggs

The primary state variable to be predicted by thiomodel is the projected area of
minerogenic particles per unit volume (RAV Predictions of PAY, are invaluable as they are
linearly related to the effects of these partidad® concentrations and common optical metrics of
water quality. Testing of this submodel can bedumted outside of that for the overall water
quality model, as primary production (phytoplankgyowth) does not influence the minerogenic
particles. Elements of this modeling include:

1. use of previously tested (Phase 1) two-dimensibgdrothermal/transport submodel
(W2/T; Gelda et al., 2015; UFI, 2014), and its dr&; as the physical framework

2. use of previously calculated external loadingesa(Phase 1) of multiple size class
contributions to PAY,, at a daily time step, for the study period of 2QUFI, 2014)

3. use of in-lake measurements of RAYPhase 1) associated with the same size classes, a
previously reported for the study period of 201F [ 2014), as a basis for calibration

4. adjustment of loss rates associated with depasiéind perhaps aggregation, necessary to
match in-lake patterns of overall PA\and the contribution from the various size classes
(calibration)

5. validation of the submodel (good performance witte same coefficients) for
observations from a different year(s) (Peng anteEf2005; Effler and Peng, 2014)

E. optics submodel development and testing

Optical metrics of water quality such as Secchtlleirbidity, and the attenuation coefficient
for scalar irradiance are an important issue ferl#ke and interact with phytoplankton growth.
Simple empirical relationships between light ateimg constituents, described as optically
active constituents (OACs), and these optical nreasents have been found to be weak. Instead
a theoretically sound submodel will be developed t@sted. Elements of this modeling include:

1. use of previously reported (Phase 1) time sefi€ACs from the lake (UFI, 2014)

2. development of coefficients, often described mmsssections in the optics literature.
Some have already been developed and reportedayug@ Lake (Effler et al., 2015b;
UFI, 2014)

3. use of previously reported time series of inhewgstical properties (IOPs), including
absorption and scattering coefficients (Efflerlet2015a)

4. use of accepted equations to predict the optiessurements of water quality of interest
(Secchi depth (SD), and attenuation coefficientséalar irradiance; UFI, 2014)

5. compare these predictions to measurements madbase 1 (Effler et al., 2015a; UFI,
2014)

6. adjust coefficients as necessary to calibrate

7. validate for a different set of measurements nadpart of LSC monitoring (Effler and
Peng, 2014)
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F. development and testing of the nutrient-phytoktiam submodels, within the framework of
the overall integrated water quality model

This critical step requires the integration of titber separately tested submodels and will
yield the overall water quality model for the lakegnsistent with stated goals to support
simulations that target the P-eutrophication issuElements of this modeling include:

1. use of a previously tested (Phase 1) two-dimeasibydrothermal/transport submodel
(W2/T; Gelda et al., 2015; UFI, 2014), and its drivas the physical framework.

2. use of the separately tested minerogenic parsiclenodel (D. above), that influences/
contributes to the issues of nutrient (P) and phiatckton biomass and its effects

3. use of the separately tested optics submodell&ve), that influences/contributes to the
issue of phytoplankton biomass and its effect aircapmetrics of water quality

4. use of previously calculated external loadingsdbr multiple constituents (e.g., forms of
sediment (including PAY,) and other nutrients), necessary to support simouls of the

overall model (subsequently listed). These willuged at a daily time step for the study
period of 2013.

5. use of in-lake measurements that corresponcetstétie variables of the overall model, for
the study period of 2013, as a basis for calibnatio

6. appropriately represent the effects of zebra @qmagga mussel metabolism including
grazing and nutrient excretion

7. adjustments of coefficients that describe theyBlecand phytoplankton growth and
biomass, as well as the behavior of other modetetstduents, to match the primary
features of patterns

8. validation of the overall model, and thereby tlrient-phytoplankton submodels (good
performance with the same coefficients) for obsiowna from a different year (s).

G. development of external loading drivers for mogs®idation years

The primary bases to develop constituent loadgdars selected for validation testing are the
generally strong constituent-tributary flow (Q)agbnships developed from the intense 2013
program in Phase 1. Accordingly, the concentraticemn be estimated from the Q records, with
loads calculated (daily time step) as the prodéicbacentration and Q. These estimates may be
enhanced for intervals when measurements were made.

H. development of linkage(s) between the landusdalawater quality model

This task enables the evaluation of landuse managestenarios, by allowing output from
the landuse model to provide, or guide, the spmifin of loading inputs to the lake water
quality model. This may include creating linkages imperfectly matched land use model
outputs and lake model inputs, such as relatedferehces in state variables of the models.

I. conduct and interpret long-term simulations wilie tested lake water quality model to
demonstrate effects of natural variations in dsver

These simulations will represent the extent to Whiatural (e.g., year-to-year) variations in
model (lake water quality) drivers such as tribytdows and constituent loads, can cause
interannual variations of key metrics of lake wadgmality, and thereby potentially mask the
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effects of systematic management actions. Kewfeatenabling such model analyses include:(1)
long-term flow rate records for key tributaries) (Basonably long-term records of constituent
concentrations for key tributaries, and (3) reabbnatrong constituent concentration versus
stream flow relationships for key constituents. ddboutput will be interpreted and presented in
a probabilistic format.

J. prepare Phase 2 final project report

The report will summarize the development and ngstf the submodels and overall
modeling conducted in Phase 2. Parts or all ofépert may consist of manuscripts submitted to
(e.g.,in review) or published in professional joalm

K. transfer of P-eutrophication water quality motteNYSDEC

The model, to be provided by UFI as a product efRhase 2 work, will be suitable to provide
guantitative support for a P TMDL analysis; e.pattmay be conducted by NYSDEC. Cornell
University would not be involved in such an anaysie., not as an active participant nor as a
funder. The conduct of a P TMDL analysis would dagside of the scope of Phase 2 and
therefore is not covered in this Phase 2 QAPP.

A.3.3. Overview of M odeling Framework and Approach

A.3.3.1. Required Attributes of the Phosphor us-Eutrophication Model

A model is a theoretical construct that assigns emncal values to parameters and related
external inputs of forcing conditions to systemiaile responses (Thomann and Mueller, 1987;
Chapra, 1997). The results and limnological aredyef Phase 1 of this project provided
invaluable guidance in identifying the attributexjuired for a phosphorus (P)-eutrophication
model focused on the shelf of Cayuga Lake. Thppetting information was provided in the
final report for Phase 1. The presentation pravitere is consistent with that of the Phase 1
report (UFI, 2014).

A clear recurring “disconnect” of the three comnti@mphic state metrics, the concentration of
TP, the concentration of Cll-and Secchi depth (SD), has prevailed for thef steesus pelagic
waters of the lake. This disconnect is the laclsighificant differences in Cld-between the
shelf and pelagic waters of the lake, despite bledegraded TP (higher) and SD (lower)
conditions on the shelf relative to pelagic watefsie model will need to successfully represent
these different signatures. There are sound liogichl explanations for these differences (UFI,
2014) that will need to be quantified appropriatelythe overall model. The disconnect can be
considered to have two primary elements (1) thatgrecontributions of minerogenic particles
from the watershed to TP and SD conditions on Hedf,sand (2) the absence of locally greater
phytoplankton growth (and biomass) on the shelpdedigher concentrations of immediately
bioavailable forms of P (soluble reactive P (SRP)).

The first element requires a robust treatment afemugenic particles in the model that is
being addressed by a submodel, described subs@quérttis important role of minerogenic
particles supports the position that the sedinssue for the shelf can not be separated from the P
issue. The second of the above elements requodslmattributes that appropriately represent the
effects of (1) the short residence time of the lidglutary and point source inflows on the shelf,
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(2) the more limited availability of light on thaelf, particularly following runoff events, and (3)
the diluting effect on local phytoplankton biomassncentrations from local inflows. The
temporal patterns of Clafor the shelf generally track lake-wide pelagiti@ans, supporting the
position that shelf levels and dynamics reflecelakde conditions. A number of P and biomass
signatures were resolved for pelagic waters in @HagUFI, 2014) that will be valuable in
developing and testing the P-eutrophication maalsirmulate these lake-wide patterns.

Modeling activities in Phase 2 will embrace thenpiple of parsimony. Accordingly, there
will be an effort to avoid overly complex componeand submodels that can be accompanied by
increased uncertainty and excessive computatioaadadds. Robust ranges of temporal and
spatial scales will be represented in the modeiingddress the primary signatures resolved in
monitoring (Phase 1; UFI, 2014). Short-term patemn response to runoff events, that are
primary drivers of the shelf versus pelagic watdiferences, need to be resolved. The
seasonality in phytoplankton growth, manifestecetakde, and the potential effects of year-to-
year differences in runoff and associated exteloadling, will also have to be represented.
Spatial structure of the overall model must be bépaf resolving longitudinal differences on the
shelf, between the shelf and pelagic waters, aehlade mixing and the effects of the thermal
stratification regime (UFI, 2014; Gelda et al., 3D1

The overall water quality model will require mulgptypes of drivers, including (1) local
meteorological conditions, (2) local hydrologic ddrons, and (3) external loading rate estimates
for multiple constituents. These drivers have bemnprehensively documented in Phase 1, and
have been described, presented and utilized inipteulvays in the final Phase 1 report (UFI,
2014) and have been integrated into multiple manptscto appear in professional journals
(Gelda et al., 2015; Prestigiacomo et al., 20¥preliminary listing of the state variables of the
overall model is presented as Table 2. A list @liprinary derived state variables is presented in
Table 3. The overall water quality (P-eutrophicafianodel will be composed of several
submodels that are identified and described beld@onceptual models depicting structural
features are presented for each except for thedimension hydrothermal/transport model that
was successfully completed in Phase 1. Each sketlkenceptual models reflect insights and
results from Phase 1, earlier journal manuscriptthe system, or related studies in the literature
for other systems. Moreover, these submodels ahated approaches were presented to
NYSDCEC and review panels in the presentation olewaber 5, 2014 (without critical
comment) and in the Phase 1 report (UFI, 2014).

A.3.3.2. Submodels of the Water Quality M odel

A.3.3.2.1. Hydrothermal/Transport Submodel

The two-dimensional hydrothermal/transport mode2/Whas been set-up, rigorously tested,
and preliminarily applied for Cayuga Lake, as dissxt in Section 6 (UFI, 2014; Gelda et al.,
2015) of the Phase 1 report. This model servesi@dransport submodel of the water quality
model, CE-QUAL-W2, a public access model developgdhe U.S. Army Corp. This model
will serve as the transport submodel of the Cayugke P-eutrophication model. The two-
dimensional model simulates the thermal stratiiiccategime and mixing/transport processes in
the vertical and longitudinal dimensions. The maodas calibrated for the conditions of 2013,
and validated for the 1998- 2012 period throughiooous simulations.
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Table 2: Tentative list of state variable names avloreviations.

Pool Name Abbreviation
labile dissolved organic carbon LDOC
refractory dissolved organic carbon RDOC

carbon . . .
labile particulate organic carbon LPOC
refractory particulate organic carbon RPOC

plankton algal biomass ALG
soluble reactive phosphorus SRP
labile soluble unreactive phosphorus LSUP
refractory soluble unreactive phosphorus RSUP

phosphorus | labile particulate organic phosphorus LPOP
refractory particulate organic phosphorus RPOP
labile particulate inorganic phosphorus LPIP
refractory particulate inorganic phosphorus RPIP
turbidity for size class i Tn;

_ Secchi disc SD

optics/ . . — .

particles projected area of minerogenic particles per unit PAV
volume, for size class i ’
scaler PAR attenuation coefficient Ko(PAR)

The time (daily to multiple years) and space (Fegdr Figure 5) features of W2/T are
consistent with the water quality issues identiffed Cayuga Lake (Gelda et al., 2015; UFI,
2014), and particularly to resolve the effectswfaff events and the differences between the shelf
and pelagic areas. The model is capable of remiegevarious complexities of transport
processes that may be noteworthy with regardseovditer quality issues of the lake, including
the residence time of local tributary inputs on shelf, the seasonal plunging of tributaries, and
vertical transport from the hypolimnion to the puative epilimnion (Gelda et al. 2015).
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Table 3:  Derived state variables.
Pool Name Abbreviation Components

dissolved organic DOC — LDOC + RDOC
carbon

carbon particulate organic _ Q)
carbon POC = LPOC + RPOC+ALG - @aic
total organic carbon TOC =DOC + POC

algal _ @)

biOMAss total chlorophylla Chl-a =ALG - &paLc
soluble unreactive SUP — LSUP +RSUP
phosphorus
particulate organic _ _ ®)
ohosphorus POP = LPOP + RPOP+ALG -
particulate inorganic _

phosphorus | phosphorus PIP = LPIP + RPIP
total dissolved TDP _ SRP + SUP
phosphorus
particulate P PP =POP + PIP
total phosphorus TP =TDP + PP

N
total turbidity n = Z Tn
i=1
_ N
optics .
particles total PAV PAV z PAVm, i
i=1

total suspended solid TSS empirical relationshijp Wit
total inorganic . FSS empirical relationship with Tn
suspended solids

@ ac.aLg - carbon to algal biomass stoichiometric ratio

@) achiaLc - chlorophyll to algal biomass stoichiometric ratio

@) 8p_aLG - Phosphorus to algal biomass stoichiometric ratio
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Figure 4 . Cayuga Lake for (a) longitudinal segradat the entire lake as adopted in the model,
along with the monitoring sites for 2013, and (ldal segments for the shelf at the
southern end of the lake. Locations of WWTP and ir&ke/discharge are identified.
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Figure 5. Longitudinal-vertical computational gatithe lake adopted in the model. Model cell
with LSC intake, LSC discharge, and Cayuga-AES pgMent intake are identified.

A.3.3.2.2. Minerogenic Particle Submodel

As described in Section 5 of the Phase 1 report,(RFFL4) and the peer-reviewed literature,
minerogenic particles delivered to Cayuga Lake frtsnwatershed play an important role in
metrics of water quality in the lake, including ghpborus, turbidity, clarity and light penetration
(UFI, 2014, Effler and Peng, 2014; Effler et alQ12). The key model state variable is the
projected area of minerogenic particles per unium@ (PAV,,). The modeling approach
(multiple size classes, Figure 6) is similar tottl@veloped and successfully tested and applied
for turbidity (Tn) in the New York City water suppleservoirs (Gelda and Effler, 2007; Gelda et
al., 2009; Gelda et al., 2012; Gelda et al., 203V, will be partitioned into the contributions
of multiple size classes. Four size classes haem ladopted in data analyses presented in the
Phase 1 report (UFI, 2014), though other segmemtaithemes may be adopted to represent the
associated behavior responsible for temporal pettebserved following external inputs (Figure
4).
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External loads of PAY, will be received for the same size classes, a<ifsgeg by
measurements for the calibration year of 2013, zas®d on PAY-Q relationships (Figure 6) for

days without observations in 2013, as well as fodet validation years. The size classes will be
subjected to size-dependent settling losses (Sthke®s) and conversions to other size classes
associated with aggregation/disaggregation prosdgsgure 6). The aggregation/disaggregation
processes will likely be represented by a “net” raggtion that will be quantified through
calibration of the submodel to track observatiohgdake patterns. Predictions of PAMn time

and space will be the summation of the contribwitwn the different size classes. Predictions of
particle volumes of minerogenic particles per walume (PVV,) will be calculated from the

PAV,, size class values (Figure 6) assuming a partietengtry (initially spherical, but may be
platelets). Predictions of PAY can support predictions of (Figure 6) (1) the mmgenic
component of PP (R, (2) the minerogenic component of Tn (Jn and (3) levels the
absorption &,,) and scatteringy,,) coefficients for minerogenic particles, that eas inputs

sl minerogenic
e R e e e 4 1 comgonents
Esctariial i > | PAV,,, Size Class 1 " Z PAV,,; -+ PPT—f(PAVm) piwo;ij:TwerLizz
] i i Tn_f(PAVm) tU_r'bIU\tV
Loads | .l. T !
= | < PAV,,, Size Class 2 —{ | 4 ;
<>[| i T Ao '7 Z PVVy,; = FSS=f(PVV,) inorganic TSS
a 1 u S) i=1 i
: S S :
= : U" 'g : larity (SD)
7 : o ! . clarity |.
Tribs L, > ; . (e optics - Y
i PAVm'“ Size Class n i T, ‘ submodel | attenuation
o
SEffﬁnQ PVV: p;ojected volume of particles/ volume

b.: minerogenicscattering; a,,: minerogenic absorption

Figure 6 . Conceptual diagram for a minerogenitiglarsubmodel.

to the optics submodel (described subsequentligg pFedictions of PV could serve to support

predictions of inorganic (fixed) suspended soli@S$). The submodel will be integrated into the
overall water quality model.

A.3.3.2.3. Optics Submodel

Predictive capabilities are required for the optioatrics of water clarity, as represented by
Secchi depth (SD), and the attenuation coefficfentscalar irradiance ({PAR)). SD is a

primary trophic state and water quality metric aincern for lacustrine systems, including
Cayuga Lake. K(PAR) is important as it specifies the light avhiéaat various depths to support

photosynthesis and phytoplankton growth. Empinieldtionships between each of these metrics
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and Chl-a, as a measure of phytoplankton biomasg been adopted elsewhere as part of P-
eutrophication modeling. However, in Cayuga Lakse, well as many other lakes, this is

inadequate (e.g., performs poorly) because othbstances contribute importantly to these

optical conditions, and these do not necessariyagowith phytoplankton. In such cases, a

mechanistic framework, one that is consistent wyitical theory, is adopted.

A theoretically sound mechanistic framework is dgsd in the schematic of Figure 7 (see
Table 4 for definition of symbols). Accordingly @ving left to right), the constituents that
influence the optical measures of concern (SD ag(PAR)) described as apparent optical

properties (AOPs)) are described as the opticaltiva constituents (OACs). The OACs are
mostly state variables of the water quality modelcan be independently specified. These
include measures of phytoplankton biomass @bf-POC) and minerogenic particles (RAGr

FSS (ISPM)). Associated components of the absorf) and scattering (b) coefficients, both
described as inherent optical properties (IOPs3, estimated according to OAC — specific
coefficients (cross-sections; Figure 7). The aesiAOPs are predicted from IOPs using well —
established equations (radiative transfer exprassibigure 7). Most of the elements of the
model have been developed and successfully teste€dyuga Lake (Effler et al., 2015b),
including (1) development of cross-sections, (2psafe of the summation of absorbing
components with overall absorption, and (3) clod@Bs and AOPs through application of the
radiative transfer equations. Testing of the ovstdbmodel will be conducted based on a robust
set of observations of OACs, IOPs and AOPs (UFL42Effler et al., 2015b). The submodel
will be integrated into the overall water qualitypdel (Figure 8).

A.3.3.2.4. Phosphorus Submodel

A robust representation of the overall P pool apdecis required to address the various
issues identified here for Cayuga Lake (Figure Bhis will include multiple dissolved forms;
SRP, and both labile (LSUP) and refractory SUP (RBUParticulate (PP) forms will include
both organic (POP) and inorganic (PIP) forms anditmaing between labile and refractory
components. A robust array of source and sink ggees will be represented (Figure 9),
including: (1) uptake of SRP to support phytoplankgrowth, (2) adsorption and desorption of
SRP from PIP, (3) hydrolysis of POP to form dissdhspecies, (4) mineralization/hydrolysis of
SUP to form SRP, and (5) deposition of particufatens.

The details of the framework for the submodel apeécgication of values of kinetic
coefficients that quantify the various processel be guided by established public domain
models (e.g., CE-QUAL-W2, Lake2K), UFI's P-eutropdtion model applied to New York City’s
reservoirs, as well as recent reviews of relatedatso(Arhonditsis and Brett, 2004; Arhonditsis
et al., 2006; Robson, 2014). Cycling of P assediavith the metabolism of biological
communities will also be considered, including etion by dreissenid mussels and zooplankton
and uptake by phytoplankton. Data analyses willpsut decisions regarding the need for
inclusion of these pathways. The minerogenic garsubmodel will support simulations of the
refractory PIP (RPIP; Figure 9). The concentratd P will be predicted as the summation of
the individual forms.
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Figure 7. Conceptual diagram for an optics sulehod

W2 water quality model

.. Predictions asdrivers N .. .. A— ,
FSS L\ SD i

P ;:I\I/ ! :

oc : l Ko(PAR) !

PAV,, | | . :

Chl-a ; i Eq4(2) ;

AOPs | ©
SD 5
K{x) | D
K,(PAR) | &

closure tests

* advanced or tested here

Optics submodel

feedback

Figure 8. Conceptual diagram for optics submdédkage with W-2 water quality submodel.
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Table 4.  Specifications of symbols in the opticeraodel.

Symbol Specifications
OAC optically active constituents
Chla chlorophylla concentration
POC particulate organic carbon concentration
PAV, projected area of minerogenic particles concemmnati
FSS inorganic suspended particulate materiateamnation (ISPM)
acpom absorption coefficient for CDOM
OAC, OAC foray
OAG) OAC for by
IOPs inherent optical properties
a(A) spectral absorption coefficient
b(A) spectral scattering coefficient
c(A) spectral beam attenuation coefficient
ar(A) spectral absorption cross-section for component x
b* (A) spectral scattering cross-section for component x
ay absorption coefficient for component x
q beam attenuation illuminance coefficient
AOPs apparent optical properties
SD Secchi depth
Ky(A) spectral downwelling attenuation coefficient
Ko(PAR) | scalar attenuation coefficient for PAR
r coefficient for SD radiative transfer function
KL downwelling attenuation illuminance coefficient
other other variables
Eq(2) downwelling irradiance
CayugalLk_Phase2_QAPP_r0_12-2014.fm Page 33 of 50 AgHLaboratory |D 11462

Effective Date 1/15/15 Control Copy on lvory Paper cDment No. 29 Revision No. 0.0



UPSTATE FRESHWATER INSTITUTE QUALITY ASSURANCE PROJECT PLAN
224 Midler Park Drive, Syracuse, NY 13206

Respiration . 700PLANKTON =  DPredation
&
\
Respiration ° Growth
Iy ALGAE [ SRP =
(P) 8= =
2 3
3 by
[~ | rLpoP > LSUP | 5
Hydrolysis i
2
y || =
— | Hydrolysis
LPIP | RPIP [<
v Minerogenic
Sertling Particles
Submodel

Figure 9. Conceptual diagram for a phosphorussuale!.

A.3.3.2.5. Phytoplankton Growth/Biomass Submodel

Prediction of phytoplankton biomass is a primanalgof the P-eutrophication modeling
initiative. The predictions will be made with a chanistic phytoplankton growth/biomass
submodel (Figure 10). The primary metric of phyamton biomass will be POC; prediction of
Chl-a will be a secondary goal, at a longer timalesof seasonal average. The quantitative
details of the framework will draw upon other magehcluding the public domain CE-QUAL-
W2 and Lake2k, UFI's P-eutrophication model appliedNew York City’s reservoirs, as well as
appropriate professional literature, including receeviews of related models (Arhonditsis and
Brett, 2004; Arhonditsis et al., 2006; Robson, 2017 his will include representations of the
phytoplankton community, kinetic expressions, aalligs of various coefficients.

The dynamics of phytoplankton biomass will refldet dynamics of the source (growth) and
sink (respiration, settling, and grazing) procegségure 10). Grazing will reflect the effects of
dreissenid mussels and potentially zooplanktofo(ihd to be noteworthy). The effects of their
ambient drivers of phytoplankton growth will be qtitatively represented in the model,
including (1) temperature, (2) light availabilignd (3) nutrients (Figure 10). Phosphorus (P) is
the primary nutrient to be considered. Nitrogen &Nd silica (Si) will be secondary. Nitrogen
concentrations in the lake are above levels corsidi® be limiting to phytoplankton growth. Si
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Figure 10 . Conceptual diagram for a phytoplanigmwth/biomass submodel.

will need to be considered if the diatom group ashte differentiated in the simulations.
Partitioning of the phytoplankton community accoglito multiple groups has not been
established as a modeling goal, but may emerdeeaanialysis progresses.

A.3.4. Work Schedule

The project/work schedule for the overall Phaserdept is described in the chart below
(Table 5), according to the major tasks. The tingeils both aggressive and feasible. The timing
depicts a progression from preliminary single cibmebht modeling, supporting analyses, and
individual submodels in 2015, to the continuatidmotrient-phytoplankton submodels, overall
water quality model, landuse-lake model linkagesgtterm simulations, and reporting in the
following year (2016). Two major project meetirage recommended in early fall of both years.

A.3.5. Project Deliverables
The Phase 2 project deliverables include

1. a QAPP for the project.

2. two project meetings with UFI, Cornell, NYSDEQ@gdatechnical review panels to present
and discuss progress

3. electronic versions of the model input and irelgkate variable data sets

4. electronic versions of the tested overall watality model that includes all submodels
(transferred by UFI to NYSDEC).
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Table 5:  Project work schedule for the Phase 2 gtrsis/eutrophication modeling project.
( ® project meetings).

2015 @ 2016 @
No. Component Description

Ql|Q21Q3|Q4|Q1|Q2 Q3 Q4

1 individgal constituent modeling
analysis NQ, DOC, TP, SUP, POC

2 inlet channel adjustment to loads -
3 minerogenic particle submodel -
4 optics submodel .
5 gggie?g;-rpr)]g);‘tfplankton submodel .
6 overall water quality model e
7 land use - lake models linkages .
8 long-term model simulations el
9 Phase 2 report -

5. afinal Phase 2 report

A.4. Quality Objectivesand Criteria

The overall quality assurance objectives for URladanalysis and modeling is to analyze,
model and accurately report data collected andyaedlby the UFI field and laboratory staff
under the Phase 1 work and other approved dataesfor data analysis and modeling the Data
Quality Objectives (DQOs) are qualitative and quative statements that

» clarify the intended use of data,
» define the type of data needed to support a degisi
» identify the conditions of collecting the data

The DQOs for input data for the phosphorus/eutrcgtion model are

* data quality for key model inputs (e.g., meteogatal, hydrological, external
constituent loads) will be representative to supmpecification of representative
driving conditions within the phosphorus/eutrophima model.
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e data quality for phosphorus/eutrophication modehtes variable(s) will be
representative to provide a robust test of moddbpmance.

» data quality for both hydrothermal/transport moubgluts and state variables will be
representative seasonally and for multiple years.

The DQOs for model output (e.g., predictions, setiohs) include both qualitative and
guantitative perspectives.

» output will be consistent with well accepted linogical paradigms (e.g., Wetzel,
2001)

» output will be consistent with mass balance a@amnsts

e patterns of output in time and space will be cstesit with the biogeochemical
features of limnological paradigms

» appropriate responses of models to reasonablatienrs

» performance, according to metrics widely repoitedimilar modeling initiatives, is
consistent with levels reported for other similtioss

The following table (Table 6) provides target thn@sls for the performance of specific
predicted metrics for the water quality model to freduced in Phase 2. The metrics are
consistent with the prevailing water quality issube goal(s) of the Phase 2 modeling, and the
potential use of the model to support a TMDL anialyBhere are temporal and spatial features for
these thresholds. These will be applied on a sunawerage basis, consistent with common
regulatory and trophic state literature represenat Spatially, conditions on the shelf will be
contrasted to conditions within the pelagic watefshe lake, consistent with the findings of
Phase 1. Should targeted thresholds of performbaagnattainable after reasonable effort, UFI
will report specifically on the performange issunel @ualify the results as appropriate.

Table 6: Targeted thresholds of model performancenultiple metrics of interest.

Predicted Targeted Thresholds of Performance *

Metric % ErrorX
TP <25%
SD < 25%
Chl-a <50%
POC < 30%
PAV, < 30%
Ko(PAR) < 25%

* summer average values for the upper wat&g; Error = | prediction - observatioHobservation
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A.5. Special Training/Certification

No further training is needed by UFI data analgsid modeling staff. They will perform the
analysis and phosphorus/eutrophication modelinigstas this project. The modeling staff are
individuals with highly specialized expertise irethrespective modeling and data analysis tasks.
The staff has been involved in data analysis, mooé¢ development and model set up at least 15
years.

A.6. Documents and Records

The UFI data analysis and modeling teams will bspoasible for documenting key data
analyses, phosphorus/eutrophication model developntesting, and findings, data files and
software. Each modeling staff member will be cesible for documenting all assumptions and
supporting analyses. They will maintain recordsvotten correspondence, emails between the
modeling team members and other project membeogir&ss will be documented as part of the
technical meetings (n = 2) between UFI, Cornell u@rsity, NYSDEC technical staff and
technical review groups (project work sched@ection A.3.4 Record keeping for each step of
the modeling process will consist of various tymésinformation, in the form of progress
presentations, and multiple forms of graphics. ripi@s are given below:

e assumptions
» parameters and their source
» conceptual model designs and evolution
* input used, their sources, and any action to cowsgte for missing data
* setup input and output files
» coefficient values
All files from the modeling study will be maintaithdor auditing purposes and post-project
reuse, including
» source code and executable code
e output from model runs
* interpretation of output
» setup and testing procedures and results
All modifications of the source code will be tes@ud documented in internal memos. Such
modifications would be tested throughout the sgixgress by experienced modelers reviewing

the model output to determine that it demonstrabgsected behavior and responds in the
expected manner for each model run.

All files from the modeling study will be maintaihdor auditing purposes and post-project
reuse, including
» source code and executable code
* output from model runs
* interpretation of output
* setup and testing procedures and results
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Any changes in this QAPP during the study periotl @ documented and noted in the
revision table at the beginning of this documerfteAapproval by the appropriate persons, the
revised QAPP will be sent to each person listedhendistribution list. This QAPP is a UFI
controlled document and will be managed by ouriguaksurance officer and is subject to rules
set by UFI as part of our overall quality systenF(U2010). The QAPP will be reviewed
annually.

The final report will be submitted in electroniariwat. All electronic records discussed in this
section will be stored on a secure server, writggated, and backed up for a period of five years
beyond completion of the project. This server id pha LAN network and is password protected
and protected externally via a firewall (UFI, 2010)

B. Measurement and Data Acquisition

B.1. Sampling Process Design

No sampling process design is necessary as ptnisd?hase 2 project since no new sampling
will be conducted. Data were collected as pathefPhase 1 project. Please refer to the Phase 1
QAPP (UFI, 2013) and the Phase 1 final report (L20I14) for more details on the sampling
process design used in the Phase 1 Cayuga Lakdisgimp2013.

B.2. Sampling Methods

No sampling methods will be required as part ofRhase 2 project since no sampling will be
conducted. Data were collected as part of the Phaseject. Please refer to the Phase 1 QAPP
(UFI, 2013) and the Phase 1 final report (UFI, 20fb4 more details on the sampling methods
used during sampling on Cayuga Lake in 2013.

B.3. Sample Handling and Custody

No sample handling or sample custody will be resplis part of the Phase 2 project since no
sampling will be conducted. Data were collectedas of the Phase 1 project. Please refer to the
Phase 1 QAPP (UFI, 2013) for more details on thapdiag handling and custody used on
Cayuga Lake in 2013.

B.4. Analytical Methods

No analytical methods will be necessary in the Btzaproject since no new sampling will be
conducted. For more information on analytical md#h and SOP’s used for data collected
during the Phase 1 project when sampling was cdaadwm Cayuga Lake in 2013, please refer to
the Phase 1 QAPP (UFI, 2013).
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B.5. Quality Control

No sampling will be conducted as part of the pHageoject. Data were collected as part of
the phase 1 project. Please refer to the PhasePPQUFI, 2013) for more details on the quality
control methods used during the sampling of Caywajee in 2013.

B.6. Instrumentation/Equipment Testing/l nspection and
M aintenance

No sampling will be conducted as part of the Pi2apeoject. Therefore no instrumentation/
equipment will need to tested/inspected and manathiduring this project. For details of
instrumentation/equipment testing/inspection anthteaance used as part of the Phase 1 project,
please refer to the Phase 1 QAPP (UFI, 2013).

B.7. Instrument/Equipment and M odel Calibration

B.7.1. Instruments and Equipment

No sampling will be conducted as part of the pt#apeoject. Therefore no instrumentation /
equipment calibration will need during this projedtor details of instrumentation/equipment
calibration used as part of the phase 1 projeeggd refer to the phase 1 QAPP (UFI, 2013).

B.7.2. Model Testing

Model testing, as used here, refers to the prosesisealibration, validation and sensitivity
analyses. During calibration, the model or subrhasldéested by adjusting or tuning model
calibration parameters to achieve a model fit setobservations. The adjustment or tuning is
based on a rational set of theoretically defensiialeameters and is not merely a curve fitting
exercise (Thomann and Mueller, 1987; and Chapr&7)19 Boundary conditions, initial
conditions, forcing conditions and physical sysygmameters (e.g., bathymetry) are measured or
determined before the calibration process begidsaas not varied during the calibration process.
The calibration parameters, or model kinetics,vanged within a reasonable range to obtain the
best model fit (Chapra, 1997). The next step in ehddsting is validation. The model or
submodel is said to be validated once it is testgdinst an additional set of observations,
preferably under different external conditions (ifamn and Mueller, 1987). During the
validation process the model calibration parameterkinetics are not varied from the original
calibration. If the model fits, using the originadlibration parameters, the model is said to be
validated; otherwise the model may need modestibeagon (Chapra, 1997). The modeling
process also typically involves sensitivity testsletermine the effect of various model inputs and
coefficients. Sensitivity analyses typically giveetmodeler some qualitative insight into model
performance. Summary features of modeling actisiind testing for the various submodels are
presented in Table 7.

Where feasible, it is preferred to test submodetsmgately from the overall model (Chapra,
1997). This was done successfully for the two-cisi@nal hydrothermal/transport submodel
(UFI, 2014; Gelda et al., 2015) as part of Phas&Here are two other submodels of the overall
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Table 7:

Summary features of modeling activitied tasting for the various submodels for the Phasat2r quality model.

Prominent input

Prominent input

. Prominent
No. SuMbr(;doedl d Software variables (model sour ces P Satus
drivers) (calibration data) FOCESSes
: hydrodynamic completed in
1 hydrothermal/ W2IT meteorol_oglcal a_lrjd 2013 (Phase 1) | and thermal Phage 1 (UFI,
transport hydrologic conditions e 2014; Gelda et
stratification
al., 2015)
minerogenic meteorological and settling. net
2 | particles (Task | custont hydrologic conditions 2013 (Phase 1) ) 9, tion Phase 2
D) PAV, external loads aggregatio
in-lake conditions for 2013 (Phase 1) | light absorption
3 | optics custon? POC (or Chla, PAVy, and | and Effler and and light Phase 2
acpom) Peng (2014) scattering
gﬁb;:dv\(/); CE- | meteorological conditions, ggllcilgggslgald)s; spé?tllgnag: uptake,
e hydrologic conditions and ) .
4 phosphoru% LAKEZ2K, and y il g tuer section 3 of Phase hydrolysis, Phase 2
UFINYC lmu t!p e constitue 1 final report desorption,
frameworks oading (UFI, 2014) mussel excretion
omwa ™ | mecoroogicalcondions 200 Creee U | prucheie
e hydrologic conditions and ) ) ’
5 phytoplanktoﬁ LAKEZ2K, and y il g tuer section 3 of Phase nutrient uptake, | Phase 2
UFINYC lmu t!p e constitue 1 final report respiration,
frameworks oading (UFI, 2014) grazing losses

Lsee Gelda et al., 2013 for similar model; W2/T ydrbthermal/transport framework? see Effler et al., 2008 for similar model
3 phosphorus and phytoplankton submodels are irtejra 4 particularly multiple forms of P; Seffects of these processes will be representeddy-a

ciated coefficient values
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water quality model that can, and will, be testepgasately - the minerogenic particle and optics
submodels (Table 7). This is reflected in the p&htiming of modeling activities (Table 5).
This separate testing of submodels promotes greateess in testing of the overall water quality
model by reducing the coefficients subject to ampent/tuning (e.g., reduces the degrees of
freedom in the process).

Sensitivity analysis consists of varying model itgpwften by plus and minus equal fractions,
to determine the relative extent of changes thault€Chapra, 1997). The goal is to establish
those inputs that are most critical in influencmgdel predictions. It's not uncommon to adopt
uniform fractional limits for the calibration cogfients and other model inputs for such analyses,
a process also described as parameter perturb@iompra, 1997). Alternatively, sensitivity
limits are set to reflect insights concerning tbeual levels of uncertainty of various model inputs
These may correspond to known levels of accuragyedsurements, insights from experiments
or process studies, or guided by the literature@eglious experience. Both types of sensitivity
analyses will be conducted where appropriate.

Performance of the submodels subject to separstiageand the overall water quality model
will be evaluated both qualitatively and quantitaty. The timing and approximate magnitude of
the various short-term signatures imparted to tingdf drom runoff events are targets for the
minerogenic particle and optics submodel and theralvwater quality model. Seasonal lake
signatures for forms of P and POC (metric of phigokton biomass) are targeted for lake-wide
simulations. Absolute relative error will be usasl a measure of performance as indicated in
Table 6, for summer average conditions. Variousethtatistics will be considered to
guantitatively represent submodel and model perdoice. The root mean square error (RMSE)
is often a robust and appropriate representatiborfiann 1982), calculated according to

N
2
RMSE = Z ( )l(,obs_xi,pred) /N
i=1
where X ops and X preq are the ith paired observations and predictionspafameter X

respectively and N is the number of these paitse RMSE is statistically well-behaved and is an
indicator of the average error between observateon predictions. Lower relative error and
RMSE indicate a better model fit to observatiodte results of sensitivity analyses are most
often represented by the percent difference frolibredion values associated with the specified
sensitivity limits.

B.8. Inspection/Acceptance Requirementsfor Suppliesand
Consumables

No laboratory or field measurements will be madeas of the Phase 2 project, therefore no
inspection/acceptance requirements for suppliescandumables are necessary. For details of
the inspection/acceptance requirements for supplies consumables used during the Phase 1
project see the Phase 1 QAPP (UFI, 2013).
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B.9. Non-direct M easurements

Handling of non-direct measurements to be usetiarverification modeling was conducted
under the Phase 1 project. For more details oh#melling of non-direct measurements refers to
the Phase 1 QAPP (UFI, 2013).

B.10. Data Management

Data management for the Phase 2 project is the sarntiee Phase 1 work (UFI, 2013). All
data have been previously entered into an electrdatabase style format in a commercial
spreadsheet with system, station, date, time apdlata that exist along with the source of the
data. All data obtained for this project includialy data used in the modeling, will be compiled
and placed in a centralized location, organizeddta source. Records of hard copy data will be
maintained by UFI staff. Electronic data will berstd on a secured server accessible to UFI staff
only. Electronic backups of the data will be maimeéal and will be write protected. The data will
be formatted into the appropriate input files foakysis and modeling. The original data, as well
as the input files and QA/QC graphs, will be maimed by UFI in hardcopy and electronic format
to document the data management process. All diitbexmaintained for at least 5 years beyond
completion of the project.

C. Assessment and Oversight

C.1. Assessment and Response Actions

No new data will be collected in the Phase 2 ptojdthe Phase 1 QAPP (UFI, 2013) covers
assessment and response actions for all typestafcdiected under the Phase 1 Cayuga Lake
sampling. Model performance assessments will béenfiequently by the UFI modeling staff
during the testing phase for the model. Performaamdalits will consist of comparing the model
output to observed data collected on the system. ifitlividual modeling team members will
review model performance to ensure the model beha¥ithe state variable makes sense and is
consistent with historic data and the modeler'sausthnding of the system and experience with
this particular model. During Phase 2 modelingcpes comparisons of data to model outputs
will be examined to determine if discrepancies angmeter predictions and observations are a
result of modeling errors. If any code errors anenfd, these errors will be fixed, documented and
the overall effect of the errors on model calilwatvalidation will be documented.

Model performance assessments will be made fretyueynthe UFI modeling staff during the
testing phase for the submodels and overall watelity model. Performance audits will consist
of comparing the model output to observed dataectdd on the system. The individual
modeling team members will review model performatocensure the model behavior of the state
variables makes sense and is consistent with fdslata and the modeler’s understanding of the
system and experience with the particular modéle Aydrothermal model developed in Phase 1
(UFI, 2013; UFI, 2014) will be linked to the ovdrafater quality model in Phase 2. During Phase
2 the modeling process will include comparing datanodel output and modeling code will be
examined to determine if discrepancies in paranmtedictions and observations are a result of
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modeling error. If any code errors are found, ¢hesors will be fixed, documented and the
overall effect of the errors on model performandébe documented in internal memos.

Testing of the models is covered $®ction B.7 This section covers QA/QC of the testing
process. One primary point of concern in modelsn\@A/QC of model inputs. Data files for task
B, D, E, F, H and | will be generated from the dsdarce files into the proper file format required
for the individual model’s inputs. QA/QC of thesata will take three main forms. The model
input data will be graphed and inspected visuallythe modeling staff. These graphs will be
reviewed to determine if they fall in expected rasigAny anomalies will be checked against
original source data. Data format will be QA/QCHadrunning it in the model. Typically format
problems show up during the original model run lbseathe model either will not run or the
model runs and gives obviously erroneous resukis. final QA/QC of input data are the model
output results themselves. Errors in input resyfigcally lead to model parameters behaving in a
way not expected based on experience with the mdtelmodel input files, setup programs and
code will be tracked with a software configuratimanagement (SCM) tool. This software is
discussed in more detail later in this section.

Technical insights and questions from the TAC an@GV(Figure 2) from presentations of
progress (see Table 5) by the project modeling teame to contribute to assessment and
oversight of the work. The form and extent of iptay with these groups will be consistent the
precedents established in Phase 1. Oral commamtsthese groups provided at the time of the
presentations are responded to, either at the mieggm or subsequently in a timely fashion.
Written comments and questions from these two grarp responded to, in writing, and in a
timely manner. Again, these protocols were esthbll and executed successfully in Phase 1.
Other opportunities for input from these two groaps provided associated with manuscripts and
reports provided during the project.

Sensitivity analyses are model runs conducted watsfficient ranges that differ from the
calibration values, often with limits that are bheland above the calibration values by a certain
percentage. Such analyses are routinely includeanimoverall modeling analysis. Sensitivity
analyses yield insights into model behavior andstlate the reliability of model predictions
relative to acknowledged or independently quartifiancertainty in model inputs and
coefficients. Sensitivity analyses were coveredniore detail inSection B.7.2f this modeling
QAPP.

UFI developed software is logged and tracked witkoiware configuration management
(SCM) tool, using the Subversion Version Controsteyn. This tool tracks changes made to the
individual submodels as well as the overall watgliy model over time. Additionally the SCM
tool allows multiple developers to work together @mmon source code, tracking individual
developer’s changes and merging these changea sitgyle source. The SCM tool provides the
modelers with a documented history of the modehgka. Any errors that may be found, and
code development and enhancements made to thewitidee documented in the final report. All
model coding is done in Fortran.

Prior to release, the model will be assigned aieensumber. During the modeling process of
Phase 2 all bug-fixes and model enhancements witldtumented in internal notes and memaos.
The submission letter will clearly state the vemsimumbers for each piece of software. In the
event that changes are required or bugs are foitdthis submission, UFI protocol is to make
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all fixes/changes and re-submit the software whih appropriate version number changes. Any
changes between the original submission and tipiglemental submission will be documented in
a memo to the project managers.

The software and hardware requirements for the h{ddsk F) are as follows:
Computer Hardware:

e >1 GHz processor
e Minimum 32 MB of memory
e  Minimum 124 MB hard drive space available

Software:
* Windows Version Windows 9x, 2000, XP, Vista, Wimgo7 operating system

» Optional software - a word processor and spreadstdtware to prepare and process
various input and output files

The potential application of the model to suppoffMDL analysis, following transfer of
model to the regulatory community, is beyond thepgcof Phase 2. Cornell University would not
be involved in such an analysis.

C.2. Reportsto Management

There will be two progress meetings between CarfeISDEC, and UFI and the review
panel. A single final technical report will be snitted at the end of the Phase 2 project. This
report will document the development, testing, preliminary applications of the overall water
guality (P-eurtrophication) model, and the sepdydésted submodels. Components of the report
may be peer-reviewed journal manuscripts that des@nd document a portion of the Phase 2
work. The report will be maintained and storedaosecure server for at least five years beyond
completion of the project in accordance with Ulekerall quality system (UFI, 2010). Any major
deviation from this QAPP will be documented in fimal report.

D. Data Validation and Usability

D.1. Data Review, Verification and Validation

This section discusses the criteria for determiniigether to accept, reject or qualify data
collected for this project. Validation criticaleathose that are used to determine whether the data
satisfies the users requirements and verificatider@ determine whether the data are sufficient
for drawing conclusions related to the data qualltyectives. No new data will be collected as
part of the Phase 2 project. Data validation asability were covered in the Phase 1 QAPP (UFl,
2013). This includes the calibration data colldcbyy UFI in 2013 on Cayuga Lake and the
validation data which is the historic LSC in-lakemitoring data.

Prior to modeling, all data will undergo extensiegiew. Much of this review was completed
as part of the preparation of the Phase 1 repdtt, (2014). This was described in, and covered
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by, the Phase 1 QAPP (UFI, 2013). Any additioealew will be conducted in the same manner
by experienced professionals. Modeling staff Wil responsible for reviewing input data for
completeness and adherence to QA requirementsa Widtbe scanned to determine that all
parameters fall within a typical range (e.g., sampatterns and ranges as measured historically in
these systems). Data manipulations will be dorieguspecialized programs or commercial
spreadsheet programs. Values outside typicallgasarnwill not be used to develop model
calibration data sets or modeling kinetic paransetédata quality will be assessed by comparing
data to hard copy originals or by comparing to nhedsults as discussed in the Phase 1 QAPP
(UFI, 2013).

D.2. Verification and Validation of M ethods

The data are said to be validated if these pasenargl review of QC coupled with a
limnological analysis and understanding of theeyst During the modeling process no new data
will be collected. Data were reviewed by the modglteam under the Phase 1 project (UFI,
2013). All data were reviewed prior to its usal&iermine if data fell outside of typical ranges
for the parameter in question. All data problemd gaps were clearly documented in modeling
memos and internal notes by the modeling team dopthe Phase 1 project. For the methods
used for data verification and validation see thade 1 modeling QAPP (UFI, 2013). If any data
issue arises during this modeling endeavor these saethods will be implemented.

D.3. Reconciliation of User Requirements

This section of the QAPP addresses issues of whedtta collected during field sampling
meet data quality objectives. Each data type isevead for adequacy in terms of precision,
accuracy, representativeness, completeness ancacalipgy. No new data are being collected
for this Phase 2 project. For a a discussion efrétonciliation of user requirements please see
the Phase 1 QAPP (UFI, 2013).
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