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Acronyms and Abbreviations

2-D - two dimensional
Cego - beam attenuation coefficient (BAC), surrogatd of light scattering coefficient and

TSS
Cego_f - beam attenuation coefficient measuireditu

CBFS - Cornell Biological Field Station at Shackalfoint

CCB - continuing calibration blank

CCV - continuing calibration verification

Chl - fluorometric chlorophyll, a trophic metric, proxy for phytoplankton biomass

Chl_f - field fluorometric chlorophyld measuredh situ

Chl_sp - spectrophotometric chlorophali

CHWWPT - Cayuga Heights Wastewater Treatment Plant

CLMP - Cayuga Lake Modeling Project

CMP - Cayuga Lake Monitoring Partnership

CoC - chain-of-custody

CSI - Community Science Institute

CU - Cornell University

CUBEE - Cornell University Department of BiologycaBnvironmental Engineering

CUEEB - Cornell University Department of Ecologydavolutionary Biology

CUGIR - Cornell University Geospatial Informatiorpository

CWA - Clean Water Act

DEM - digital elevation models

DOC - dissolved organic carbon

DOP - dissolved organic phosphorus

DOW - division of water

DQOs - data quality objectives

DRSi - dissolved reactive silica, a nutrient foatdms

DUP - duplicate

EL - EcolLogic

ES - event sampling

FF -fixed frequency

FSS - fixed suspended solids

GWLF - General Watershed Loading Function, watetshedel

HEC-RAS - Hydraulic Engineering Centers River ArsadySystem

IAWWTP - Ithaca Area Wastewater Treatment Plant

ICB - initial calibration blank

ICV - initial calibration verification

IPA - individual particle analysis

LCS - laboratory control sample

LOD - level of detection

LOQ - level of quantitation

LSC - lake source cooling

MB - method blank

MTUCEE - Michigan Technological University Departmi@f Civil and Environmental
Engineering
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MS - matrix spike

MSD - matrix spike duplicate

NCDC - National Climatic Data Center

NOAA - National Oceanic & Atmospheric Administratio

NOy - the sum of nitrate and nitrite, used as a pHgtdgon nutrient

NYC - New York City

NYCDEP - New York City Department of Environmeniabtection
NYSDEC - New York State Department of Environme@ahservation
NYSDOH - New York State Department of Health

P - phosphorus

PAR - photosynthetically active radiation scalaadgiance

PAVmM - projected area per unit volume, minerogguaidicles

pH - negative log of the hydrogen ion concentration

P1 - principal investigator

PP - particulate phosphorus

PR, - organic particulate phosphorus, primarily asst@d with phytoplankton

PR - inorganic particulate phosphorus, primarily ass@ed with minerogenic material

POC - particulate organic carbon associated wittig@tankton biomass
QAPP - Quality Assurance Project Plan

QA - quality assurance

QC - quality control

REF - reference sample

RMSE - root mean square error

RPD - relative percent difference

SAX - scanning electron microscopy interfaced wititomated image and X-ray analyses
SC - specific conductance

SCM - software configuration management

SD - Secchi disc

SE - synoptic upstream event sampling

SEM - scanning electron microscope

SM - standard methods

SOP - standard operating procedures

SRP - soluble reactive phosphorus

SSURGO - Soil Survey Geographic Database

SWAT - Soil Water Assessment Tool

SWAT-VSA - Soil Water Assessment Tool - VariableuB® Area

T - temperature

TOP - total organic phosphorus

Tn - turbidity

Tn_f - field measured turbidity; measurnedsitu

TN - total nitrogen is the sum of the organic amorganic forms of nitrogen
t-NHj; - total ammonia, a phytoplankton nutrient

TDN - total dissolved nitrogen

TDP - total dissolved phosphorus

TIP - total inorganic phosphorus
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TMDL - total maximum daily load, a limit for matatiloading set for a constituent by a
regulatory agency

TP - total phosphorus

TSS - total suspended solids, a gravimetric measeme of sediments

UFI - Upstate Freshwater Institute

USACE - United States Army Corps of Engineers

USDA - United States Department of Agriculture

USEPA - United States Environmental Protection Ayen

USGS - United States Geological Survey

UV,54 - light attenuation at a wavelength of 254 nmragaite of precursors of disinfec-
tion by-products

VSLF - variable source loading function

YSI - Yellow Springs Instrumentation

W2 - hydrothermal/transport model CE-QUAL-W?2

WWTP - waste water treatment plant
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Introduction

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 alléor 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 desciibduis QAPP is a 2.5 year effort involving
data collection, laboratory analysis, data analgs modeling, that corresponds to the first phase
of an overall two-phase program. Review of the gna documents for developing QAPPs
(USEPA, 2001; USEPA, 2002b) and modeling QAPPs [®ER2002a) showed that both types of
QAPPs follow the same general outline. For thagemt, one QAPP has been written to cover the
field program, laboratory analyses, data analysid gn-lake modeling. This document was
prepared by the Upstate Freshwater Institute (UFI).

Phosphorus (P) plays a critical role in supportpignt growth in aquatic ecosystems.
Phosphorus has long been recognized as the mdasialcniutrient controlling phytoplankton
growth in most lakes in the north temperature zddegradation in water quality has been widely
documented for lakes that have received excesshiglyinputs of P from man's activities. The
southern end of Cayuga Lake has been designategpased by the New York State Department
of Environmental Conservation (NYSDEC). One feataf the 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. TleeathCayuga Lake study that is specified here
will support the development and testing of a wapeality modeling system, which will link a
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watershed/land use model to a lake phosphorusfgutation model. This initiative recognizes

the bioavailability issue for external phosphoroputs; e.g., that only a portion of the total
loading is in a form that can support algal grovethg will effectively represent it in the overall

program. It is intended that this integrated moa#l be capable of supporting a phosphorus
TMDL analysis, for the targeted area, to be congllisuibsequently 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 inputsdatesting 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. Technical elements 1-4 are all paRluise 1 of this overall two-phased project.
Technical element 5 corresponds to Phase 2. Ddtdranological analyses from Phase 1 will be
reviewed by UFI, Cornell scientists, and NYSDEChtacal staff to contribute to the early
design(s) of the phosphorus/eutrophication modehnghase 2 (Figure 1). Two QAPPs will be
developed (Figure 1) over the course of this ptoj@ee under Phase 1 to be submitted in early
2013, and one in Phase 2 to be submitted follovlregcompletion of Phase 1 (~2015). This
portion of the overall Cayuga Lake project is ahllehase 1: Monitoring and Modeling Support
for a Phosphorus/Eutrophication Model for Cayugakéa For convenience throughout the
remainder of the QAPP will be simple referred tatteess Phase 1 project. This phased Cayuga
Lake project will be an integrated and balancedgmm of monitoring and hydrothermal/
transport and watershed/land use modeling that witimately produce a robust phosphorus/
eutrophication model that will be capable of supipgr related management applications,
specifically a TMDL analysis.

A. Project Management

A.l. Project Task/Organization
The purpose of this section is to present the dgzg#ion 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 Conaton (NYSDEC)
» Cornell University Department of Biology and Eraiimental Engineering (CUBEE)
» Cornell University Department of Ecology and Exanary Biology (CUEEB)
» Cornell Biological Field Station (CBFS)
* EcolLogic (EL)
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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)

« water quality in-stream storm event (U

Modeling UFI
~——————>1 phosphorus/eutrophicatior

Modeling UFI model

hydrothermal/transport
|:| Phase 1 Cayuga Lake Projed

modeling
|:| Phase 2 Cayuga Lake Projef

=3

~

Modeling Cornell
watershed modeling [

Figure 1 . Overall Project chart showing the dwmmsof the Project into Phase 1 and Phase 2.

» Cayuga Lake Monitoring Partnership (CMP)
» Upstate Freshwater Institute (UFI)

* Michigan Technological University Department of viCi and Environmental
Engineering (MTUCEE)

The Phase 1 project, is a collaboration betweena@d NYSDEC, as illustrated in the
organization chart (Figure 2). The Project ManadersCU and NYDEC are Steve Beyers and
Jay Bloomfield, respectively. Liz Moran (EL) wslupport project management for CU. The
scientist and engineers responsible for the conafuitte project are from the Upstate Freshwater
Institute (UFI) and selected departments of CUFeg?). Principal investigator (P1) and overall
manager for UFI is Steven Effler; David Matthewdl werve as a Co-Pl and assistant manager.
UFI's QC officer is MaryGail Perkins. She is reapible for overseeing all of UFI's quality
control (QC). UFI will be responsible for wateradjty monitoring of both the tributaries and the
lake, hydrothermal/transport modeling (Phase 19, @malyses of collected data as well as data
obtained (and accepted) from other sources. UHI v responsible for co-ordination and
oversight and related sampling for phosphorus Ebability assays to be conducted by
Michigan Technological University Department of {Ciand Environmental Engineering
(MTUCEE; Martin Auer, PI), under a subcontract withrl. UFI will also be responsible for
coordination of the various groups involved in Rhds (Figure 2) to generate the single
comprehensive Phase 1 final report. Technical etialkler input, including appropriate
supporting data sets, will enter the project pritpdrom CMP, through NYSDEC.
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James Adams
Cornell University
Project Director and
Executive Committee Chair

NYSDEC Project Team

Jay Bloomfield, Project Manager  je—}
Jeff Myers, Project Contact

Diane Carlton, Community Engagemen

NYSDEC QC Officer
Jason Fagel

[ Technical Stakeholders
Cornell University Project Cayuga Lake Monitoring
) Management Team Partnership (CMP)
- - Steve Beyers,Project Manager Roxanna Johnston chair
_=-" Liz Moran, EcoLogic (EL)

- L)
- 1
C 1l Uni i S'yt'f' d Modeling T -
ornell University Scientific and Modeling Team Upstate Freshwater Institute (UF|)
Todd Walter, watershed modeling PI N N N
3 " Lake Science an Modeling UFI QC Officer
Nelson Hairston,plankton characteristics Pl [ e—>1 =1 N .
- o Steve Effler,PI MaryGail Perkins
Lars Rudstam/James Watkins mussel distribution P
. Dave Matthews,Co-PI
Todd Cowen,hydrodynamics --

Key ¥
<«—— Quality Control Oversight ‘ Michigan Te.chnollogi(v:gl Ur)iversity (MTUCEE MTU QC Officer
<—— Primary Project Execution and Coordination Bioavailability bioassays
< = =» Contract Oversight Martin Auer , Pl

Community Engagement

Figure 2 . Organizational chart for the overall #h& projectPhase 1: Monitoring and
Modeling Support for a Phosphorus/Eutrophicationddbfor Cayuga Lake”

Cornell University scientists will be responsibte fvatershed/land use modeling (Phase 1,
Figure 1 and Figure 2) and lake biology (Figure 2pdd Walter is the PI for watershed/land use
modeling. Nelson Hairston is the PI for phytopkammkand zooplankton monitoring, and Lars
Rudsam and James Watkins are the Pls for monitasfndreissenid mussels. Information,
insights and technical opinions will flow freelytieen UFI and CU staff through the life of the
project to enhance resolution of key phenomenapaodesses and thereby understanding of the
ecosystem. Key information and findings will flosetween CU and NYSDEC through the
respective project managers. Moreover four te@ineeetings are planned over Phase 1 to
promote effective briefing of NYSDEC on findingsdato receive technical input from the
agency. Project key personnel, their affiliatioasd their project title/responsibilities are
summarized in Table 1. The project organizatiogufe 2) features multiple forms of “checks
and balances” to assure project quality. Technisarsight and assurances include: (1) the
functioning and active communication among the gubPls, (2) inputs from the respective QA
officers, and (3) inputs from NYSDEC technical &taf

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 ahehscial 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, particulaniythe watersheds of the eastern Finger Lakes
Bloomfield, 1978). European settlement of theseevgteds 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 theddrfftates. Most of the Finger Lakes are multi-
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Table 1:  Project Key personnel, affiliations arnbt&tresponsibility.

No. Project Personnel Affiliation Title/Responsibility

1 Jay Bloomfield NYSDEC Project Manager

2 Jeff Myers NYSDEC Project Contact

3 Diane Carlton NYSDEC Community Outreach

4 Jason Fagel NYSDEC QC Officer

5 Jim Adams Cornell University CP:roorjne nititg;eétﬁ;i?nd Executive

6 Steve Beyers Cornell University Project Manager

7 Todd Walter Cornell University Watershed Modeling PI

8 Nelson Hairston Cornell University Plankton Charazggion Pl

9 Lars Rudstam Cornell University Mussel Distributi®h

10 | Jim Watkins Cornell University Mussel Distributi@o-PI

11 | Todd Cowens Cornell University Hydrodynamics Pl

12 | Steve Effler UFI Lake Science and Modeling

13 | David Mathews UFI 'E:%‘fEISCience and Modeling

14 | MaryGail Perkins UFI QC Officer

15 | Martin Auer MTUCEE bioavailability bioassay PI

16 | Liz Moran EcolLogic (EL) project management support
Cayuga Lake

17 | Roxanna Johnston Monitoring Partnership| chairman
(CMP)
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Figure 3. Map of (a) Finger Lakes location in Néark State, (b) Cayuga Lake’s position
within the Fingers Lakes System, and (c) a bathgimetap of Cayuga Lake.

use systems. This system of lakes presently stgop@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 (8.38°-n) 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 (Gakhn, 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; &gut 40% of the tributary inflow is contributed by
Fall Creek and Cayuga Inlet. Parts of the shalloutlgern end of the lake were bordered by a
marsh before it was filled in the early 1900s tpmurt development. Phytoplankton growth in the
lake is P limited (Oglesby, 1978). Zebra musseladed this lake and other waters of the region
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in the early to mid-1990s (New York Sea Grant, 200Dhe City of Ithaca (population ~30,000)
borders the southern end of the lake and is tigesamurban center in the watershed.

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

and 0.05 s, and spent cooling water from a "lake sourceliogd (LSC) facility (Cornell
University). The limit for the concentration of éajphosphorus (TP) of the WWTP effluents had
been 0.4 mg/L for IAWWTP and 0.5 for the CHWWTP.bStantial reductions in effluent
concentrations and loading of P from the CHWWTP BBSMIWTP have been achieved recently
from upgrades in treatment.

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 tétegic 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 arearyést population center, and the associated
demand for the lake's resources. Government regalatve 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 moeséalcnutrient controlling phytoplankton
growth in most lakes in the north temperature zddegradation of water quality has been widely
documented for lakes that have received excesdglyinputs (loads) of P from man's activities
(Wetzel, 2001). One feature of the designatedaimpent of the southern end of Cayuga Lake is
high total P concentrations. In certain years NNSDEC's guidance value of 20 pg/L (as a
summer average in the upper waters) has been edaedtlevated concentrations of P may be
accompanied by high concentrations of phytoplankiomass, as measured by the concentration
of chlorophyll a (Chl), and diminished water clgritas measured with a Secchi disc.
Contemporary water quality management is usuallydegl by mathematical models that
guantitatively couple the effect of inputs, bothiegral (point and non-point) and internal (within
lake cycling), with in-lake concentrations and &s$si®d attributes of water quality (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. Theatufes 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
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initiative to develop a mechanistic lake water gyahodel, 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-modet)the overall water quality model. To first
set-up and test (separate from the overall watalityunodel) the hydrothermal/transport model,
as adopted in this project's phased approachod gmdeling practice.

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/
eutrophication models, and in evaluating variousirses to guide effective rehabilitation
initiatives. Bioavailability bioassays were condetttfor 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 phospAdvIBL analysis.

The bioavailability bioassays for this Cayuga Ladtady will be conducted in the same
manner as those performed for the Onondaga Lakly ¢Effler et al., 2012). The bioassays will
be conducted using modifications of the Dual CeltDiffusions Apparatus (DCDA) developed
by DePinto (1982), as applied to inputs of the Gtekes (DePinto et al., 1981; Young et al.,
1982), the New York City reservoir system (Auerakt 1998), various receiving waters in
Finland (Ekholm and Krogerus, 2003), and Onondagkel(Effler et al., 2002; Effler et al.,
2012). In these bioassays, phosphorus mobilized froncentrated particulates diffuses across a
semi-permeable membrane and is taken up by phospistarved algae (Selenastrum
capricornutum). The bioassays provide both thetifva of the particulate phosphorus that is
bioavailable and a representation of the rate n¥ewsion to a bioavailable form.

Cayuga Lake is the centerpiece of a 2078 00 mf) watershed, over 90% of which is land
area that drains to the lake. The watershed dlesll49 villages, towns and cities in seven
counties. Nearly 60% of the watershed is in actiggculture, which is considered the primary
source of phosphorus to the lake. Haith et al. 9208stimated that nearly half of the total
phosphorus loading to the lake is from agricultunéhin the watershed. Most of this was
attributed to animal wastes applied to corn, hag, &mall grain fields. The same study estimated
that urban storm runoff and point sources, e.gstevavater treatment plants, combined to account
for roughly 20% of the annual phosphorus load.

In this study CUBEE will use watershed modelingdentify major sources of phosphorus
and sediments to Cayuga Lake and explore stratégieecreasing loads by modeling different
scenarios. For example, some farms practice wiatemal waste spreading, which likely
contributes a substantial fraction of the agriaalkyphosphorus load. Using watershed models
CUBEE can quantify the fraction of the load linkidthis practice and how much of the total
phosphorus load can be reduced by diminishingpttastice.
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A.3. Project/Task Description

A.3.1. Project Description

The Phase 1 project has eight main tasks, thatcamposed of twenty seven sub-tasks. The
eight main tasks are made up of two support tasks the four technical tasks listed for Phase 1
in theIntroductionof this QAPP.

A. satisfy quality assurance (QA) requirements tigiothe preparation of an approvable QAPP,
and execution of the various QA elements stipulétedein.

B. compile and critically review information specifito the system (Cayuga Lake and its
watershed) and the phosphorus/eutrophication issue.

C. conduct a tributary monitoring program (springfah 2013) to support testing of both the
watershed/landuse model (Phase 1) and ultimatédkea phosphorus/eutrophication (Phase
2).

D. conduct a lake monitoring program (spring to f20l13) to support limnological analyses
related to the phosphorus/eutrophication issue, evsohtually (subsequent to this project;
Phase 2) support testing of a phosphorus/eutrojptncanodel.

E. set-up and testing of a two-dimensional hydratiaftransport model.

develop a comprehensive database on the Cayukm Watershed relevant to watershed
modeling (e.g., land use, soils).

G. set-up and test a watershed hydrology and watity modeling system.
H. prepare Phase 1 final report

The overall Cayuga Lake project (see thigoduction of this QAPP for detailed description
of both Phase 1 and 2 project phases) goal is telale and test a phosphorus/eutrophication
model (in Phase 2) for Cayuga Lake that addressesvater quality issue and is capable of
supporting a phosphorus TMDL analysis for the seurttportion of the lake. These tasks receive
more treatment in the followin§ection (A.3.2.)

A.3.2. Project Tasks

This section expands on the eight main tasks ptedenSection A.3.Jand lists the twenty
seven sub-tasks under their respective tasks.

A. satisfy quality assurance (QA) requirements tgiothe preparation of an approvable QAPP,
and execution of various QA elements stipulatedeine

B. compile a critical review of related information.

This task is directed at establishing an existiatpdset that can directly support Phase 1
hydrothermal/transport model testing, Phase 1 whésl/land use model testing, and possible
Phase 2 phosphorus/eutrophication model testing prodide related insights to inform the
process. This task acknowledges that all modeintedras two components, calibration and
validation. The subsequently described field afmbtatory programs focus on the collection of
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data sets to support testing, an approach agremdwiph NYSDEC. Testing of the models will
also rely on already existing data sets for théesys The long-term monitoring database for the
southern portion of the lake collected by Cornatiivérsity related to the Lake Source Cooling
(LSC) facility represents a particularly rich datt for these purposes. Other data sets may be
available that can further enhance model testingavide related insights. All data to be used in
this project not collected under the auspice of QAPP must pass the QA criteria set forth
subsequently und@.9. Non-Direct Measurements

C. conduct tributary monitoring
This task has five sub-tasks

1. conduct of fixed frequency monitoring near fivdayuga Inlet, Six Mile Creek, Fall
Creek, Salmon Creek and Taughannock Creek) seletibdtary mouths, and
maintenance at four sites (Cayuga Inlet, Six Mikeek, Fall Creek, Salmon Creek) of
automated sampling equipment; see Figure 4 folottegion of sampling sites.

2. conduct of runoff event monitoring near the msuthfour (Cayuga Inlet, Six Mile Creek,
Fall Creek, Salmon Creek) of the same selecteditamp mouths, with the aid of
automated sampling equipment; location of sampites shown in Figure 4.

3. conduct upstream synoptic surveys by monitoringwtiple sites along the length of two
selected tributaries (Fall Creek and Salmon Créajgre 5 a and b respectively) during
runoff events and one dry weather event to suppatérshed/land use modeling.

4. calculation of loads of selected constituenth@imouths of selected tributaries.
5. conduct assessment of bioavailability of paritell phosphorus in selected tributary
mouths (Cayuga Inlet, Six Mile Creek, Fall Creeéln$on Creek).

Specifics of this primary task (sites, parametigegjuency number of events) are described in
Section B.1.2

D. conduct lake monitoring.

This task has five sub-tasks

6. lake-wide field measurements of water qualityngbing site locations are presented in
Figure 6. Lake sites 1-9 and Cayuga Inlet sjtg dounding the lake.

7. lake-wide collection of samples and laboratorytewaguality analyses at the same
sampling sites (Figure 6).

8. lake-wide collection of biological communitiespchtions of phytoplankton and
zooplankton sampling sites (1-9) are presented iguré 6 and for dreissenids are
presented in Figure 7.

9. spatially limited (sites 1, 2 and 3) more frequeampling (referred to as frequent south
sampling through the remainder of the report) felested field and laboratory water
quality parameters are presented in Figure 8. lsiks 1-9 and, |

10. limnological analysis of collected data.

E. set-up and test a two dimensional (2-D; longiatisegments, vertical layers) hydrothermal/
transport model (e.g., Gelda et al., 2009; Geldd.e2012).
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Figure 6 . Lake-wide monitoring sites for water lifyaphytoplankton and zooplankton on
Cayuga Lake, 2013 (yellow push pins mark routin@itooing sites).
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Figure 7 . Lake-wide sites for dreissenid mussel@eng (along lateral transects) on Cayuga
Lake, 2013.
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Figure 8 . Frequent south monitoring sites for elé parameters on Cayuga Lake, 2013.

The hydrothermal/transport model to be used ihtaeothermal/transport model CE-QUAL-
W2 (W2 hereafter). This model was developed fer Anmy Corp of Engineers. It is a public
domain model maintained by S.A. Wells at PortlasateSUniversity. It is a two-dimensional
laterally averaged model with longitudinal segmemtd vertical layers. Details on this model are
discussed irsection B.7 Sub-tasks include

11. acquire bathymetric information and set-up sedat®n (longitudinal segment bounds,
and vertical layers) of the hydrothermal-transpoaddel, according to guidelines of Cole
and Wells (2002).

12. acquire hydrothermal/transport model input (@rjvinformation for multiple years and
establish appropriate data files.

13. establish inflows and outflows.

14. specify meteorological conditions - air temper@t wind speed and direction, dew point
temperature and cloud cover.
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15. specify light attenuation coefficient for dowrllivey irradiance.
16. set-up the hydrothermal/transport model for iplgtyears.
17. test hydrothermal/transport model performancearfoltiple years

18. performance will be evaluated graphically by rédegof match to observations and
statistically according to the root mean-squareorerfRMSE) statistic (adequate
performance, RMSE 2° C for spring to fall interval).

19. use hydrothermal/transport model to support dilmgical and preliminary mass balance
analyses.

F. develop a comprehensive database on the Cayukm Watershed relevant to watershed
modeling (e.g., land use, soils).

The purpose of this task is to compile a comprelendatabase on the Cayuga Lake
watershed that will be used as input to the waggtshodeling. Data will include all available
geospatial information (elevation, roads, land ecpwc.), stream discharge, water quality
measurements, published research papers and agepoyts, weather observations, land
management information, and any other relevant t@iacomes to our attention. Stream water
quality data collected will ultimately be includea this database. CUBEE anticipate using
primarily historical data for calibrating the moslednd the collected data described herein for
validation.

G. set-up and test a watershed hydrology and watditg modeling system

Because this project requires estimates of phosgltaord sediment loads to the entire lake but
is primarily focused on the southern end of thee]aRUBEE will use a two-tier approach to
modeling the Cayuga Lake watershed; each tier totes a sub-task.

20. The upper tier will use a model with a relatyeloarse resolution to describe the
watershed, e.g., the landscape will be segmenteal snb-watersheds or units of
homogenous land use (e.g., corn fields, resideateds, etc.). This will provide general
pollutant loads from all tributaries feeding thkda

21. The lower tier will use a finer resolution tgresent the landscape in the southern end of
the lake and any other tributary watersheds thgegrdeam decides warrant deeper
investigation. The finer resolution modeling walib-divide the sub-basins according to
wetness-classes and any small-scale features tbatikely important to pollutant
transport (e.g., impoundments, storm water managestectures, etc.). This small scale
is necessary for targeting likely sources withib-basins for which management options
may be explored as part of Phase 2.

H. Phase 1 project report
22. summarize data patterns and limnological, maksbe and loading analyses
23. summarize the hydrothermal/transport model pevdoce and results
24. summarize watershed model performance and sesult

25. make recommendations for structural design oDLNphosphorus/eutrophication model
(Phase 2) based on limnological analysis, hydratl&transport modeling and watershed
modeling

26. propose land management model scenarios
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27. make recommendations for additional validatietesits)

A.3.3. Work Schedule

The project/work schedule for the overall Phaserdjept is described in the chart below
(Table 2), according to the major tasks. This lneeis supported by Cornell University,
NYSDEC, and UFI. The timeline is both aggressind geasible. This timeline gives details for
the six main tasks, certain sub-tasks for Phasand,the beginning of Phase 2 (phosphorus/
eutrophication modeling; Table 2, marked in greyhere are critical features to the Phase 1 tasks
in a timing context. There are four important drsr of the presented timing: (1) the monitoring/
measurement program must contain the summer montassingle year (June-August), (2) the
timing needs to extend from early spring (e.ge ldarch to early April) to fall (e.g., October to
early November) to conform to good limnological (?éd, 2001) and modeling (Chapra, 1997)
practice, (3) the collected data set will suppatibzation of the phosphorus/eutrophication
model, to be developed and tested in Phase 2 AQratiéquate time is necessary (2014) to allow
rigorous limnological analyses, and developmemtobmmendations for a conceptual design for
the phosphorus/eutrophication model (that woulthifdemented in Phase 2).

The development of the watershed models will beggncompilation of the underpinning
database is finishing. Tier-two modeling will léigr-one modeling in order to identify any
tributary watersheds beyond the southern end ofiake that the project team may want to
include in this effort.

The goal is to submit this QAPP for review in g&013, and achieve approval by February,
allowing for revision(s) following review(s). Cairh activities are planned to commence during
the QAPP review, that do not involve collection méw data, including (1) acquisition of
previously collected related data sets, and (2)uisdgpn (from NYSDEC), testing and
preliminary siting of automated tributary sampliegquipment (see "trib program set-up" on
chart). Allowance for start-up of the tributary moring component before (e.g., early March)
the lake monitoring (late March to early April) cponent is included, as "lags" in lake response
to external loading events are common (Chapra, 19B@th the tributary and lake (water quality
and selected biological communities) monitoring poments would extend into late October
(perhaps early November, depending on weather tons).

The set-up and testing of the two-dimensional hyenonal/transport model is planned for
start-up in summer in 2013. However, this startedia not as critical as the monitoring
components. Limnological and tributary loading lgs@s will commence near the end of the
monitoring components, as these data sets becoailal@e. Mass balance analyses, to be
conducted with the hydrothermal/transport modell, @@mmence once this model is set-up and
preliminarily tested. The report for the Phasedtkwwill be prepared over the last three quarters
of 2014, and will include (1) a summary of key teth findings from previous studies, (2)
recommendations for appropriate data sets fromique\studies to support validation testing of
the phosphorus/eutrophication model in Phase 2fii@)ngs from limnological analyses, (4)
findings from mass balance analyses, (5) descnpifahe bioavailability of external phosphorus
loads, (6) key findings from the watershed modehlngl (7) recommendations for the structure
(conceptual model) of the phosphorus/eutrophicatimadel to be developed and tested in Phase
2. Four meetings are presently planned with teaisitaff of NYSDEC in 2013 and 2014 to
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Table 2:  Project work schedule* for the Phase 1lanited tasks for the Phase 2 (phosphorus/eutoapion modeling; marked
ingrey). (® meeting with Cornell, UFI, and/ SDEC technical staff)

Phase 1 Phase 2

No. Component Description 2012 2013 2014 2015

1 develop QAPP Phase 1 #

2 review available system information

tributary monitoring program
a). routine
———

b) event
3 . . P—

c) tributary analysis

d). loading caculations

b_

e) bicavailable particulate P estimates

lake monitoring program .

a). lake monitoring
b). limnological analysis b
c). mass balance analysis

5 setup and tesing of 2-D transport/ ———--

hydrothermal model

A

setup and test a watershed model
a) develop database -
b) tier-one model
c) tier-two model

Phase 1 report - summary of

a). data analysis
b). hydrothermal model —
c) watershed model —

d). recommended validation data set

vy vy

e) recommendations for Phase 2 -

8 develop QAPP Phase 2 -

setup and test a phosphorus/eutrophi-
9 . starts
cation model

* project work schedule is for project planning poses only and is subject to reasonable modificatlmased on conditions
encountered throughout the study. In addition, g in 2013 will require approval of the final ppat conditions and the
QAPP by the NYSDEC in early 2013 so as to allowtfa planning and implementation of the samplinggpem. Delay in
approvals will delay the entire sampling and mauglivork approximately one year (i.e., until 201d)tlsat sampling can begin
at the start of the spring period and capture titeeeone-year continuous sampling period. As s@meenents of the model
represent complexities that extend beyond standawdeling efforts used elsewhere, reasonable delaysompletion of
modeling steps may be necessary to improve the lingder'he modeling team will work with the NYSDHEG review and revise
the modeling timetable as appropriate as modelingrpsses
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promote collaboration, insights, and agreed upoamenmendations for a conceptual model for the
phosphorus/eutrophication model for Phase 2.

A.3.4. Project Deliverables

The Phase 1 project deliverables include
1. a QAPP for the 2.5 year project, including momitg of tributaries and the lake, data
analyses, hydrothermal/transport modeling, and nsiagel/land use modeling.

2. four project meetings with NYSDEC technical staffFl, and Cornell University
scientific staff to present, discuss and analyza dats, document progress, discuss and
analyze data sets, document processes and phenonagiga implications for
recommended design of an appropriate structurthéophosphorus/eutrophication model
to be developed and tested in Phase 2 of the d@agliga Lake project.

3. electronic versions of collected data sets fstritiution to designated parties, identified
by Cornell University and NYSDEC, and submittedhite Cornell library system where it
will be publicly available and searchable.

4. electronic version of the calibrated hydrothefirahsport model for distribution to
designated parties, identified by Cornell Universind NYSDEC.

5. electronic versions of the calibrated watershemtlets for distribution to designated
parties, identified by Cornell University and NYSOE

6. afinal (Phase 1) report, due in the first quaste2015, that includes:
a. summary of key findings from the monitoring pramgrof 2013.

b. summary of key findings from previous studiesupport validation testing of the
phosphorus/eutrophication model to be developgBase 2).

recommendations for a conceptual phosphorusfghittation model in Phase 2.
findings from limnological analyses.

findings from mass balance analyses.

=~ o 2 o

findings of bioavailability analyses

summary of key findings from the hydrothermatisport modeling efforts

5«

summary of key findings from the watershed maugéfforts

recommendations for Phase 2, including land mamemt scenarios to model

j. recommendations for ways to improve the watershedeling efforts.

A.4. Quality Objectives and Criteria

The overall quality assurance objective of the fi€ld program is to collect samples in an
accurate, and representative manner. It also iesltichcking, handling and transporting samples
to the laboratory, as well as documentation o$athpling and traceability of samples.
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The overall quality assurance objective of the WBloratory is to develop and implement
procedures for laboratory analysis, chain-of-cugt¢@oCs) and reporting that will provide
results that are of known and documented qualiData Quality Objectives (DQOS) are used as
gualitative and quantitative descriptors in intetprg the degree of acceptability or utility of @at
The principal DQOs are precision, accuracy, repriagiweness, comparability, completeness and
detection limits. Table 3 summarizes principal DQO%e same metrics of DQOs will be
evaluated as part of the review of secondary daaSection B.9Non-Direct Measurements).
Specific information on quality assurance is camgdi in all laboratory and field standard
operating procedures (SOP)s for new data to beatelll as part of this project. Detection and
guantitation level limits for laboratory measurense.OD and LOQs) are determined annually
using the previous year’s data for each analyteusitty methods specified in tBsmvironmental
Testing Laboratory and Field Quality Assurance MalnWFI, 2010). Table 4 contains the LOD
and LOQ limits for all water samples to be analybgdUFI's laboratory in this project (UFI,
2013a). Precision and accuracy for these paramitatiscussed in more detail Bection B.5
Quality Control and summarized on Tables 38-39. Specificationsttie probes on field
instrumentation being used by UFI field staff tonitor the lake and tributaries in the Phase 1
project are included in Tables 5 and 6, respegtiv@lhese specifications include operating range,
accuracy and precision of probes. Field measurtsyeae made as covered in their respective
SOPs Appendix L

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. For
data analysis and modeling the Data Quality Objest{DQOSs) are qualitative and quantitative
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 hydrothermal/tramrspodel component are

* data quality for key model inputs (e.g., meteogatal) will be representative to
support specification of representative driving ditions within the hydrothermal/
transport model.

* data quality for hydrothermal/transport model esteriable(s) (temperature this case)
will be representative to provide a robust teshotlel performance.

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

» data collected under previous contracts/projettishe used in this project, are
consistent with and will be subject to those cartisaQAPPS, or quality assurance
protocols of this project (see protocols for noredi measuremengéction B.D.

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

» output will be consistent with well accepted linogical paradigms (e.g., Wetzel,
2001)
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Table 3:

UFI Metrics of Laboratory and Field Dataaity Objectives.

Data Quality . Assessment
No. . Description . Comments
Objective (DOQS) (calculation)
. the degree in which two measurements are = . .
1 precision . g relative percent difference (RPD --
in agreement
reference samples (REF)
5 accurac the degree of agreement between a sampheatrix spikes (MS) improved by adherence to sample handling,
y and a true value or an accepted referengdaboratory control samples (LCS) preservation, and holding times
blanks
. collection of field replicates and | use of field clean sampling techniques;
degree to which samples accurately and . . o . .
. . . calculation of relative percent diff improved by using proper analytical tech
3 representativeness precisely represent environmental condj- . 1. .
fions ference or relative standard devig-nique and by adherence to sample handlipg,
tion preservation, and holding times
the number of valid measurements taken
4 completeness from the number of total measurements| acceptable level 95% or greater --
taken in the entire project
achieved by adherence to routine analyti¢al
5 comparabilit confidence with which one set of data carcomparison of two data sets methods, holding times, consistent deteg-
P y be compared to another tion limits, common units and consistent
rule for reporting
. . . achieved by training of qualified personnel,
... | following contribute to this: human fac- . y . gotq P
correctness and reliability . -- selection of equipment and development|of
6 L tors, environmental factors, laboratory , o
of test and calibrations . . A well documented analytical and calibratign
methods, equipment sampling, traceability
methods
LOD - for a specific method and matrix;
minimum concentration an analyte can be
determined to be significantly different - .
. I g y Limit of Detection (LOD) -
7 detection and quantitation from a blank Limit of Quantitation (LOQ)
LOQ - concentration level above which
values are associated with a high degree of
confidence
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Table 4: Summary of LODs and LOQs for UFI laboratory watealify parameters sampled in
Phase 1 project, 2013 (UFI, 2013a).
. Date
No. Parameter (unit) LOD LOQ Method Calculated
1 TP (ugP/L) 0.8 3.4 SM 18-21 4500-P E 1/4/12013
2 TDP (ugP/L) 0.8 3.4 SM 18-21 4500-P E 1/4/2013
3 SRP (ugP/L) 0.4 1.4 SM 18-21 4500-P E 1/4/2013
4 TIP (ugPIL) 0.5 1.9 SM 18-21 4500-P E 2/7/12013
5 NO, (ugN/L) 12 48 USEPA 353.2 Rev. 2.0 1/4/2013
6 t-NH3 (MgN/L) 11 43 USEPA 350.1 Rev. 2.0 1/4/2013
7 TN (ugN/L) 85 343 SM 20-22 4500-N C 1/4/2013
8 TDN (ugN/L) 86 321 SM 20-22 4500-N C 1/4/12013
9 DOC (mgC/L) 0.3 1.0 SM 18-21 5310 C (00) 1/4/2013
POC (mgCIL) (low) 0.005 0.02 SM 18-22 5310 B 1/4/12013
10
Poc(:hgghg;u L) 0.019 0.074 SM 18-22 5310 B 1/412013
11 | Chl(ugChiiL) 0.1 0.3 USEPA ‘i‘;‘:’)‘? Rev.1.2. 1 1013
12 | Chl_sp (ugChaL) 0.2 0.4 USEPA ‘i‘;g? Rev.-1.2, 1 4412013
DRSi
(mgSiO2/L) 0.01 0.04 SM 18-19 4500-Si D 1/25/2012
(low)
13
DRSi
(mgSiO2/L) 0.09 0.31 SM 18-19 4500-Si D 1/4/2013
(high)
14 UV 554 (1/m) 0.15 0.3 USEPA 415.3 Rev. 1.2 1/1/2006
15 Ceg0(1/m) 0.05 0.1 Wet Labs, 2011 Rev. V 1/4/2013
16 Tn (NTU) 0.3 1.0 SM 18-21 2130 B 1/4/12013
17 TSS (mg/L) 1 25 SM 18-21 2540 D 1/4/2013
18 FSS (mg/L) 1 25 SM 18-21 2540 E 1/4/2013
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Table 5: Summary of the specifications of the semsonfigured to the SeaBird profiler (SBE25 coufed as below) to be used
in the lake sampling portion of the project Phagediect.
No. Parameter Manufacturer g ange of Accuracy Resolution Reference
etection
1 T (°C) Sea’?érsdlféewo”' 5-35°C +0.002 °C * SeaBird, 2012a
specific i |
3 | conductance (SC; Sea I?érsd”I]EcI:ectron 0-70,000 puS/cm 3 uS/cm 0.4 uS/cm SeaBird, 2012b
puS/cm) '
beam attenuatior
coefficient, + 0.02% full .
4 (Cogof OF BAC: WET Labs 0.003to 135 1/m scale Wetlabs, 2011
1/m)
turbidity (Tn_f D & A Instru- 0.02% of the
5 yun_h ments/Campbell 0-250 NTU reading or 0.5 * Campbell, 2012
NTU) S
Scientific NTU
chlorophylla i . b
6 (Chl_f: ug/L) WET Labs 0.03 - 75 pg/L 0.03 ug/L Wetlabs, 2012
scalar
photosynthetic . :
7 active radiation LiCor * + 5% * LiCor, 2006
(PAR, HE/nf/s)
-Bi - - 10
8 depth (m) | Se€&Bird Electron 0 - 200m 0- 1% full * SeaBird, 2012¢
ics Inc. scale

* manufacture does not specify.
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Table 6:  Summary of the specifications of the semsonfigured to the YSI 660 sonde to be used enttibutary sampling
portion of the Phase 1 project.
No. Parameter Manufacturer Rangg of Accuracy Resolution Reference
Detection
T (°C) YSI -5-50 +0.15°C 0.01°C (YSI, 2011)
specific
9 conductance YSI 0-100 mS/cm | _9.5 % read- 1 uS/cm (YSI, 2011)
(SC; uS/cm) ing+1uS/cm
+ 2% reading
10 | Tn_f(NTU) vsI 0.3-1000NTU | or0.3NTU | 4 \ryy | (ys, 2011)
which ever is
greater
11 depth (m) YSI 61m 0.12m 0.001 m (Ysl, 2011

N—r
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output will be consistent with mass balance aaists

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

* responses of models to reasonable variations

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

The overall quality assurance objective of the @brdniversity Department of Ecology and
Evolutionary Biology (CUEEB) is to provide an acatg assessment of the major zooplankton
and phytoplankton populations of Cayuga Lake. Trigkides quality assurance objectives of the
UFI field team to sample sites effectively in tla&e following the sample design and accurately
documenting site location and depth. All zooplankiand phytoplankton samples will be
collected and preserved as documented in theiectisp SOP's. All deviations from protocol
will be documented on the CoCs. The CUEEB lalooyaieam will identify the zooplankton and
phytoplankton to the lowest taxonomic level preahie (species for the adults of the most
abundant taxa, genus for rare groups), providenastis of zooplankton and phytoplankton
biomass, and aggregate them into functional grotipe data on zooplankton and phytoplankton,
biomass, taxon and functional groups will be staglgttronically in a database complete with
sample location, depth, and dates.

The overall quality assurance objective of the @brBiological Field Station at Shackelton
Point (CBFS) is to provide an accurate assessnieheareissenid mussel population of Cayuga
Lake. Quality assurance objectives for the fieldn are to effectively sample sites throughout
the lake following the sample design and accuradelyumenting site location and depth. CBFS
will follow protocols from their established samqi and analysis SOPApendix 2. All live
mussels will be separated from the substrate affttisatly preserved for transport to the
laboratory in clearly labeled containers. The tabary team will identify the mussels by species
and size of the shells for an estimate of mussehbss. The data on mussel density, biomass, and
size will be stored electronically in a databasmplete with sample location, depth, and substrate
information.

The overall quality assurance objective of Michigachnological University Department of
Civil and Environmental Engineering (MTUCEE) is poovide an accurate assessment of the
fraction of particulate phosphorus that is bioaaali in the four main tributaries to Cayuga Lake,
and two main WWTP discharges. This sampling walldone under both dry and wet weather
conditions. Preliminary flow rate specificatiores fvet weather are based on conditions at the
Fall Creek gage, the longest record available fier gystem. The threshold is set at twice the
median flows, seasonally, that correspond approdiypao 410, 90 and 70 cfs, for spring,
summer, and fall, respectively. Dry weather coodsi are specified as those corresponding to
less than twice the seasonal median for 7 days fareampling. The quality assurance objectives
for the UFI field staff are to sample sites effeely following the sample design and SOP
(Appendix ) and accurately document site location, date,tand of sampling on CoCs. UFI
staff will process, preserve and ship all samplesmg with CoCs as documented in their
established UFI bioavailability bioassay filteriS@P @ppendix 3. All deviations from protocol
will be documented on the CoCs. The MTUCEE lalmxastaff will conduct all analyses related
to bioavailability bioassays. The MTUCEE laboratstgff will follow the data quality objectives
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listed in Table 3. This includes quality assuraabgctives of the staff to conduct bioassays to
accurately estimate the fraction of particulate gghmrus that is bioavailable, following SOP's
and documenting any deviation from protocol. Tabkontains the LOD and LOQ limits for all
water samples to be analyzed by MTUCEE laboratoayf $n this project. Precision and
accuracy for these parameters is discussed in ohetigl in Section B.5 Quality Contrahnd
summarized on Table 41. The data on bioavailgpihtluding sample location, dates and times,
will be stored electronically in a database.

Table 7. Summary of LODs and LOQs for MTUCEE lalbora water quality parameters
sampled in the bioavailability bioassay portiontlé Phase 1 project, 2013 (UFl,

2013a).
No. Parameter (unit) LOQ LOD Method Calz ngte d
1 TP (ugP/L) 2.3 0.5 SM 18-21 4500-P E 3/1/2011
2 TDP (ugP/L) 2.3 0.5 SM 18-21 4500-P E 3/1/2011
3 SRP (ugP/L) 2.3 0.5 SM 18-21 4500-P E 3/1/2011
4 TSS (mg/L) -- -- SM 18-21 2540 D 3/1/2011

The overall quality assurance objective of Corndtliversity Department of Biology and
Environmental Engineering (CUBEE) is to accuratelgdel the watershed of Cayuga Lake.
DQOs for the CUBEE are

» data quality for key model inputs (e.g., meteogatal) will be representative to
support specification of representative drivingaitions within the model.

* data quality for model state variables will beregentative to provide a robust test of
model performance.

» data quality for both model inputs and state \@es will be representative seasonally
and for multiple years.

» data collected under previous contracts/projettishe used in this project, are
consistent with and will be subject to those catsaQAPPS, or quality assurance
protocols of this project (see protocols for noredi measuremengéction B.Y).

While the watershed modeling group at Cornell sBito create and utilize models that
require little direct calibration, the models prepd for use here must be calibrated so that the
output for stream flow matches historical recok¥ile these are among the more robust models
available for this kind of analysis, there are tatibns in representing the true physical and
biological processes in a watershed. These liroitatiare well-understood in the modeling
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community and will be summarized in the final rdpoFhere are also limitations in the precision
of some input variables (e.g., soil properties) drase will also be explained in the final report.
Uncertainties in measured stream flow, meteorokdgigputs, and assumptions made about land
use, soil characteristics, and pollutant fate-aaddgport in the modeled system, are all reflected
by the error associated with analytical measuresmhen computer models are calibrated. Most
analytical results will have confidence intervalgtt range between +/- 12 to 30% of the
parameter measured. The primary success critdoonwatershed modeling will be the
acceptance of the "validation" results, i.e., howllwthe model reproduces independently
measured fluxes in the tributaries.

A.5. Special Training/Certification

New training will be needed by the UFI field stdffr phytoplankton and zooplankton
sampling. This training is covered below in thegggaph on CUEEB. No new or additional
special training is required for any UFI laboratatsita analysis or modeling staff for the Phase 1
project. UFI field and laboratory staff trainingdevered in detail in thE&nvironmental Testing
Laboratory and Field Quality Assurance Manud&lFl, 2010). UFI field staff are trained by
experienced field staff and follow established S@Psll measurements and tasks they perform
in the field. The field staff must perform an iaitdemonstration of capability for each task. On-
going annual training for all UFI field staff is mducted by the UFI Field Program Supervisor.
This includes reading all UFI field SOP’s and gtyathanuals for all field techniques, reviewing
all paperwork documentation, and performing on-gadlemonstration of capability program as
well as and annual ethics training. Field staffénagceived certification for first aid and boater
safety as well as receiving on-going health andtgafaining from UFI's Safety Officer.

UFI laboratory staff are trained by an experienkedxbratory technician and use established
SOPs for the analyses they are performing. Staftnmerform an initial demonstration of
capability. They have on-going and annual trainingluding reading and reviewing SOPs,
guality manuals, completing an on-going demonstradif capability, and annual ethics training.

No further training is needed by UFI data analgsid modeling staff. They will perform the
analysis and hydrothermal/transport modeling taskshis project. The modeling staff are
individuals with highly specialized expertise irethrespective modeling and data analysis tasks.
The staff has been involved in data analysis, moddé development and model set up for the
past 15 to 25 years.

Phytoplankton and zooplankton field sampling irs §hioject is the responsibility of UFI field
staff. UFI field staff will be trained by the UMield Program Supervisor to follow the field
collection protocol outlined in the existing CUEFBytoplankton and zooplankton field SOPs
(Appendix 2 Training will involve the UFI field staff reanly both SOPs and completing a
demonstration of capabilities for these technigpesr to the field program beginning. No
further new training is needed by laboratory sdfiCUEEB that is conducting the laboratory
phytoplankton and zooplankton analysis for thiggub CUEEB staff has 40 years of experience
in identifying and enumerating zooplankton and ppidnkton. The staff has followed the
protocols outlined in the phytoplankton and zooktan laboratory SOP's in similar studies on
Oneida Lake, Onondaga Lake, Lake Constance (Eurapeayell as in Cayuga Lake itself. New
staff members will be trained by the lab projeeder of CUEEB to follow the phytoplankton and
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zooplankton laboratory SOPs. They must performngtral and continued demonstration of
capability.

No further new training is needed by field and Iabory staff of CBFS that are conducting
the dreissenid mussel collection and analysis ti@ project. CBFS staff have followed the
outlined protocols in similar benthic surveys oféfa and Owasco Lakes and have training in
safe boat use and laboratory safety. New staffbeiltrained by the project leader to follow the
existing SOPs outlined for field collection anddaditory analysis. They must perform an initial
and continued demonstration of capability.

UFI field staff is responsible for collecting wateamples from four streams and two WWTP
discharges for use in bioavailability bioassay® néw training is required. This water sampling
is covered in the annual training of UFI field $tddat is detailed in the first paragraph of this
section. UFI staff responsible for processing, &jer and shipping of these samples for
bioabailability bioassays are already trained &sks they are called upon to perform. They will
follow the established UFI bioavailability bioass8®Ps developed for processing, storage and
shipping of these samples and document any dengfi@m protocol on the CoCs. No new
training will be required. Copies of CoCs for thesamples will be transmitted along with the
samples to MTUCEE. No special training or ceréfion is required for the MTUCEE project
team. They annually undergo General Safety Trgimind Chemical Hygiene Training. Forms
demonstrating completion of that training are kapfile. The MTUCEE project leader will train
laboratory staff in the conduct of the specifictdeand equipment used in conducting the
bioavailability bioassays. Considerable in-houspegience is presently resident within the
MTUCEE project team as it is actively involved ioncucting assays for other projects.

No new or special training is needed for the CUBEAHf. Todd Walter and his lab leading the
watershed modeling efforts have extensive expeeienthe personnel in the CUBEE lab are
capable of training new students and staff. Histdlly they have experience in compiling several
test data sets developed as part of our collalooratith the New York City (NYC) Department of
Environmental Protection (DEP) and NYDEC in the N¥W@tershed project. All new modelers
must demonstrate that they can setup the modeig tise test data sets and reproduce output at
the same level of corroboration with measuremethdsv,( phosphorus concentrations, etc.) as
published in our associated peer-reviewed papers.

UFI will provide training on the set-up and usetioé hydrothermal/transport model. Todd
Walter's modeling group will prepare a modeling kabrop to train end-users on how to use the
watershed models. This will be a hands-on workshophich all the participants will run the
models for Fall Creek using the input files develd@as part of this project. Participants will also
learn how to manipulate the input files to simuldiéerent scenarios. Six-months prior to the
workshop, The CUBEE group will request input frome tworkshop participants to assess their
level of modeling experience and any specific diyes or outcomes they have for the workshop.

A.6. Documents and Records

Documentation and records for the water qualitidfeend laboratory portion (UFI) and the
biological portion (Cornell) of the Phase 1 projeatlude, but are not limited to, those listed in
Table 8. Record keeping, collection and maintenaotell UFI data are covered in the
Environmental Testing Laboratory and Field QuaNanual (UFI, 2010). All records generated
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Table 8: Examples of water quality field and lahora documentation that will be generated
for the Phase firoject.

No. Document Type Document Description
1 field field packing sheets | ensure field staff have all
(Appendix 4 and )5 equipment necessary for field

tasks

2 field field sampling sheets | document all field

(Appendix ¥ measurements made on the

systems

3 field float plan Appendix 4 | document filled out prior to

sampling trips that list all
personnel on board, contains
emergency contact numbers;
check list of safety equipment
being brought on the boat, and
a safety inspection check list
for all boats, trucks, trailers
involved in the trip

4 field/laboratory chain-of-custodies (CoCsestablish an intact continuous
Appendix 6 and)7 record of the physical
possession of samples

5 laboratory analyte data packets contain all inforomadn
samples and analysis including
raw data sheets and instrument

printouts
6 laboratory data reports contain measured values far
sample analytes
7 field and laboratory,  corrective action reportslocument problems that arise
(Appendix 3 during sampling or analysis

and fixes to these problems
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in this project will be maintained for a minimumfofe years beyond completion of the project to
allow historical reconstruction of analysis. Detadn handling and secure storage of these
documents are covered in thavironmental Testing Laboratory and Field Quahtanual (UFI,
2010). All field and laboratory results will be mped to the Phase 1 assistant project manager,
compiled and delivered as part of the final Phasspbrt.

The UFI data analysis and modeling teams will bspoesible for documenting key data
analyses, hydrothermal/transport model setup amtiniys, data files and software in the final
Phase 1 report. Each modeling staff member wilidsponsible for documenting all assumptions
and supporting analyses. They will maintain recatsaritten correspondence, emails between
the modeling team members and other project memPeogress will be documented as part of
the technical meetings (n = 4) between UFI, Cordeilersity scientists and NYSDEC technical
staff (project work schedul&ection 3.3 Record keeping for each step of the hydrothermal
transport modeling process will consist of variom$ormation, in the form of progress
presentations, and multiple forms of graphics. ripi@s are given below:

e assumptions
» parameters and their source
* hydrothermal/transport model grid design
* input used, their sources, and any actions to emsgte for missing data
* setup input and output files
» coefficient values
All files from the hydrothermal/transport modelisgudy will be maintained for auditing
purposes and post-project reuse, including
* source code and executable code
e output from hydrothermal/transport model runs
* interpretation of output
» setup and testing procedures and results
No modifications of code are anticipated for thisject. If modifications become necessary,
all modification of the source code will be testdd documented in internal memos. Such
modifications would be tested throughout the hylieanal/transport model setup process by

experienced modelers reviewing the hydrothermakpart model output to determine that it
demonstrates expected behavior and responds e@xgieeted manner for each model run.

The phytoplankton and zooplankton field samplindl Wwe documented by UFI field staff
which is responsible for sampling phytoplankton aadplankton in this project. Copies of CoCs
for this sampling will be transmitted along witreteamples to CUEEB. They will be responsible
for documentation of laboratory phytoplankton amsb@ankton analysis. Examples of such
documents including field sheets, CoCs for sampled,data reports are outlined in Table 8. All
records generated in this project will be maintdifer a minimum of five years beyond
completion of the project. Data reports includsampling information and laboratory analysis
(taxon identification, enumeration, biomass esteémptwill be reported to the UFI project
managetr.
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CBFS is responsible for documenting sample cotbacéind analysis of dreissenid mussels for
this project. Examples of such documents includietyl sheets, CoCs for samples, and data
reports are outlined in Table 8. All records geted in this project will be maintained for a
minimum of five years beyond completion of the patj Data reports including sampling
information and laboratory analysis (density armb slistribution of dreissenid mussels) will be
reported to the UFI project manager.

UFI field staff are responsible for collecting watgamples from four tributary and two
WWTP discharges to be used in conducting bioaviihalbioassays in this project. UFI staff
will be responsible for filling out CoCs for all wea samples collected to be used in
bioavailability bioassays. UFI field staff willlrequish the water samples and CoCs to UFI staff
trained in the handling and processing of thesemsamplesAppendix 3. UFI will maintain
hard copies of these CoCs. Copies of the CoCthéme samples will be transmitted along with
the samples to MTUCEE. MTUCEE laboratory staffl wé responsible for documentation of all
laboratory analysis related to conducting bioawslity bioassays. The MTUCEE laboratory
staff will maintain a file of raw data, instrumeprintouts, preparation and run logs, calibration
information, analytical data, quality assuranceadat MTUCEE laboratory staff will be
responsible for maintaining CoCs throughout thee diycle of the samples. Data reports including
sampling information and laboratory analysis wélfeported to the UFI project manager.

The CUBEE team will be responsible for documenttey geospatial data and model setup
and findings, data files and software in the finbhse 1 report. Each modeling staff member will
be responsible for documenting all assumptions supgporting analyses. They will maintain
records of written correspondence, emails betweemtodeling team members and other project
members. Progress will be documented as part ofettfenical meetings (n = 4) between UFI,
Cornell University scientists and NYSDEC technistdff. Record keeping for each step of the
modeling process will consist of various informatiin the form of progress presentations, and
multiple forms of graphics. Examples are given belo

* assumptions and simplifications

» parameters and their sources

* model landscape discretization scheme

* input used, their sources, and any actions to emsgte 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
* output from model runs
* interpretation of output
e setup and testing procedures and results
No new code modifications to the watershed modeds amticipated for this project. If

modifications become necessary, all modificatiohef source code will be tested, documented,
and shared with the project team. Such modificatwauld be tested throughout the model setup
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process by experienced modelers reviewing the moalglut to determine that it demonstrates
expected behavior and responds in the expected endon each model run. The CUBEE
watershed modeling team has experience modifyingetnmode (e.g., Easton et al., 2009; Fuka et
al.,, 2012). In addition to distributing these domnts and records to the other Cornell
participants, UFI, and NYSDEC, some informationlalso be submitted to the Cornell library
system where it will be publicly available and sé@ble Section A.3.4)

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, and support documentation and,daill be submitted in electronic format.
All electronic records discussed in this sectiotl e stored on a secure server, write protected,
and backed up for a period of five years beyondpietion of the project. This server is part of a
LAN network and is password protected and proteetedrnally via a firewall (UFI, 2010).

Electronic records collected by CUEEB for phytogdmm and zooplankton data including
field sheets, images, and data analysis, and datats will be stored on a secure server on the
Cornell University LAN network that is password fgoted and protected externally via a
firewall. Data will be backed up to this server fominimum of five years beyond completion of
the project.

Electronic records collected by CBFS for dreissanuakssel including field sheets, images,
and data analysis, and data reports will be stored secure server on the Cornell University
LAN network that is password protected and protkarternally via a firewall. Data will be
backed up to this server for a minimum of five yelaeyond completion of the project.

Electronic records collected by MTUCEE for all lagtry analysis related to conducting
bioavailability bioassay including raw data, instrent printouts, preparation and run logs,
calibration information, analytical data, qualitysarance data and data reports will be stored on a
secure Michigan Technological University computeaittis backed up routinely. Data will be
stored for a minimum of five years beyond compleid the project.

Electronic records collected by CUBEE for watersheddeling including field sheets,
images, and data analysis, and data, input andibfilgs will be stored on a secure server on the
Cornell University LAN network that is password fgoted and protected externally via a
firewall. Data will be backed up to this server ominimum of five years beyond completion of
the project.
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B. Measurement and Data Acquisition

B.1. Sampling Process Design

The sample design process tbe Phase 1 project is described in this secti@nofessional
judgment necessarily plays an important part indésign of a sampling (monitoring) program
for a large ecosystem such as Cayuga Lake. Fabtarghfluence such a design include:

» the issue of concern; here phosphorus/eutropbitati

» site specific background information; e.g., soar@xisting spatial differences.
* is ain-lake hydrothermal/transport model invol?ed

* is a watershed/land use model involved?

* level of use of the product information; herejmdtely a TMDL analysis.

» availability of related monitoring information.

» experiences with similar issues and projects theosystems by UFI CUBEE and
NYSDEC.

» watershed modeling strategies to be used, e.girieal vs. physically-based, lumped
vs. spatially distributed

The features of the subsequently described mongomrogram (sites, lake depths,
parameters, frequency, tributaries included) haenldeveloped based on 30 years of experience
by UFI on such issues, with important input andrapal by technical staff in NYSDEC.

B.1.1. Lake Sampling
Lake sampling task for the Phase 1 project hasipieifieatures:

* multiple sites.

* multiple metrics.

» laboratory and field measurements.

» one lake-wide monitoring frequency.

» asecond more frequent/less parameters moniténeqgency for sites 1-3.

These features were developed in collaboration @dmell and NYSDEC technical staff.

B.1.1.1. sites

Two types of in-lake sampling will occur in the Bkal project, lake-wide sampling (Figure
6) and more frequent, less intensive, samplinguiiei@). The lake-wide sampling sites (1-9) for
field measurements and water quality samplingdbotatory analyses are presented in Figure 6.
Sampling will be conducted from the north to sotdh those surveys. Justification for not
changing the north to south sampling order incltitit the monitoring parameters are not
sensitive to diel effects (such as DO and pH wdndyl and with the predominant wind from the
north it is safer and easier to sample north tarsoé more frequent sampling program, called
the “frequent south sampling” throughout this doewt will include field measurements and
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water quality sampling conducted in the southermh @rthe lake (Figure 8). This more frequent
south sampling program will focus on more limitedter quality parameters (at sites 1, 2 and 3).
Lake-wide and frequent south monitoring data waldmllected in 2013, and be analyzed during
Phase 1 to gain insights on the lake and it's entrcycling. This data analysis will help guide th
design of a conceptual framework for a phosphoutsiphication model to be developed in
Phase 2. This model will be a lake-wide modeluttothe regulatory focus with the model will
be on the southern end of the lake. This lake-vg@a@pling will support the lake-wide model
framework chosen for this project.

Monitoring along the entire length of the lake Hme®en rare. An exception was a survey
conducted in August of 1996 by UFI with rapid pliofyj instrumentation (see Figure 12 in Effler
et al., 2010) that informed the selected designneNnonitoring sites are specified along the
major axis of the lake for this study (Figure @ight of these are approximately equally spaced
along this axis of the lake. Two sites (No.'s d apare positioned at the southern end, to support
NYSDEC's focus on that portion of the lake. The specifications are consistent with

» the results of the single previous entire lakersui(Effler et al., 2010)

» with sampling lay-outs adopted in similar previaiadies (Effler et al. 2006; Gelda
and Effler, 2007; Gelda et al., 2009; and Geldal.€2012)

» the goal of supporting preparation of summarizieggth-depth contour plots for
various parameters

» the goal of completing surveys of all sites witbime day

Sites 1, 2, and 3 correspond to stations in theigue LSC monitoring program. The specified
sites will support resolution of noteworthy spatdifferences in water quality attributes of
concern related to the phosphorus/eutrophicatsueisas well as support regulatory focus on the
southern end. Moreover, it is consistent with strecture of the hydrothermal/transport model
(Phase 1) that will form the physical frameworktloé phosphorus/eutrophication model (Phase
2). ltis also consistent with sampling site dasifjother long narrow basin studies in New York
(Gelda and Effler, 2007a; Gelda and Effler, 200T&elda et al., 2012; Effler et al., 2006). The
location of sampling sites for the lake-wide samglare specified as numbers 1-9 in Table 9
(Figure 6). The location of sampling sites for frequent south monitoring are specified as
numbers 1-3 in Table 9 (Figure 8). Parametersgogacked in lake-wide and frequent south
sampling are discussed in more detafbaction B.1.1.2 Timing of lake-wide and frequent south
sampling are discussed in more detatbaction B.1.1.4

Biological sampling for phytoplankton and zooplankiwill be conducted on a lake-wide
basis at the same sites as lake-wide water qusliiging assessed (Figure 6; Table 9). Biological
monitoring data will be collected in 2013 and balgped during Phase 1 to gain perspective on
the lake’s a phytoplankton and zooplankton dynamiPfiase 1 analysis of phytoplankton and
zooplankton data will aid in the conceptual modelelopment for phosphorus/eutrophication
modeling (Phase 2). More details of phytoplankémal zooplankton sampling are covered in
Section B.1.1.3.

Biological sampling for dreissenid mussels willdmnducted on a lake-wide basis (Figure 7).
Sampling has been conducted previously (4-5 yearBeB, but with more limited spatial
coverage (Watkins et al., 2012). The purposeisfdampling is to acquire more updated

CayugaLk _QAPP_r0_11-2012.fm Page 49 of 491 NELACatatory ID 11462
Effective Date 3/15/13 Control Copy on lvory Paper cDment No. 26 Revision No. 0.0



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

Table 9: Locations of sampling sites in Cayuga Ld&e lake-wide and frequent south
monitoring, (X indicates sampling at site, -- iraties no sampling).

. Lake-Wide Frequent Approximate

No. NSaI:r?e Monitoring Mo?l?tgtrri]ng . .
(Figure 6) (Figure 8) Latitude Longitude
1 1 X X 42.4680 76.5157
2 2 X X 42.4885 76.5230
3 3 X X 42.5543 76.5940
4 4 X -- 42.5787 76.6311
5 5 X -- 42.6189 76.6618
6 6 X -- 42.6836 76.6970
7 7 X -- 42.7402 76.7387
8 8 X -- 42.8130 76.7245
9 9 X -- 42.8745 76.7234
10 I X X 42.4542 76.5111

estimates of dreissenid mussel biomass and itskdison in the lake. Dreissenid mussel data
will be collected in 2013 and be analyzed during$ehl to gain insights on the potential effects
of their metabolism. Phase 1 data analysis ofsdesiid mussel data will aid in the conceptual
model development of a phosphorus/eutrophicatiodatiog (Phase 2). Selection of sample site
locations was based on the previous study (Watkias., 2012) as well as the long experience of
the biological team conducting such studies. Maetails of dreissenid mussels sampling are
covered inSection B.1.1.3.

B.1.1.2. lake water quality metrics

The metrics for lake monitoring can be partitiorsctording to field measurements and
laboratory measurements. The field measuremeirits,tine exception of Secchi disc depth (or
transparency), will be made with rapid profilingsirumentation. This instrumentation has
detailed depth resolution capabilities ofl<m, thereby providing detailed vertical profiles
various parameters over the instruments depth randéese measurements include: (1)
temperature (T), (2) specific conductance (SC)fl(®rometric chlorophyll, (4) scalar irradiance
(PAR), (5) beam attenuation coefficiengdy BAC), and (6) turbidity (Tn). The Secchi disc (5D

and instrumentation measurements will be made hktniale sites. The lake-wide field
measurements of water quality will be made as pudifiles from the surface to near bottom
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(Table 9) at depth interval of &m at all 9 sites (Figure 6; Table 9), contingapbn wave
conditions; high waves will result in shallower files. The frequent south field measurements
of water quality will be conducted in the same maninumber 1-3 Table 10) for sites 1-3 (Figure
8; number 1-3 Table 9). Field measurements ftn bampling frequencies will be made with the
SeaBird. Parameters measured by this instrumentisted in Table 5. A full list of field
parameter measurements being collected, as wedeaautility, is listed in Table 11.

Sampling depths, according to site for the varjparimmeters, are presented for the lake-wide
program in Tables 12-17, and for the frequent sputigram in Tables 18-19. Sampling for the
complete lake surveys focuses on near surface svetethe complete suite of analytes, but also
includes the 10m depth (metalimnion for P specidd,and solids because of metalimnetic peaks
observed for certain constituents earlier compbdte-length survey (Effler et al., 2010). Details
of the site locations for lake-wide and frequeniteosampling are presentedSection B.1.1.1
Details of timing of sample collection for lake-wiénd frequent sampling are detaile®action
B.1.1.4 For frequent south monitoring the full suitefiefd measurements will be madeection
B.1.1.9. However, laboratory analyses will be limitedtédal phosphorus (TP), total dissolved
phosphorus (TDP), soluble reactive phosphorus (SR®al inorganic phosphorus (TIP)
(Appendix 9, particulate organic carbon (POC), chlorophyl{Appendix 1], total suspended
solids (TSS), volatile suspended solids (VSS), ba#enuation coefficient measure at 660 nm
(Ce60), and PAV;, (by SAX) (Appendix 1)1 This lake-wide and frequent south data willused

in Phase 1 data analysis. This analysis will supihe development of a conceptual framework
for a phosphorus/eutrophication model in Phase 2.

Table 10: Lake-wide field water quality samplin@tgins and approximate depths, Cayuga
Lake, 2013.

Approximate

Station maximum depth (m)

3

7

90

90

135

135

60

30

Ol o | N|OoO|lu| b W|N|PF

3

[N
o

N/A surface sampling only|
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Table 11: Listing and utility of all field measurents collected for lake-wide and frequent south
sampling for the Phase 1 project; (*_f " = field).

No. Analyte Abbreviation utility

thermal stratification,

1 temperature T . .
important model input

2 specific conductance SC conservative tracer
surrogate of Tn, light

3 field beam attenuation coefficient Ceea_f scattering coefficient and
TSS

surrogate of "sediment”
[e.g., suspended

4 field turbidity Tn_f particulate material
(SPM)], and the light
scattering coefficient

trophic metric, proxy for

5 field fluorometric chlorophyla Chl_f phytoplankton biomass
6 scalar photosynthetic solar radiation PAR light peaten
7 Secchi disk SD water clarity
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Table 12: Proposed lake-wide sampling locations degths for collection of phosphorus
species; total phosphorus (TP), total dissolvedsphorus (TDP), and soluble reactive
phosphorus (SRP) samples (marked with X's) and totaganic phosphorus (TIP)
samples (marked with O’s) in Cayuga Lake (FB =dfielank, | = inlet lake sampling,

see Figure 6; two sets of numbers under total nuimiogamples per parameter are for
X’s and O’s respectively).

Depth (m) Sampling Sites
FB i 1 2 3 4 5 6 7 8 9
0 X, 0 X, 0 X, 0 X, O X, O X, O XXX, | X, O X, 0 X, 0 X, O
000
5 X X X X X
10 X, 0 X, O X, O X, O X, 0 X, 0
20 X X
40 X X
60 X X X X
80 X X
100 X X X
120 X
bottom X
total # of 15,15| 15,15] 15,15 15,15 105} 75, 30 180, | 75,30 | 45,30f 30,30 15,1b
samples per 30 60
parameter
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Table 13: Proposed lake-wide sampling locationsaeqths for collection of total ammonia (t-
NHs3), and nitrate + nitrite (N§Q), samples in Cayuga Lake (FB = field blank,=
inlet lake sampling, see Figure 6).

Depth (m)

Sampling Sites

FB

2 3 4

)]

0

5

10

20

40

60

80

100

120

bottom

X X X

x
x
x

X | X | X| X| X| X| X]| X]| X

total # of
samples per
parameter

15

15

15 15 15

180

15

15 15

15

Table 14: Proposed lake-wide sampling locations dadths for collection of fluorometric
chlorophyll a (chl), total suspended solids (TSS), and fixedosnded solids (FSS)
samples in Cayuga Lake (FB = field blankA inlet lake sampling, see Figure 6).

Sampling Sites

Depth (m)
FB i 1 2 3 4 5 6 7 8 9
0 X X X X X X XXX X X X
5
10 X X X X X
total # of
samples per| 15 15 15 15 30 30 60 30 30 30 15
parameter

CayugaLk _QAPP_r0_11-2012.fm
Effective Date 3/15/13

Page 54 of 491
Control Copy on lvory Paper

NELACaratory 1D 11462

cDment No. 26 Revision No. 0.0




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

Table 15: Proposed lake-wide sampling locationsaeqths for collection of dissolved organic
carbon (DOC) and particulate organic carbon (PC)es in Cayuga Lake(* no
DOC for this sample, ** count for DOC; FB = fielddnk, || = inlet lake sampling,

see Figure 6).

Depth (m)

Sampling Sites

FB

4

(&)

0

X*

x
X
x

5

10

20

40

60

80

100

120

bottom

X | X| X| X| X[ X| X]| X]| X

total # of
samples per
parameter

15

15,
0**

15

15

15

180

15 0 15
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Table 16: Proposed lake-wide sampling locations depths for collection of total nitrogen
(TN), total dissolved nitrogen (TDN), turbidity (J,;nbeam attenuation at 660 nm
(ce60), and particle area concentration (RAdy SAX) samples in Cayuga Lake (*no
TN, TDN for this sample, **count for TN, TDN; FB feld blank, | = inlet lake

sampling, see Figure 6).

Sampling Sites
Depth (m)
FB I 1 2 3 4 5 6 7 8 9
0 X X* X X X XXX X X
total # of 15
samplesper| 15 O**' 15 15 15 0 45 0 15 0 15
parameter

Table 17: Proposed lake-wide sampling locationsdeqths for collection of dissolved reactive
silica (DRSI) and U\s4 samples in Cayuga Lake (FB = field blank,d inlet lake

sampling, see Figure 6).

Sampling Sites
Depth (m)
FB I 1 2 3 4 5 6 7 8 9
0 X X X X X XXX X X X X
5
10
20 X
40
60 X
80
100 X
120
bottom X
total # of
samples per 15 0 15 15 15 15 120 15 15 15 15
parameter
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Table 18: Proposed frequent south sampling (reducstd of parameters with increased
frequency sampling) locations and depths for ctibecof phosphorus parameters,
total phosphorus (TP), total dissolved phosphoriBR), and soluble reactive
phosphorus (SRP) samples (marked with X’s) and totaganic phosphorus (TIP)
samples (marked with O’s) in Cayuga Lake (FB =dfielank, | = inlet lake sampling,

see Figure 8).

Sampling Sites
Depth (m)

FB I 1 2 3

0 X, 0 X, 0 X, 0 X, 0 X, 0

5

10 X, 0

20

40

60

X | X | X | X

80

total # of
samples per 15 15, 15 15, 15 15, 15 105, 30
parameter

Table 19: Proposed frequent south sampling (reducsd of parameters with increased
frequency sampling) locations and depths for ctiec of X = fluorometric
chlorophylla (Chl), particulate organic carbon (POC), turbidity), and particle area
concentration (PAY, by SAX); O = beam attenuation coefficientgdg, total
suspended solids (TSS), fixed suspended solids)(§&8ples in Cayuga Lake (* not
PAVmM or Tn collected at this depth, ** count for\AA and Tn; FB = field blank, |=

inlet lake sampling, see Figure 8).

Sampling Sites
Depth (m)
FB I 1 2 3
0 X X X X X
5
10 X*
total # of
samples per 15 15 15 15 30, 15**
parameter
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All laboratory parameters being collected for thieetwide and the frequent south monitoring
and the parameter utilities are identified (Table Rboratory SOPs are ippendices 9-11
these include: (1) multiple fractions of P to déserpools and cycling, (2) other phytoplankton
nutrients, (3) measures of phytoplankton biomadany of these parameters are widely included
in studies to support development and testing afsphorus/eutrophication models (Chapra,
1997). An exception is U)4, that is instead related to the disinfection byeoct issue. It is

included to provide data to potentially addresd thsue in other subsequent studies by other
parties (i.e., not of interest for phosphorus/quttrcation model of Phase 2).

The parameters listed in Table 20 are directly suesd parameters. Other parameters
(particulate organic P (R and particulate inorganic P (f)Pare derived or calculated from the

measured parameters, and will be used in analygist@ support phosphorus/eutrophication
model development. Calculated parameters are edverdetail inSection B.4

Parameters such as Tn, T8§ggand PAY, (by SAX) impact the water clarity. Although not

directly related to phytoplankton growth they ambny measured because of their impact on
water clarity, the light available to grow algaad@ cycling.

A number of important metrics for the study caryobe measured in the laboratory,
including the specified forms of phosphorus (Pheotnoteworthy nutrients (e.g., ammonia and
silica), and organic carbon fractions (Table 20pdditionally, certain parameters will be
measured in the lab as a check on field measureméohlorophylla (Section B.4 Tn,and Ggg

(Table 20).

The primary measure of chlorophgl(Chl) will be laboratory measurements conductedgis
the fluorometric method (see S@Ppendix 1. Fluorometric methods are most widely used for
this parameter due to great sensitivity at low aipdyll concentrations (Arar and Collins, 1997,
Welschmeyer, 1994). This will be measured asitdls in the epilimnion during both lake- wide
(Table 14) and frequent south (Table 19) monitarinigp situ full profiles of fluorometric
chlorophylla (Chl_f) will be measured in the field with the rpprofiling instruments for both
lake-wide and frequent south monitoring. This measent will be used as a secondary
measurement of chlorophyll that will give more dlethvertical resolution in the lake chlorophyll
distribution. Another laboratory measurement dbabphyll a will be made, on a sub-set (thirty
to forty) of samples collected for primary measueais (at sites 1-3), according to a
spectrophotometric method (see S@PBpendix 1P The goal for these spectrophotometric
measurements is to support development of a qatwdt linkage to the fluorometric
observations. This will support the potential wdethe LSC monitoring program Chl data,
obtained spectrophotometrically, as part of thesphorus/eutrophication model analysis (Phase
2).

The specification of the depths of sampling of traious sites are based on several
considerations: (1) the size and great depths oftnod the lake, (2) focus on the upper
(epilimnetic) layers for the phosphorus/eutropharaissue, because these are the depths where
phytoplankton growth is localized and where relatsthetic concerns (Secchi depth, turbidity)
are manifested, (3) the need for robust verticaffilgs for at least one site (No. 5) (good
limnological practice), (4) the need for multipleofles (i.e., more than one site) to assess the
representativeness of recent increases in phosploncentrations in the LSC intake, (5) the
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Table 20: Listing and utility of all directly measa laboratory measurements collected for lake-
wide and frequent south sampling for the Phasejegqi.

[72)

No. Analyte pool | Abbreviation | Unit utility
soluble reactive immediately available
1 phosphorus P SRP HgP/L nutrient for phytoplankton
trophic state metric,
2 | total phosphorus P TP pngP/Llimiting nutrient,
guantifies the P pool
total dissolved available nutrient for
3 phosphorus P TDP HgP/L phytoplankton
inorganic phosphorus
total inorganic measured to calculate
4 phosphorus P TP MgP/L other pools of phosphoru
seeSection B.4
5 | nitrate + nitrite N NOy HgN/L | phytoplankton nutrient
6 | ammonia N t-NH3 HUgN/L | phytoplankton nutrient
7 | total nitrogen N TN HgN/L| quantifies the N pool
. . guantifies the overall
8 | total dissolved nitrogern N TDN HgN/L dissolved N pool
9 dissolved organic C DOC mgC/L | quantifies the C pool
carbon
10 particulate organic C POC mgCIL representation qf
carbon phytoplankton biomass
trophic metric, proxy for
11 | chlorophylla algal Chl pHa/L phytoplankton biomass
: . . : mg | phytoplankton nutrient
12 | dissolved reactive silica  alga DRSi SIO,/L | (diatoms)
surrogate of "sediment”
[e.g., suspended
13 | turbidity clarity Tn NTU | particulate material
(SPM)], and the light
scattering coefficient
. surrogate of Tn, light
14 beam attenuation at 660 clarity C660 1/m | scattering coefficient and
nm TSS
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No. Analyte pool | Abbreviation | Unit utility
. . gravimetric measure of
15 | total suspended solids clarity TSS mg Ltotal sediment

16 | fixed suspended solids clarity FSS mg Lgrawme_trlc measure of
inorganic sediment

=

light attenuation at a
wavelength of 254 nm

surrogate of precursors g

17 disinfection by-products

UV54 1/m

projected area per unit
18 | volume, minerogenic | clarity PAV, 1/m
particles (by SAX)

water clarity, inorganic
particulate content

relative importance of the various parameters ppstt the phosphorus/eutrophication modeling
initiative (including Phase 2), and (6) experienicesther similar modeling initiatives.

B.1.1.3. biological communities

Phytoplankton and zooplankton sampling will be amtdd only as part of the lake-wide
sampling. Some phosphorus/eutrophication modelslaimthe contributions of multiple groups
of phytoplankton (e.g., diatoms, green-algae, chanteria or blue-green algae) to the overall
assemblage as they have different behavior andrwataity attributes. Thus phytoplankton
taxonomic composition will be monitored. Phytofdaon samples are subject to preservation
(Section B.X Samples will be collected in duplicate from thpper (0 to 10 m integrated sample)
waters for 5 sites (No.'s 1, 3, 5, 7 and 9) bi-vige&nd preserved. Additionally deep water
samples (60 m) will be collected at sites 3, 5 @dApproximately 100 of the samples will be
analyzed (counts and identificatioBgction B.X These data will be analyzed in Phase 1 to
inform deliberations on the design of the Phas&@phorus/eutrophication model, and may be
directly incorporated in that model. Depending the findings in Phase 1 show, the Phase 2
model may seek to resolve the timing of major pplokton groups in simulations of
phytoplankton biomass. Selection of the samplesbdéoanalyzed will be made by the
phytoplankton and zooplankton ecologist from Cdrigdiversity (Nelson Hairston), based on
his review of other attendant limnological informoat and dialogue with the UFI project team.
Salient features of the results will be presentedhe final report of Phase 1 and at a project
meeting(s).

Grazing zooplankton can play a critical role (1)te regulation of phytoplankton biomass,
(2) in the cycling of phosphorus, and (3) in regjakawater clarity, when and wheBaphniaare
present in high concentrations. For these reasbasffects of zooplankton may be represented
in the subsequent phosphorus/eutrophication modke details of sampling, sample handling/
and analyses for zooplankton are specified in seped8OPsAppendix 2 The concentrations
and composition of the zooplankton community wél fmonitored. Samples will be collected in
duplicate at sites 1, 3, 5 and 7 bi-weekly. Theo @0 m depth interval will be sampled to
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correspond to the depths of the phytoplankton sasapAdditionally, deep water samples (from
40 to 60 m) will be collected from sites 3, 5 and @nlike the phytoplankton samples, all

zooplankton samples will be analyzed. Salientuiesst of the results will be presented in the final
report of Phase 1, and at project meetings.

Dreissenid mussels (both zebra and quagga) can batre direct effects (consumption
through filter feeding) and indirect effects (natrt excretion) on phytoplankton growth and
biomass. Dreissenid mussels are well establishedayuga Lake (Watkins et al., 2012). A
survey (not repeated; i.e., one sampling of eatd) svill be conducted of these populations
during the 2013 lake field program, to support pb& representation of the effects of the
metabolism of these bivalve mussels in the subseqiesphorus/eutrophication model (Phase
2). The planned survey sites (Figure 7; Table @&ye selected to support lake-wide
representation of these effectsSection B.4presents SOPs which specify the protocols for
sampling and sample handling, and the identificaind sizing of collected individuals. Salient
features of the survey results will be presentedha final report of Phase 1 and at project
meetings.

B.1.1.4. timing of lake monitoring

Timing features of the monitoring design are infloed by the project goals, precedents from
similar initiatives elsewhere, and system-spedafiaracteristics. The start time is critical, early
spring of 2013. It is important to capture the pérof early spring to quantify conditions prior to
the onset of stratification and the spring algalobh. The lake field program will extend, as a
minimum, from April through October. These tempdraunds may be extended, contingent
upon meteorological conditions. The lake-wide.(i%sites; Figure 6; Table 9) program will be
conducted once every two weeks (bi-weekly). A aiartday of the week will be targeted.
However, some variation in the specific day will beavoidable because of the effects of
meteorological conditions, particularly given theesof the lake. Site locations for lake-wide
sampling are discussed in more detailSection B.1.1,1and parameters being collected are
discussed in more detail Bection B.1.1.2 Additionally, a reduced scope program, callegl th
frequent south monitoring throughout this docun(&ngure 8; Table 9), will be conducted more
frequently for the southern three sites (No.'s 1lan®d 3) during the summer months (June-
September), to provide more temporal resolution sugport NYSDEC's focus on the southern
end of the lake. The June-September interval spards to that used to assess status with
respect to the state phosphorus guidance valuerddpgency will be increased to twice per week
for that interval, requiring three more days of ping over a two week interval in an addition to
the lake-wide bi-weekly surveys. Site locationsffequent south sampling are discussed in more
detail inSection B.1.1,land parameters being collected are discussedir detail inSection
B.1.1.2 These design details are the outcome of retagdtiations between Cornell University,
UFI, and NYSDEC technical staff.

B.1.2. Tributary Program

B.1.2.1. tributary mouths

In Phase 1, tributary monitoring is being condudiedsupport material loading estimates.
These material loading estimates will be used msBH to support testing of the watershed/land

CayugaLk _QAPP_r0_11-2012.fm Page 61 of 491 NELACatatory ID 11462
Effective Date 3/15/13 Control Copy on lvory Paper cDment No. 26 Revision No. 0.0



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

Table 21: Location of proposed sampling sites iguga Lake for dreissenid mussels in 2013.
(ML = mid-lake; A represents the sample site closeshe west shore with increasing
letters as you approach the east shore).

transect No. Site Name goal Latitude goal depth comment

1 1ML 42.468 3 mid-lake
2 1A 42.468 3

1 3 1B 42.468 3 w
4 1C 42.468 3 =
5 1D 42.468 3
6 2ML 42.4885 7 mid -lake
7 2A 42.4885 3

2 8 2B 42.4885 5 w
9 2C 42.4885 5 =
10 2D 42.4885 3
11 MPML 42.5543 90 mid -lake
12 MPA 42,5543 15
13 MPB 425543 30
14 MPC 42,5543 45
15 MPD 42.5543 60

Myers Point (MP) 16 MPE 42.5543 75 w

17 MPF 42.5543 75 =
18 MPG 42,5543 60
19 MPH 425543 45
20 MPI 425543 30
21 MPJ 42.5543 15
22 3ML 42.5543 90 mid -lake
23 3A 42.5543 15
24 3B 425543 30
25 3c 42,5543 45
26 3D 425543 60
27 3E 42.5543 75

3 w
28 3F 42.5543 75 ;
29 3G 42.5543 60
30 3H 425543 45
31 3l 42,5543 30
32 3J 425543 15
33 3K 42.5543 3
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transect No. Site Name goal Latitude goal depth comment

34 4ML 42.579 90 mid -lake
35 4A 42.579 15
36 4B 42.579 30
37 4C 42.579 45
38 4D 42,579 60
39 4E 42,579 75

4 w
40 4F 42,579 75 s
41 4G 42.579 60
42 4H 42.579 45
43 4l 42.579 30
44 4] 42.579 15
45 4K 42,579 3
46 5ML 42.6189 120
47 5A 42.6189 15
48 5B 42.6189 30
49 5C 42.6189 45
50 5D 42.6189 60
51 5E 42.6189 75
52 5F 42.6189 90
53 5G 42.6189 105

5 mid-lake
54 5H 42.6189 105
55 51 42.6189 90
56 5] 42.6189 75
57 5K 42.6189 60
58 5L 42.6189 45
59 5M 42.6189 30
60 5N 42.6189 15
61 50 42.6189 3
62 6ML 42.684 120
63 6A 42.684 15
64 6B 42.684 30
65 6C 42.684 45

6 mid-lake
66 6D 42.684 60
67 6E 42.684 75
68 6F 42.684 90
69 6G 42.684 105
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transect No. Site Name goal Latitude goal depth comment
70 6H 42.684 105 mid-lake
71 61 42.684 90
72 6J 42.684 75
73 6K 42.684 60
6 w
74 6L 42.684 45 '
=
75 6M 42.684 30
76 6N 42.684 15
77 60 42.684 3
78 7ML 42.74 60 mid-lake
79 A 42.74 10
80 7B 42.74 20
81 7C 42.74 30
82 7D 42.74 40
83 7E 42.74 50
7 w
84 7F 42.74 50 .
=
85 7G 42.74 40
86 7H 42.74 30
87 71 42.74 20
88 7 42.74 10
89 7K 42.74 3
90 8ML 42.813 30 mid-lake
91 8A 42.813 10
92 8B 42.813 20
8 w
93 8C 42.813 20 '
2
94 8D 42.813 10
95 8D 42.813 3
96 9ML 42.8745 3 mid-lake
97 9A 42.8745 3
9 98 9B 42.8745 3
W -E
99 9C 42.8745 3
100 9D 42.8745 3
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use model, and mass balance analyses for the |lekimately the loads will be used in the
phosphorus/eutrophication model developed anddestPhase 2. Tributary monitoring will be
relatively short intervals of high flow (runoff ewis). According to good monitoring and
conducted over the April (perhaps mid-March) thtougctober interval of 2013.
Disproportionately large contributions to phosplsoand sediment loading commonly occur over
watershed/land use modeling practice, increaseglgagnis often implemented during some
events for important tributaries to improve theresgntativeness of loading estimates.

Specifications of the design of the tributary paogr(sites, parameters, frequency and number
of events) evolved through technical dialogue betw€ornell, NYSDEC and UFIl. The five
largest tributaries to the lake (Figure 4) wereepted as a reasonable and appropriate
representation of inputs to support the subsequwattrshed/land use modeling efforts. Other
factors than size that supported selections indudeir position relative to the southern end and
the availability of flow measurements for four bése tributaries.

Three types of tributary mouth sampling will be doaoted as part of the Phase 1 project,
routine sampling, event based sampling, and bitevéity bioassays. For the routine sampling,
the selected tributaries were Salmon Creek, FadleGr Six Mile Creek, Cayuga Inlet and
Taughannock Creek (the only ungauged one of tmgmddries). Each of these tributaries will be
monitored as close to the lake as conditions (aagessibility, absence of backflow effects from
the lake) allow (Figure 4), at a frequency of omsery two weeks (bi-weekly). The routine
sampling location on each tributary is listed obl€22. This routine sampling is also referred to
as fixed frequency (FF). A breakdown of the estedasamples to be collected according to
various analytes for the FF component of the tabumonitoring is presented in Table 23. In
addition to the water quality parameters being dad)pa YSI sonde will be used to measure
temperature, specific conductance and turbidityeath of the five tributary sampling sites.
Certain of these field data will be used in thedehh hydrothermal/transport modeling.

Runoff event-based sampling (s8ection A.4or definition of dry and wet weather stream
sampling) will be conducted at the mouth for fodittee tributaries; Salmon Creek, Fall Creek,
Six Mile Creek, Cayuga Inlet (sites No. 1-4 on EPR). Automated sampling equipment will be
used to collect samples during runoff events (Fegd. A break-down of parameters, and the
estimated number of event (E) samples accordipgtameter and tributary, is presented in Table
23. The number of phosphorus samples to be cetlestiring each event is expected to average
ten. SRP will be collected during storm events biomatic samplers. Due to the nature of the
collection technique, the samples will not be féid within 15 minutes of collection as per the
method requirements. All SRP samples collectedhisatechnique will be appropriately flagged
and qualified. Differences in the number of saspb be collected for the various parameters
reflect the perceived differences in importance hetavior for the overall data analysis and
watershed/land use modeling initiative. The geaii monitor the effect of four runoff events.
Such designs (Table 23), while necessary for planmpiurposes, generally can be expected to
require modification during execution based on teality of non-idealized conditions (e.g.,
meteorological, equipment performance, vandalisgajth and safety issues) encountered during
the execution of the program.

Samples for bioavailability (of particulate phospis) will be collected from four of the
tributaries (Salmon Creek, Fall Creek, Six Mile €kgand Cayuga Inlet, sites No. 1-4 Table 22)
and two wastewater treatment plants (WWTP; Ithah@ayuga Heights; effluent point for
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Table 22: Routine tributary sampling locations ay@ga Lake, 2013.

Approximate

UFI
No. Tributary Site Sampling Latitude | Longitude
Code (oN) (ow)
1 | salmon Creek | Saimon Crk.near sCm | 425523| 76.5342
Ludlowville
2 Fall Creek Fall Crk. North Cayuga St FCm 42.4548 5064
3 | Six Mile Creek | Six Mile Crk. S. Titus 6MCm 42.4341  6.3040
4 | Cayuga Inlet Cayuga Inlet @ Inlet Rd. Clm 42.4272 2685
5 | Taughannock | raughannock Crk. @ TCm 425460 |  76.6002
Taugh. Park

SPDES permit). Three samples will be collectednfreach of the four tributaries over the

monitoring interval of 2013, one during dry weathenditions, the other two during runoff event

(intervals of increased stream flow). Three caitets will be made for both these WWTPs,

spread out over the 2013 monitoring interval. &gols for these collections are specified in the
UFI bioavailability bioassay filtering SOP 40Bdpendix 3.

B.1.2.2. upstream event synoptic surveys

YSI hand held measurements of T, SC and Tn wilhaee for what is being called the
upstream event synoptic surveys. Water qualitypsasnwill be also collected. These surveys
will extend from the mouths upstream through mutcthe watersheds of Salmon Creek and Fall
Creek, for two events, to support additional testh the watershed/land use model (Phase 1).
The parameters to be analyzed (total phosphorta, dssolved phosphorus, soluble reactive
phosphorus, total suspended solids, and turbidi#iple 22) are consistent with the state variables
of the watershed/land use model(s) to be implendefRbase 1). Five sites along the lengths of
the two tributaries are being targeted for theswesis (Table 24; Figure 5). The timing of
sampling during the events will target collectidos both the rising and falling limbs of the
hydrographs. A minimum of five samples per site eeent is targeted. The design of this
portion of the tributary program is an outcome ollaborative planning by UFI and NYSDEC
technical staff. One dry weather run will be coctéd for which each of the five sampling sites
will be sampled one time. For watershed modelidBEE need measurements at both the
mouths of several tributaries to assess how aayr@UBEE are simulating phosphorus loads to
the lake. However, CUBEE also need measuremesideirthe tributary watersheds to ensure
that CUBEE is correctly capturing the internal pats of water and phosphorus. It is important
to predict where the phosphorus is originating st CUBEE can be sure that our model is
correctly simulating the processes that contribboitine load at the outlet. For this project
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Table 23: Tributary mouth sampling design for 2@d.3upport watershed/land use models; sample cacntsding to tributary for

the Phase froject.

Tributary
No. | Analyte Fall Creek Cl"; Bllg,?a Salmon Creek Sci; el\gill(e Taughannock Total
FF* | EE | SE" | FF | E FF E | SE” | FF E FF
1 P 15 40 55 15 40 15 40 55 15 40 15 - 345
2 TDP 15 40 55 15 40 15 40 55 15 40 15 - 345
3 SRP 15 - 95 15 - 15 - 55 15 - 15 - 185
4 TIP 7 20 - 7 20 7 20 - 7 20 7 - 115
S NOy 7 20 95 7 20 7 20 95 7 20 7 - 225
6 t-NH3 7 20 95 7 20 7 20 95 7 20 7 - 225
7 DOC 7 20 - 7 20 7 20 -- 7 20 7 - 115
8 UVosy 7 20 - 7 20 7 20 - 7 20 7 -- 115
9 DRSi 7 20 - 7 20 7 20 -- 7 20 7 - 115
10 Tn 15 40 55 15 40 15 40 95 15 40 15 - 345
11 TSS 7 20 95 7 20 7 20 95 7 20 7 - 225
12 | *PAav, | 7 | 20 - 7| 20 7 20 - 7 20 7 - 115
345

* FF - fixed frequency (mouth sampling) number of pls

“E - event (auto samplers at the mouth) numberrmptes

™ SE - synoptic (upstream) event number of samples

** - samples will be archived; selected samples neayib
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Table 24: Specification of sampling locations &) évent based synoptic surveys of two tributaite€ayuga Lake in 2013; Fall

Creek and Salmon Creek.

Approximate

> UFI
IS . _ e .
5 No. Site Description Justification Sacng)%lleng Latitude | Longitude
= (°N) (W)
Fall Creek N. Cayugal near USGS gauge
1 St 04234000 upstream of Ithaca FCm 42.4548 76.500
upstream of Cornell
2 Fall Creek @ Freese northeast of Cornell and downstream off FCul 42.4569 76.4386
Road
Etna, NY
é mid-point of stream
S 3 Fall Creek @ Etna, | at Etna Lane bridge, Etna, locations and FCu2 42 4854 76.3849
= NY NY downstream of
L Dryden STP inputs
Fall Creek @ at Route 38 Bridge near | upstream of
4 Ereeville. NY intersection of Routs 366| Freeville WWTP FCu3 42.5141 76.3470
' and 38 in Freeville, NY | and Dryden STP
upstream location;
, . upstream of severa
5 | FallCreek @ Mclean, bridge at School St.in 1 00 tams: site of | FCua | 425115 |  76.2920
NY McLean, NY
old USGS gage
04233633
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Approximate

P UFI
I . L e . .
5 No. Site Description Justification Segr;%lleng Latitude | Longitude
= (°N) (W)
Salmon Creek near Salmon _Creek near ?etsa;cl;[/l\e/i gta)l'?egnetial
6 . Ludlowville at USGS . SCm 42.5523 76.5342
Ludlowville backwater issue
gauge No. 0423401815
further downstream
Salmon Creek @ Salmon Creek Road downstream of
e 7 | Salmon Creek Road | bridge near East Genoa, | large agricultural SCul 42.6231 76.5382
8 East Genoa, NY NY area
S . downstream of
2 Salmon Creek @ Route 90 Bridge, Genoa :
E ) ’
= 8 Route 90. Genoa, NY| NY large agricultural SCu2 42.6677 76.5381
n area
Salmon Creek @ Tile| Tile Kiln bridge 2.5 km | mid-point of stream
9 | Kiln Road, Venice, south of Venice Corners, surrounded by large  SCu3 42.7140 76.5505
NY NY farms
Salmon Creek@ -
10 | Scipio-Venice Salmpn Creek .at Scipio- upstream location SCu4 42.7548 76.567
: Venice Townline Rd.
Townline Rd.
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CUBEE will use synoptic surveys along the rivertegss in multiple tributary watersheds to
evaluate the models' ability to capture the inteph@sphorus fluxes.

B.2. Sampling Methods

Field sampling methods for the water quality cdi@t portion of the Phase 1 projecse
listed in Table 25. These SOP’s include both laké tributary sampling techniques. The field
SOPs are included in tlgnvironmental Testing Field Methods MangdFI, 2013b). Copies of
these UFI field SOPs are provided heréppendix 1 The exception to this is the field filtering
SOP which can be found in thépstate Freshwater Institute Environmental Testuadporatory
Methods Manua{UFI, 2013c). Itis also provided ippendix 1

Table 25: UFI SOP’s for the field water quality pon of the Phase 1 projecdOP found in

Appendix 1
No. SOP SOP Title
No.
1 300 | Water Sample Collection of a Grab Sample
2 301 | Water Sample Collection with a Bucket
3 303 | Water Sample Collection with a Kemmerers/Van Dorns
4 304 | Water Sample Collection with a Submersible Pump
5 307 | Secchi Disk Measurements
6 315 | YSI Sonde Calibration and Maintenance
7 319 | YSI Profiling using the YSI 650
8 320 | SeaBird
9 323 | Transmissometry
10 342 | Using the Churn Mixer
11 343 | Sigma Auto Samplers
12 114.1 | field filtering

Several types of water collection techniques wellused in the water quality sampling of the
lake and tributaries (Table 25, 1-4). In the lakdepths less than 20 m water quality samples will
be collected with a submersible pump (Table 25,l1#)he depth of the sample is greater than 20
m the lake sample will collected with a Van Dornkemmerer sampler (Table 25, 4). For the
tributary routine and upstream event synoptic sgg\v&mple collection will be either a single
grab sample directly or through the use of a buttkkebllect a single sample from a bridge (Table
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25 1 or 2). Choice of sampling technique will deghen the tributary conditions and accessibility
to the tributary. Event sampling at the mouth v conducted through the use of automatic
samplers.

UFI's field staff are trained in sampling procedur®rior to the start of the field season an
annual review of this training, including field spiing, water collection and rapid profiling
measurements is given to all field staff by theld~i®rogram Supervisor. During these
presentations sample collection and paper work mectation, including field sheets and CoCs,
are reviewed. There are four types of water quéétd sheets listed in Table 26 that will be used
in all lake and tributary water quality monitoriimg Phase 1 of this project. Examples of these
water quality field sheets can be foundppendix 4. There are six types of water quality CoCs
listed in Table 27 that will be used in all lakedanbutary water quality monitoring in Phase 1 of
this project. Examples of these water quality Co&@s be found iM\ppendix 6.

Table 26: UFI list of field sheets to be used ie field water quality portion of the Phase 1
project examples can be found Appendix 4

No. Field Sheet Description

1 lake-wide routine bi-weekly monitoring

2 frequent south monitoring

3 routine mouth tributary monitoring

Table 27: UFI list of chain-of-custodies (CoCsptused in the water quality collection portion
of the Phase 1 projeaxamples can be found Appendix 6

No. Chain-of-Custody (CoCs) Description

lake-wide routine bi-weekly monitoring

frequent south monitoring

routine mouth tributary monitoring

bioavailability bioassays

event based tributary synoptic surveys

| O | W[N] PP

event based mouth monitoring with automatic sarsple

Water quality field sheets will be filled out dugirevery lake and tributary sampling event.
These sheets document date, time of sampling,itosaaind sampling personnel. These contain
an equipment checklist for field staff to ensureegjuipment necessary for sampling is brought
with them. These also contain information on theigaent used for profiling. The sheets also
have a section for sampling staff to note any dmnafrom SOP’s. The field sheet contains a
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section for field signature and date for relinginghof field sheet/samples and a section for
signature and dating by the Field Program Supervidw receives and reviews the field sheets
(Appendix 4. Depending on the type of field sheet, the samgpditaff will fill out different tables.
For example, during routine lake-wide samplinglteation, maximum depth, and time for each
SeaBird profile is recorded as well as a Secchi disasurement. All parameters in the profiles
from the SeaBird will not be recorded on the fisliet since they are recorded to an electronic
data file. For routine tributary monitoring thec&tion, date, time and values of all parameters
measured by the handheld YSI will be recorded enfigld sheet for each site. All equipment
used will be appropriately maintained and caliltatéalibration and maintenance is covered for
each piece of field equipment in its respective $&pendix L

Water quality CoCs will be filled out during evelake and tributary sampling event. These
sheets document date, time of sampling, locatiom$ sampling personnel. They contain
information on the sampling technique, the sampleimeters to be collected at each depth and
site, and what type of container the sample wiltbkected in. Field processing of samples such
as field filtering or preservation are listed oe tthain of custody. The sheets also have a section
for sampling staff to note any deviation from SOPA list of CoCs used in this project for the
UFI field water quality sampling (Table 27) canfband inAppendix 6

Sample collection including sampling technique, haod to fill bottles correctly is covered in
the field SOP Appendix ) for each type sampling technique, and for eadividual parameter,
in the lab SOP for each individual parame#pgendix 9-1L Sample processing, handling and
storage is covered in each individual water qualslyameter SOPAppendix 9-11 The CoCs
also summarize sample collection, processing, vamdind storage in the field\ppendix §.
The UFI CoCs also contain information on bottle e®@nd a space for the unique laboratory
number to be assigned by the Iappendix §. Container types are specified in UFI control
document 12 (UFI, 2013a). The laboratory takessdimple temperature upon arrival and notes
it on the CoCs when receiving the samples to ersamrgles were handled properly prior to their
receipt by the laboratory. Information for collegiand handling water samples is summarized in
Table 28.

Biological field sampling methods for the Phasedjgxt are listed in Table 29. UFI will be
conducting the field sampling of phytoplankton awbplankton following the first and second
SOP listed in Table 29. The CBFS staff will bepassible for the field sampling of the
dreissenid mussels following the third SOP listedable 29. All Biological SOP’s can be found
in Appendix 2and field sheets for biological sampling can benfib in Appendix 5 Example
biological CoCs are listed in Table 30 and exampkas be found irAppendix 7 Biological
sampling methods, handling, preservation, procgssind storage is covered in the three
individual SOP’s Appendix 2 as well as summarized on Table 31.

UFI field staff will collect water samples for bioalability bioassays following the SOP (No.
2 in Table 25; sedppendix L UFI staff will be responsible for processingnhdling and
shipping particulate bioavailability bioassay saesplo laboratory staff at MTUCEE. All SOPs
used in sample handling through analysis are listéhble 32 and can be foundAppendix 3
Bioavailability bioassay CoCs can be foundAippendix 6 Bioavalability sampling methods,
handling, preservation, processing and storagevered in the two individual SOP’&ppendix
3) as well as summarized on Table 33.
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08 1 project. (X indicates sampling, -- no samplingy; E lake, FF = fixed frequency (routine) tributanonitoring at the mouth, SE =
28 synoptic event tributary monitoring upstream, Everd tributary monitoring at mouth with auto sang)e
e g Sampled
w7 i
510 No. Parameter Sample Container Field Handling/ Preservations Methd Laporatgry Laboratory Handllng/Storage,
Py . Holding Times Preservation
w | Lk. Trib.
s
N .
) . - . . reserved with 1ml 11N $$O, so pH
5 1 TP X X Lk., FF, SE . 500 mi glass bottle Lk., FF, SE, E - stored in coolers on ice 28 days P . 180,50 p
3 E - 1 L plastic bottle < 2; refrigerated at <6°C
Lk FE. SE - 250 ml glass bottle Lk., FF, SE - field filter 0.45 pum filter preserved with 1ml 11N }$0, so pH
2 TDP X X E 1 L, lastic bottle 9 (SOP 114.1Appendix J; stored in coolers 28 days < 2; immediately upon receipt at lab
P onice; E - stored in cooler on ice ratory refrigerated at <6°C
Lk., FF, SE - field filter 0.45 pum filter . . .
3 SRP X X Lk., FF, SE - 250 ml glass bottle (SOP 114.1Appendix : stored in coolers 48 hours |mmed|§tely upon rtoecelpt at labora-
o E - 1 L plastic bottle . . . tory refrigerated <6°C
S on ice; E stored in cooler on ice.
=
=1 -
0y 4 TIP X X Lk., FF, SE . 500 mi glass bottle Lk., FF, SE, E - stored in coolers on ice 28 days refrigerated <6°C
el E - 1 L plastic bottle
<
~
S Lk., FF, SE - 125 ml plastic bottl¢
§ : 5 NOyx X X E - 1 L plastic bottle Lk., FF, SE, E - stored irokms on 48 hours refrigerated <6°C
e
5
[0} - I h
- 6 t-NH3 X X :;k TI:_ ;ES“CJ'E;S;' plastic bottlg Lk., FF, SE, E - stored in cooler on ice 7 days refrigerated <6°C
7 TN X -- It;r):[tiedf L plastic bulk chemistry Lk. - stored in coolers on ice 90 days frozen 48 hours
8 TDN X -- Lk. - 125 ml plastic bottle Lk.- stored iralers on ice 90 days frozen 48 hours
Q
. - i . . reserve with BPO, to pH < 2,
§ 9 DOC X X L., FF, SE. 40 miglass vial Lk., FF, SE, E - stored in coolers on ice 28 days P . O, top
= E - 1L plastic bottle refrigerate < 6 °C
z m
o . .
o .- . . .
3 ,8 10 POC X -- It;(l;ttl: L plastic bulk chemistry Lk. - stored in coolers on ice 90 days refrigerate < 6 °C
D @
eE :
n < -
(é' o 11 Chl X -- I(;:;em‘ilslt_rorlzi?tlljee plastic bulk Lk. - stored in coolers on ice 21 days filtered and frozen
zE ”
© »
()] _ .
8 m 12 Chl_sp X -- L. 4 L opaque plastic bulk Lk. - stored in coolers on ice 21 days filtered and frozen
chemistry bottle
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Sampled .
No. Parameter Sample Container Field Handling/ Preservations Methd Lat_)oratc_)ry Laboratory Handllr_lg/Storage,
. Holding Times Preservation
Lk. Trib.
13 DRSi X X L., FF, SE._ 125 mi plastic bottig Lk., FF, SE, E- stored in coolers on ice 28 days refrigerate < 6 °C
E - 1L plastic bottle
Lk., FF, SE - 125 ml plastic bottle . . .
uv e - °
14 254 X X E - 1L plastic botle Lk., FF, SE, E - stored in coolers on ice 48 hours refrigerate < 6 °C
15 Cs60 X - It;l;.tt;: L plastic bulk chemistry Lk. - stored in coolers on ice 48 hours refrigerate < 6 °C
Lk., FF, SE - 4 L plastic bulk
16 Tn X X chemistry bottle Lk., FF, SE, E stored in coolers on ice 48 hours refrigerate < 6 °C
E - 1L plastic bottle
Lk., FF, SE - 4 L plastic bulk
17 TSS X X chemistry bottle; E 1L plastic | Lk., FF, SE, Estored in coolers on ice 7 days refrigerate < 6 °C, filtered
bottle
Lk., FF, SE - 4 L plastic bulk
18 FSS X X | chemistry bottle; E 1L plastic | Lk., FF, SE, Estored in coolers on ice 7 days refrigerate < 6 °C, filtered
bottle
refrigerate < 6 °C
PAV, (b LK. - 4 L plastic bulk chemis- . . filter within 48 hours; filters
19 m (by X X P stored in coolers on ice -- . . .
SAX) try bottle sealed in clean plastic container
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Table 29: List of SOP’s used in the biologicaldisempling portion of the Phase 1 project; SOP
can be found ippendix 2

No. SOP Source SOP Title
1 Cornell University Phytoplankton Sample Collection and Processing
2 Cornell University Zooplankton Sample Collection and Processing

Cornell University Biological| Benthos Sample Collection (Dreissenid Mussel
Field Station Density and Biomass)

Table 30: List of chain-of-custodies to be usethmbiological collection portion of the Phase 1
project examples can be found Appendix 7

No. Chain-of-Custody (CoCs) Description

1 phytoplankton and zooplankton

2 dreissenid mussels
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Table 31: Summary of sample collection, presermatstorage, and holding times for biological sarmpte lake sampling for the Phase 1

project.
No Parameter Collection Sample Field/Handling Preservations Laboratory Handling/Storage,
' Method Container Method Preservation
| Uncounted portion of Lugol's pre-
. preserved 100 ml sample with . .
submersible 100 ml glass ) | served samples will be stored in glass
1 phytoplankton 2 ml Lugol’s solutionstored in .
pump amber bottle , screw-cap bottles in the dark at room
coolers on ice
temperature
metered Pudget Samples archived at room temperar
Sound Closing | 250 ml plastic | 70% ethyl alcoholstored in ture in 70% ethyl alcohol in glass
2 zooplankton _ . .
Net of 50 cm bottle coolers on ice vials with expanded neoprene stop-
diameter pers.
3 samples pooled and diluted
benthic grab 100 ml - 1L with lake water and passed .
. . . . .| mussels manually picked from
3 dreissenid mussels | sample with wide mouth through a 500 pm screen sieve;

Petite Ponar

plastic bottles

placed in sample bottle and
preserved with 95% alcohol

“remaining benthos
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Table 32: List of SOP’s used in the bioavailabilipassay sample handling, processing and
analysis portion of the Phase 1 project; SOP cdouoed inAppendix 3

No. SOP Source SOP Title

1 Upstate Freshwater Institute 405 bioavailabililty bioassay filtering

Michigan Technological

University (MTUCEE) bioavailability bioassay experiments

B.3. Sample Handling and Custody

Sample handling and storage of water quality anbbbical samples in the field from the time
of collection through relinquishing samples to taboratory is covered in the individual field
sampling SOP’sAppendix landAppendix 2 as well as in the individual laboratory parameter
SOP’s Appendix 9-1landAppendix 2. The CoCsAppendix GandAppendix ¥ also summarize
this information. Laboratory handling, storage &ttling times are covered in individual SOP’s
and summarized in Table 28. All information on @ratjuality and biological field handling,
storage, and laboratory sampling, handling, stoeagk holding times are summarized in Table
31. UFI's methods for water quality sample labglitransport, tracking, receipt procedure,
storage and acceptance by laboratory staff areogttred in detail in the Environmental Testing
Laboratory and Field Quality Manual (UFI, 2010). IUfeld staff are trained in field handling
procedures and undergo an annual review of alhe$d¢ procedures (Table 28) as discussed in
Section B.2UFI laboratory staff are trained in laboratoryaical procedures (Table 28) and
undergo an annual review by the Laboratory Director

CoCs will be completely filled out for all water gjity and biological sampling events. These
CoCs are used to establish an intact continuousrdeaf the physical possession, storage and
disposal of collected samples and aliquots. The @dlGws each sample that comes into the
laboratory for analysis. This is necessary tes@nee the traceability of samples and identify
individuals who physically handled individual sampkhrough the life cycle of the sample. CoCs
document sampling date, time, location and samgdargonnel.

UFI's CoCs contain the bottle ID, bottles beinglected, including the type of bottle, and all
analyses to be run on it. There is a commentsoseatid a section for deviation from sampling
protocol, a section for a signature and date fbngaishing of samples to the laboratory and a
section for signature and dating by laboratory mémhns that receive the samples and review the
CoCs for completeness. All samples will be hathdiie the field staff as specified in Table 28.

UFI’s field staff will transport the samples frometfield to the UFI laboratory where they will
relinquish the samples and chains of custody tosiddf. UFI's laboratory technicians have been
trained in procedures for sample receipt or repac(lJF1, 2010). Upon receipt of the samples at
the laboratory, staff will assign unique sample H)&l note any lost or damaged samples. Any
remaining problems encountered with equipment onpdas will be recorded in the data
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Table 33: Summary of sample collection, presermatsborage, and holding times for bioavailabilitpdssay samples for lake sampling for

the Phase 1 project.

Collection Sample Field/Handling Preservations Labora_ltory Laboratory Handling/Storage,
No. Parameter . Holding .
Method Container Method . Preservation
Times
no set holding
bioavailability bioassay ) _ time filter fold filter paper and store in a petri

1 collection at UEI bucket 3-4 20L Jug stored in coolers on ice within days of | dish in a freezer at <-10°C.

collection
filter paper . . o
i ilability bi . . . . no set holding | stored in petri dish in a freezer at <
2 bioavailability bioassay| __ stored in a petri | shipped on ice to MTUCEE g P

at MTUCEE

dish

time

10 °C.
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packet for that analyte by the laboratory staffpogsible for the analysis. Quality assurance
samples such as field blanks will be assigned wnigumbers and handled the same as other
samples for any given analyte. Example copiebfeif CoCs for this project can be found in
Appendix 6 Sample handling and storage for each analyiesiegEach UFI laboratory analyte
SOP @Appendix 9-1) contains details of laboratory sample handlind anlding times for the
sample.

UFI field staff will be responsible for field sanmd of phytoplankton and zooplankton using
the Cornell SOPs (number 1 and 2 TableAipendix 2 Training of UFI in these field sampling
techniques is covered Bection A.Df this QAPP. UFI will be responsible for cregtiand filling
out all water quality sampling CoCs, as well astpplankton and zooplankton CoCs (based on
input from Cornell). The phytoplankton and zoogd@mm CoCs Appendix J will be filled out by
UFI staff and transported along with the sample€donell, where these will be relinquished to
CUEEB lab staff responsible for analyzing theseam These CoCs will be used to identify the
samples, sample date, time and location of cotlactiThey provide a traceability of samples and
identify individuals who physically handled indiudl samples through the life cycle of the
sample. CUEEB lab staff will be responsible foe tlaboratory portion of zooplankton and
phytoplankton analysis. Training of Cornell stiif laboratory phytoplankton and zooplankton
techniques is covered iSection A.50f this QAPP. The CUEEB methods for sampling and
analyzing zooplankton and phytoplankton are disedise Section B.2 Tables 29 - 31. These
steps include zooplankton and phytoplankton ideatiion and enumeration, and archival
storage. CUEEB staff will maintain the CoCs foryfaplankton and zooplankton sampling
throughout the life cycle of the samples in thabdratory.

The CBFS methods for sampling and analyzing deeissmussels are presentedSaction
B.2 Tables 29 - 31. CBFS staff will be responsible ¢oeating and filling out all dreissenid
mussels CoCsAppendix J. These CoCs will be used to identify the samasiple date/time,
location, and bottom depth where collected. Theyiple a traceability of samples and identify
individuals who physically handled individual samplthrough the life cycle of the sample.
These steps include sample collection, preservatransport to CBFS, dreissenid species and
size analysis, and archival storage.

UFI field staff will be responsible for water samptollection for bioavailability bioassays
from the four tributaries and two WWTP dischargé@&éiey will follow steps laid out in the water
collection SOP Appendix 1. UFI will be responsible for creating andifity out CoCs for the
water samples collected, to be used in conductiogvhilability bioassays. UFI field staff will
transport these water samples to UFI where thelyralihquish samples to a UFI staff member
who is responsible for processing, storing and @hgp samples along with their CoCs to
MTUCEE. UFI staff will process the samples as iatkc in the UFI SOP for filtering
bioavailablity bioassaysAppendix 3 Filtered samples will be stored in individu&tp dishes
that are labeled with the a sticker containing Yb&ume filtered, the site name and date the
sample is collected. These petri dishes are seathgaraffin and stored in a cooler with freezer
packs. These coolers will be shipped via an ogétrgourier to MTUCEE along with a chain of
custody. These CoCs will be used to identify the@as, sample date, time and location where
collected. They provide a traceability of samgad identify individuals who physically handled
individual samples through the life cycle of thengde. MTUCEE laboratory staff will be
responsible maintaining these CoCs and carryingn ttheoughout the life cycle of the samples.
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The MTUCEE methods for sample handling and stortmeughout the life cycle of the
bioavailability bioassays are covered in detathi@ bioavailability bioassay SORgpendix 3.

B.4. Analytical Methods

Analytical methods for water quality used in theaBd 1 project are listed in Table 34. All
water quality samples collected in this projectl wé analyzed by UFI. These laboratory SOPs
are all part of theUpstate Freshwater Institute Environmental Testlrgporatory Methods
Manual (UFI, 2013c). Other information on instrumentationethods and reporting units is
covered inUpstate Freshwater Institute Control Document(WEI, 2013a). Table 34 lists all UFI
laboratory SOPs numbers and titles for laboratoeghmds to be used in this project. Copies of
these laboratory SOPs are providedppendix 911. Other UFI staff handle the bioavailability
bioassay samplef\ppendix 3 and PAV,, (by SAX) samplesAppendix 1L These SOPs are

listed on Table 35. These UFI staff are trainedh@ handling of the respective samples and
follow the respective SOPs. Any deviations frons sample handling is noted on the CoCs for
the samples. Laboratory staff from MTUCEE will bained by knowledgeable staff to conduct

all analysis that are a part of the MTUCEE SOPUioavailablity SOPs (Table 35). Copies of

this bioavailability bioassay SOP can be foundAppendix 3 Measured sample constituents

(Table 34) can be used to calculate derived caomestis used in the final analysis in this project.
All derived constituents are listed in Table 3@&rg with the equations used in their calculation
from the measured constituents.

Analytical methods for the biological sampling usedhe Phase 1 project are listed in Table
29. Phytoplankton and zooplankton samples withbalyzed by CUEEB staff. They will follow
their respective SOP’s which are providedAppendix 2 Cornell Biological Field Station staff
will be responsible for analyzing dreissenid musseimples for this project. They will follow
their respective SOP’s which are provided\ppendix 2

B.5. Quality Control

The water quality portion (UFI) of the project’'sajily control methodology is designed to
establish and maintain standards that will ensueevalidity of the data. UFI is responsible for
maintaining internal quality control as part of itheverall quality control system (UFI, 2010).
The overall quality assurance is achieved by thé [dBoratory’s implementation of the data
quality objectives outlined previously in this QAR®ection A.4. This section describes how
specific quality assurance objectives are achieved.

UFI field quality control includes use of field bks and field triplicates (UFI, 2010). Field
blanks test the sample handling process of URd fs&ff. Field triplicates test the ability of the
sampling procedure to be reproducible and theredmeurately reflect the variability of the
system. Field quality controls also include calilra and maintenance of all rapid profiling
instrumentation as well as pre-and post-calibratdrnthe YSI sonde probes. Details on
calibration and maintenance of rapid profiling ragtentation, as well as sonde calibration, are
presented irSection B.70f this document. Their respective SOP’s (Tal8¢ &e provided in
Appendix 1
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Table 34: UFI laboratory SOPs used in the Phasejigt

No. ?\S)P SOP Title Method No. Appendix
1 114 | Laboratory Filtering N/A 11
Phosphorus, Orthophosphate
2 107 | (Soluble Reactive Phosphorus as|FSM 18-21 4500-P E 9
SRP)
Phosphorus, Total, Total Dissolved i i
, 108 (as P: TP, TDP) low range SM 18-21 4500-P E 9
Phosphorus, Total, Total Dissolved i i
108.1 (as P: TP, TDP) high range SM 18-21 4500-P E 9
230 Phosphorus, Total Inorganic (as P;SM 18-21 4500-P E 9
A TIP) low range.
2301 Phosp.horus, Total Inorganic (as P;SM 18-21 4500-P E 9
TIP) high range
Nitrogen, Nitrate + Nitrite, Nitrite
5 106.1 (as N: NQ, NO) USEPA 353.2 Rey, 2.0 9
6 | 105.1 | Nirogen, Total Ammonia (@S Ni | \;cepn 350 1 Rev. 2.0 9
tNH,)
Nitrogen, Total, Total Dissolved (as
7 204 N: TN, TDN) SM 18-20 4500 N C 9
Carbon, Total Organic, Dissolved
8 110 Organic (as C: TOC, DOC) SM 18-21 5310 C (00) 10
Carbon, Total Particulate,
9 214 | Particulate Organic (as C; SM 18-22 5310 C 10
TPC,POC) low range
Chlorophylla, fluorometric USEPA 445.0 Rev. 1.2,
10216 1 cpja_fy 1997 10
11 | 216.1| Chlorophyls, UV/VIS (Chla_sp) fgg'iPA 446.0Rev. 1.2, 10
Silica, Dissolved Reactive, (as .
1111 Si0,: DRSi) low range SM 18-19 4500-Si D. 10
12
Silica, Dissolved Reactive, (as .
111 Sio,; DRSI) high range SM 18-19 4500-Si D. 10
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No. ?\I%P SOP Title Method No. Appendix

13 222 | Turbidity (Tn) SM 18-21 2130 B 11

14 213 Beam Attenuation Coefficient (BAVWet Labs, 2011 Rev. V 11
Or Coe0)
Solids, Total Suspended (AH filters;

15 101 TSS_AH) 'SM 18-21 2540 D 11
Solids, Fixed Suspended, Volatile

16 202 | Suspended (AH filters; FSS_AH, | SM 18-21 2540 E 11
VSS_AH)

17 223 | UVpy EPA/660/R-05/055 11

Table 35: Other SOPs used in the Phase 1 project

No. SN%P SOP Title Method No. Appendix

1 405 t?loayallabmty bioassay DePinto, 1982 3
filtering*
bioavailablity bioassays
including Orthophosphate (as
P; SRB Phosphorus, Total/ . )

2 -- Total Dissolved, (as P; TP, [S)Is/lpir{]st-oz’lliggb-P E 3
TDP), and total suspended
solids (TSS)
* SAXI/IPA; ASPEX,

3 404 PAV,, 5010 11

* part of Upstate Freshwater Institute, Inc. Environmentatdillaneous Methods Manu@JFl,
2013).
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(Table 20) for this project
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No. Parameter Abbreviation utility Calculation
(units)
articulate the sum of organic
P and inorganic _
1 phosphorus PP : , PP=TP -TDP
(LgP/L) particulate P;
H9 important P pool
dissolved
2 organic DOP delayed, algal DOP = TDP - SRP
phosphorus nutrient
(MgP/L)
total organic :
3 phosphorus TOP g‘(‘)g‘l’”am Psub- | top = TP _TIP
(MgP/L)
articulate the organic portion
gr anic of particulate
4 9 PP, phosphorus PP, = TOP -DOP
phosphorus associated
(HgP/L) phytoplankton
the inorganic
. portion of
_partlculgte particulate
5 mr?c:gar?:)crus PR phosphorus PR = PP - PR
? P?L) associated with
HY minerogenic
particles
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Most chemical analyses in this project will be peried by UFI's laboratory which is
certified (NELAC ID 11462) by the New York State pzetment of Health (NYSDOH). A
summary of the types of laboratory quality con{f@IC) samples used by UFI is presented in
Table 37. The QC samples applied to each anadysisontained within the individual method
laboratory SOPAppendix 9-1). Tables 38 and 39 summarize QC conducted for etitte water
quality parameters collected in this project. Tadflesummarizes the statistics tracked for each of
the QC samples. The data obtained from theserQ€zgures are used to

» estimate quality of analytical data

» identify deficiencies

» determine need for corrective actions for deficies
» interpret results after corrective actions weketa

QC sample results that fall within UFI's acceptandeeria limits allow the data to be categorized
as valid or acceptable.

UFI establishes control limits annually as spedifie theEnvironmental Testing Laboratory
and Field Quality Assurance Manu@UFI, 2010). All QC data (Table 38-40) are assesmad
evaluated on an ongoing basis. Individual QC iskied and charted by each analyst. Control
charts are designed to display the mean, the ugpedower warning limits and the upper and
lower control limits. These charts become parthef data packet. The analytical process will be
shut down and trouble shooting performed for angheffollowing reasons.

* a single measurement outside the control limis (may continue but analyst must
flag data appropriately)

» 2-3 measurements between the warning and comntrib |

» 7 consecutive measurements above or below the mean

* 6 consecutive measurements all steadily increasinigcreasing
* 14 consecutive measurements alternating up or down

* an obvious non-random pattern

All data outside the QC limits will be reported withe appropriate flag (UFI, 2010; UFI,
2013c). QC values outside the acceptable limitscarsidered outside of control and require a
corrective action. The cause will be investigated eectified. If a cause is found then a corrective
action is indicated and documented. For exampleegative control such as a method blank
(MB), evaluate possible contamination of a batchirdu the analysis. If the sample is
contaminated (e.g. MB concentration > LOQ) the sewf the contamination will be determined.

A second example is a positive control, such aabarhtory control sample (LCS), which
evaluates the total analytical system. If LCS% vecy is outside established limits the run will
be stopped until the system is brought back intatrob  In addition to these quality control
samples UFI participates in the NYS Department edilth Proficiency Testing program every six
months. Comparison between UFI laboratory and fisddisurements afgo Tn, and Chl will be

made as described in detailSection B.10
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Table 37:

Summary of quality control samples usgtUFI.

th

[92)

No. Name Abbreviation Use How often run
. replicate aliquot of the same sample taken thrabglentire anat every 10 or one per sample bat
1 duplicate DUP _p ! 'qu P grentl . very . P
lytical procedure if under 10.
a standard solution made from a different lot nunfikmm the cal-| every sample batch; follows the
2 reference REF o
ibration standard LCS
initial calibration a mid-range calibration standard; analyzed aftéalnnstrument | _
3 e ICV o first sample run
verification calibration
4 continuing calibra- cev a mid-range calibration standard analyzed peridiglitaroughout | every 10 samples after the ICV
tion verification the run; The CCV should be the same standard wsdbd ICV | and the last sample of the run
a quality system matrix (typically type Il DI watlknown to be L .
laboratory control 4 Y Sy (typ . y y.p e one per batch follows initial calit
5 LCS free of the target analyte, spiked with a knowrifiezt concentra- .
sample ) bration blank (ICB)
tion of analyte
a quality system matrix (typically type Il DI wajerontaining a
. . q ysy (typ . y P ) g every 20 samples or one per
6 matrix spike MS known volume and concentration of the target aralgtided to .
. batch if less then 20
the sample matrix
i i i- . . minimum one per ~250 sample
7 matrix spike dupli MSD same as MS repeated on a replicate sample aliquo . P P
cate directly follows MS
initial calibrati a standard solution (matrix match; typically TypBIl water) that
8 Initia bclzrl]kratlon ICB does not contain the target analyte and is useihital calibra- | immediately follows ICV
tion and zeroing the instruments responds
o . a standard solution (matrix match; typically TypBIl water) that
continuing calibra- . . every 10 or one per run follows
9 tion blank CCB does not contain the target analyte and is usedrtfy blank ccv
responses and freedom from carryover
a type Il DI water sample free of target analyt ttontains all
10 method blank MB reagents and is subject to all laboratory prepamatteps associ-| one per batch where applicable

ated with the sample
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Table 38: Summary of phosphorus and nitrogen Q@/sesand associated limits conducted by UFI.

No. | QCsample |t ip | tpiow | TDP sk | Pl Tiplow | NOy | tNH, TN TDN
abbreviation high
1 IV 85.9 - 87.4 - 87.4- 85.4- 85.0- 92.7- 86.4- 74.2- 86.8- 86.2-
1159 %| 117.4% | 117.4% | 115.4 %| 115.0% | 122.7% | 122.0% | 118.2% | 118.2% | 116.2%
5 ICB <4.9 <3.4 <3.4 <l.4 <4.5 <1.9 | <48ugN/| <43 <343 <321
HgP/L pngP/L ngP/L MgP/L ngP/L ngP/L L MgN/L HgN/L HgN/L
3 LCS 88.5 - 88.1 - 88.1- 87.2- 85.0- 94.3- 87.3- 66.6- 69.3- 78.4-
118.5% | 118.1% | 118.1% | 117.2% | 115.0% | 124.3% | 125.3% | 118.8% | 136.5% | 128.8%
4 REE 87.4 - 88.2 - 8.2- 87.1- 85.0- 93.0- 87.5- 90.5- 80.4- 80.9-
117.4% | 118.2% | 118.2% | 117.1% | 115.0% | 123% | 117.5% | 120.5% | 110.4% | 110.9%
5 MB <4.9 <3.4 <34 <14 | <4.5ugP| <1.9 <48ugN/ <43 B <321
HgP/L ngP/L HgP/L HgP/L /L ngP/L L MgN/L HgN/L
6 DUP 15% 15% 15% 15% 15% 15% 15% 15% 15% 159
7 ccv 85.9 - 87.4 - 87.4- 85.4- 85.0- 92.7- 86.4- 74.2- 86.8- 86.2-
115.9% | 117.4% | 117.4% | 115.4% | 115.0% | 122.7% | 122.0% | 118.2% | 118.2% | 116.2%
8 CCB <4.9 <3.4 <3.4 <1.4 <4.5 <1.9 | <48ugN/| <43 <343 <321
ngP/L ngP/L ngP/L HgP/L ngP/L ngP/L L MgN/L HgN/L HgN/L
9 MS 91. 3- 92.7 - 92.7- 85.4- 85.0- 89.6- 69.9- 69.9- 79- 85.2-
121.3% | 122.7% | 122.7% | 115.4% | 115.0% | 122.0% | 146.7% | 140.1% | 129.4% | 126.6%
10 MSD 15% 15% 15% 15% 15% 15% 15% 15% 15% 159

o
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Table 39: Summary of carbon, chlorophyll, silicagdather parameter QC analyses conducted by UFI.

QC sample POC Chl | Chl_sp . DRSi UV Co60 Tn TSS FSS
NO- | abbreviation | P9C ow | (ugl) | (ugi) | PRSMOW I igh 254 | (1/m) | (NTU) | (mgiL) | (mg/L)
85.2- 83.1- 95- 0 82.9- 82.3-
1 IcV 115.2% | 128.7% | 105% N 85-115% | 113706 | 855 = 107806 T N
5 ICB <1 mgC/| <0.02 <0.3 <0.4 <0.09 <0.31 <0.3 <0.1 <1 3 3
L mgC/L pa/L png/L | mgSiG/L | mgSiG/L ' 1/m NTU o
4'2
83.5- 80.2- o 88.3- 82.1- z
3 LCS 113.5% | 111.4% | ” 85-115% | 11850 ” T 1223% 7 - %
0
QD
84.5- 85.2- 0 82.9- 86.5- =
4 REF 114.5% | 115.2% | N 85-115% | 1299 | M 7 11890 T N 3
: VB <1mgC/| <0.02 | <03 | <0.4 | <0.09 <0.31 ~ j - <25 | <25 | %
L mgC/L | pg/L Hg/l | mgSiO/L | mgSiO,/L mg/L | mg/L | §
6 DUP 15% 15% 15% 15% 15% 15% 159 15% 159 154 1506 =
85.2- 83.1- 95- 0 82.9- 82.3- S
! cev 115.2% | 128.7% | 105% N 85-115% | 113706 | 85 S| = 1o7806 T N
8 CCB <1mgC/| <0.02 <0.3 <0.4 <0.09 <0.31 <0.3 <0.1 <1 B B
L mgC/L pa/L ng/L | mgSIG/L | mgSiO/L ' 1/m NTU
80.4- 0 67.8-
9 MS 117% - - - 70-130% | 135 806 - - - - -
10 MSD 15% - - - 15% 15% - - - -- -
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Table 40: Summary of QC statistics tracked by WibBbratory for various QC samples.

No. athc):reS\?ir:t?(l(re] Statistic Tracked in QC charts
1 ICV percent recovery
2 ICB value
3 LCS percent recovery
4 REF percent recovery
5 MB value
6 DUP relative percent difference (RPD) between 1st ardl 2
samples
7 CCcv percent recovery on each; RPD between sampléCGw
8 CCB value
9 MS percent recovery
10 MSD RPD sample and MS

Quality control methodology of the PAVsamples run by UFI staff include three types;

sampling, sample preparation and analytical. Righlicates are collected to check the sampling
technique (UFI, 2010). Sample preparation is tebiedunning filtering duplicates every 5 to 8
samples. The analytical method is tested with idaf@ analysis being run on every 8 to 10
samples.

Quality control methodology of CUEEB is designedetsure validity of the phytoplankton
and zooplankton population assessments. Key asfoedhe field collection include rejection of
zooplankton hauls where the net was tangled, odeployed and assurance that an accurate site
location and depth are recorded for each sampley d§pects for laboratory analyses include
accurate sub-sampling and taxon identificationr dfbsample sites and dates duplicate samples
will be collected and counted.

The identification and enumeration of phytoplanktara will be undertaken either by an
established expert or by a technician carefullingd by the expert. In the latter case, either the
expert or another independently trained expert iairdton's laboratory will cross check
identifications. When necessary identification biadant taxa will carried out in consultation
with national experts for particular phytoplankgnoups. Five percent of phytoplankton samples
will be independently checked for taxonomic validas will any phytoplankton cells for which
the technician is uncertain of taxonomic identifica when they are present at greater than two
cells in a standard count (i.e., all but very rarea). Counted cells will be identified at least t
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genus whenever possible, though many small diatbaggllates and microflagellates cannot be
identified to genus using standard counting methages, and identification to the genus level is
not informative for establishing the abundance ajanfunctional groups. Counting procedures
will be cross-checked by duplicate counts, andiogpendent calculations of concentrations and
biovolumes for 5% of samples. If enumeration dcwation errors are identified, mistakes will
be traced back through all samples and corred®sgheatability of counts on the same subsample
will be within 5%, or the sample will be recounted.

Quiality control methodology of CBFS is designe@msure validity of the mussel population
assessment. Key aspects for the field collechotude rejection of benthic grab misfires (empty
grabs or those where the jaws are open on retweriadmaterial blockage) and assurance that an
accurate site location and depth are recordeddohn grab. Key aspects for laboratory analysis
include species identification, comparison of mdararad automated shell counts, and length
calibration checks. For 10% of the benthic samphgdicate grabs will be analyzed separately
rather than be pooled to provide a measure ofari@bility.

The identification of the two dreissenid speciestbg trained technician will be double-
checked for 10% of the samples by dreissenid expBm Watkins and/or Kristen Holeck of
CBFS through review of archived mussel samplesianadjes. If more than 5% of mussels are
misidentified the experts will meet with the tedatian to discuss and correct this discrepancy and
all samples will be reanalyzed. Agreement of mamamal automated shell counts and length
measurements will be evaluated for 10% of the sasnwhere both methods will be used. If shell
counts or average length of primary histogram mdpepulations often have age structure) differ
by >10% images will be reanalyzed to evaluate dason for this discrepancy. Potential image
analysis errors include calibration errors, oveslag shells, low contrast with the background in
the photo, and improperly set thresholds for mimmgize. All samples analyzed solely by image
analysis will be reviewed for clear outliers foreilcounts and sizing. If discrepancies between
the two methods cannot be explained all sampldwimanually measured.

UFI field staff will be responsible for collectingater samples for bioavailability bioassays.
UFI quality control methodology in sample collectis the accurate documentation of samples
collection locations, dates, and times. UFI staff be responsible for processing water samples
to be used in running bioavailable bioassays. Water samples will be filtered to separate out
the particulate form of phosphorus from the dissdlform. Bioavailability bioassays will be run
on the particulate form. The sample processinguding filtering, is covered in detail in the
established UFI bioavailability bioassay filteriOP @Appendix 3. UFI quality control
methodology in sample processing includes the unigpe of the filter paper for tears upon
completion of filtering. If there are tears in thiger paper the filtered samples are rejected and
the filtering process is repeated if enough watenge is still available, as detailed in the UFI
bioavailability bioassay filtering SORAppendix 3 The MTUCEE quality control methodology
is designed to ensure validity of the particulategphorus bioavailability estimates. MTUCEE
will follow all steps and quality control procedsreummarized on Table 41 and detailed in the
established MTUCEE bioavailability bioassay SO%endix 3 Table 42 is a summary of
statistics tracked for each of these QC samplesrreCtive action is mandated when these
objectives, as detailed in the SOPs, are not met.
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Table 41: Summary of QC analysis conducted forpiegect by MTUCEE for analysis and
acceptance criterion run on bioavalability bioasday this project.

No. | QCsample | SRP | TDP TP TSS
" | abbreviation | (ugP/L) | (MgP/L) | (MOP/L) (mg/
+10% 0 +5% @
1 Icv @5 | tor@ 00ugp| -
ugp/L | 2 H9 L
<0.5 <0.5 <0.5
2 ICB MOP/L | pgP/L | pgP/L N
<0.5 <0.5 <0.5
3 MB UgP/L LgP/L UgP/L 0.2 mg/L
4 DUP +10% +10% +10% --
+10% . +10%
5 ccv @5 | gl g5 .
ngP/L HY ngP/L
<0.5 <0.5 <0.5
6 ccB HgP/L | upgP/L | upgP/L N

Table 42: Summary of QC statistics tracked by MTWCHEboratory for analysis run on
bioavailability samples.

No. a%gres\?ir:t%i Statistic Tracked in QC charts

1 ICV percent recovery

2 ICB value

3 MB value

4 DUP relative percent difference (RPD) between 1st ardl 2

samples
5 Cccv percent recovery on each; RPD between sampléGin
6 CCB value
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B.6. Instrumentation/Equipment Testing/Inspectionand
Maintenance

For the water quality portion (UFI) of the Phaserbjectfield instrumentation/equipment
testing, inspection and maintenance is handleddividual field SOPs (UFI, 2013b), which are
listed in Table 25. Copies of these field SOPspaowided inAppendix 1Sondes undergo twelve
maintenance steps as part of the maintenance pnogvary time before calibration and use.
These steps include cleaning and inspection gdalis by a UFI staff member trained in proper
calibration technique as covered $ection A.5of this document. Spare parts and probes are
maintained on-site to ensure the ability to properhintain sondes and probes, and allow for as
little downtime of equipment as possible. Maintezearof the supply of spare parts follow
procedures described iBection B.8of this document and in th&nvironmental Testing
Laboratory and Field Quality Assurance ManyalFl, 2010). The maintenance of the SeaBird
profiling instrument is covered in tHgF| Field SOP No. 320: In situ SeaBird Profilingaf
Retrieval and Maintenanc¢eavhich is provided imMppendix 1 The maintenance of the YSI is
covered in detail in th&JFI Field SOP No. 315: YSI Sonde Calibration andimlenance which
is provided inAppendix 1Instrument maintenance log books are kept by Be&hff. These books
contain a complete history of past maintenance tmthne and non-routine. All trucks and boats
are inspected and maintained on a regular basigeasfied in the float plarAppendix 4.

Laboratory technicians that operate the instrumeatgluct routine instrument preventative
maintenance as specified in their SOPs (UFI, 200Bi¢h are listed in Table 34. Copies of these
laboratory SOPs are provided Appendix 9-11 The need for instrument repair is initially
diagnosed by the technician who notifies the LatooyaDirector. All instrument maintenance is
performed in accordance with manufacturer guidslifiereventative maintenance is scheduled
according to manufacturers instructions. Mainterans performed annually or when
performance degrades (e.g. failure to meet quedititrol criteria). Instrument maintenance log
books are maintained by laboratory staff. =~ Thesekb contain a complete history of past
maintenance both routine and non-routine.

The UFI field staff will inspect the zooplanktontrie ensure that it does not have holes or
tears and that it deploys correctly. A back-upwiditbe available from the CUEEB in cases of
equipment failure. In the laboratory, the automatipet will be inspected for accuracy and
calibrated regularly.

The CBFS field crew will inspect the benthic gtabensure that the screens have not been
punctured and that the jaws are completely closiagback-up grab sample will be available in
cases of equipment failure. In the laboratoryghig scales will be inspected for accuracy.

UFI field staff are responsible for inspecting amaintaining all field equipment used to
collect water samples for bioavailability experirteeas documented in the field sampling SOP
(Appendix ). UFI staff responsible for processing, handliagd shipping bioavailability
bioassay samples inspect and clean the filter dn@fere each use. The MTUCEE laboratory
staff uses an analytical balance and spectrophaéwnre the bioavailability bioassay (see SOP
Appendix 3. The analytical balances inspected and maintamedan annual basis by the
manufacturer. MTUCEE laboratory staff inspect @hehn this instrument before each use. If
problems arise the analytical balance is sent & ntfanufacture for repair. The MTUCEE
laboratory staff clean the optics on the spectrogheter with a soft cloth and DI water before
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each use. If problems arise the spectrophotomstesent to the manufacture for repair.
Maintenance logs for both instruments are mainthlmethe MTUCEE laboratory staff.

B.7. Instrument/Equipment and Model Calibration

B.7.1. Instruments and Equipment

Water column profiles of temperature, specific amtdnce, chlorophyll, and turbidity will be
made with a Seabird calibrated according to the ufsanturer’s recommendations. For the
SeaBird profiling instrument used for in-lake moniimg, the calibration of each component is
done annually by each respective manufacture ottimeponent. UFI performs an annual in-
house calibration prior to the start of the fietghson to the beam attenuation coefficient sensor
and the turbidity sensor. Procedures for thisbeation can be found ibFI Field SOP No0.323
In situ Transmissometery Measurements with WetlaBsar and UFI Field SOP No. 320 In Situ
SeaBird Profiling, Data Retrieval, and Maintenanespectively Copies of both SOP’s can be
found inAppendix 1 For the YSI sondes used in tributary monitorithg, calibration procedure
for each probe is describedU| Field SOP No. 315: YSI Sonde Calibration andifenance
which is provided inAppendix 1 All calibration and maintenance activities peni@d on the
sondes are documented in a log book.

Laboratory instruments/equipment that require catibn have the calibration procedures
specified in their method laboratory SOPs listediable 34. Copies of these UFI laboratory SOPs
(UFI, 2013c) are provided iAppendix 9-11 Records of calibration are maintained for each
instrument. Typically analytes have between &ibcation standards. The lowest standard in a
calibration curve must be at or slightly below tt®@Q (Table 4). The highest standard in the
calibration curve must be in the linear responsagea Any samples that fall outside the
calibration range of the instrument have less c#staand need to be flagged (UFI, 2010). QC
samples, LCS and REF (Table 37) are run after éfibration curve and before any samples to
validate the calibration. If a LCS or REF fail than should be stopped. Other QC samples are run
at the start (ICV, ICB; Table 37), during, andla &nd of the run (CCV and CCB; Table 37) to
ensure calibration is maintained throughout theatua batch of samples. Samples that fail these
QC samples need to be appropriately flagged (U&L33; UFI, 2013c). All data results and
copies of reports and certifications of calibratipadjustments, acceptance criteria and due dates
for next calibrations are maintained by the labmmatRecords are also kept by the laboratory for
instrument damage, malfunction, repair and modifice

In the field, the UFI field staff will calibrate ¢hplankton net flow meter by recording flow
meter readings for vertical phytoplankton and zaokton hauls from a series of depths during
conditions of dead calm. Calculated volume samfiglinder of water traversed by the net from
each depth) will then be used to establish thetioglship between meter readings and sample
volume. Automatic pipets are calibrated professilgnat least every two years, and checked
frequently using a graduated cylinder.

In the field, the CBFS field staff will compare thettom sounder depth reading with the line
out at the time the grab hits the lake bottomthinlaboratory, the primary equipment in need of
calibration are weighing scales and the automatedeé analysis software. Scale readings will be
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checked with standard weights. The image analysialibrated with a length scale with mm and
cm markings. The size calibration will be includeihin each image taken of mussel shells.

Calibration is not required for any of the equipmesed by UFI to sample, process and
handle the bioavailability bioassay samples. MTWE&CHaboratory staff calibrate their
spectrophotometer prior to running each batch obsphorus samples. This instrument
calibration is covered in detail the bioavailalilibioassay SOP. Records of calibration are
maintained for each batch run. Quality control godlity assurance criteria for these standard
curves and proper flagging of data that fail to trbese criteria are covered in detail in the
MTUCEE bioavailability bioassay SORgpendix 3. All data results and copies of reports and
certifications of calibrations, adjustments andegtance criteria are maintained in the laboratory.

B.7.2. Analysis and Modeling

Calibration does not apply to the data compilatesk B, data analysis (Task D, sub-task 10)
or the loading analysis (Task C, sub-task 4) andsnimlance analysis (Task E, sub-task 17).
Loading rates of constituents of concern are catedl as products of concentrations and stream
flow, in the case of tributaries, concentrationd discharge flow rates, in the case of discharge
inputs. Stream flow will be measured continuously Salmon Creek, Fall Creek, Six Mile
Creek, and Cayuga Inlet, by the USGS. Discharges aso continuously monitored.
Measurements of constituent concentrations, dseis\orm, will be more limited, depending on
the collection and laboratory analysis of water gl Concentrations often systematically
change during runoff events, a phenomenon thatheiladdressed through increased sampling
during these intervals, as describe@ettion B.1.2.1 Multiple approaches have been developed
to optimize estimates of concentrations duringrirgks without samples to improve loading rate
estimates.

A model is a theoretical construct that assigns emical values to parameters and relates
external inputs or forcing conditions to systemiatale responses (Thomann and Mueller, 1987;
Chapra, 1997). An "off-the-shelf" public domaotdimensional hydrothermal/transport model
(submodel of CE-QUAL-W2; W2 hereafter) has beenselnofor this Cayuga Lake project. This
model specification is supported by a number ofdiac (1) structural features of the model are
consistent with the Cayuga Lake basin (long/retdyivnarrow), (2) the success of an earlier
version of this model (W2) in simulating key phydiéeatures of the lake (LSC EIS; Stearn and
Wheler, 1997), (3) it is the most widely used hydesmal/transport model in the US, (4) UFI has
successfully set-up, tested, and applied W2 farmalrer of NYS lakes (several Finger Lakes) and
New York City water supply reservoirs (Gelda et 4898; Gelda and Effler, 2007a; Gelda and
Effler, 2007b; Gelda et al., 2009; Gelda et ab1®@, (5) NYSDEC and other regulators have
approved related modeling programs that adopted &g, (6) UFI has successfully linked
phosphorus-eutrophication and turbidity (sediment)-models with W2 previously.

W2 is a dynamic, laterally averaged, two-dimensig@eD) model. The model is based on
the finite-difference solution of laterally averalguid motion and mass transport. The basic
equations of the model that describe horizontal emom, hydrostatic pressure, free water
surface elevation, continuity, density dependencimsd constituent transport, have been
presented in journal papers (Chung and Gu, 1998 heat budget of the model represents the
effects of evaporative heat loss, short- and loagevadiation, convection, conduction, and back
radiation (Cole and Wells, 2002). Model inputslime inflows and outflows, metrological
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conditions (air temperature, wind speed and divectiew point temperature and cloud cover or
solar radiation), and the light attenuation coéfit for downwelling irradiance. UFI has been
actively using W2 for multiple systems in New Yosknce the mid-1990s. The model was
developed and maintained by the Army Corp; mainteaaand continuing upgrades have been
turned over to Portland State University. UFI raplemented two upgrades of W2 for NYC
reservoirs, without noteworthy changes in modelfqrerance. Version 3.7 of W2 will be
implemented in this project.

W2 will represent the lake in the form of a gridaals consisting of longitudinal segments
and vertical layers. The geometry of the compaiteti grid is determined by the boundaries of
the longitudinal segments, the depth interval ofival layers and average cross-sectional width.
Segmentation will be implemented according to thielgjines of Cole and Wells (2002) and will
be consistent with the water quality issues andréigeilatory focus on the southern end of the
lake. The hydrothermal/transport model has sixffmdents that may be adjusted in the
calibration process (Table 43); example valuesaftiew York City reservoir are presented on the
table for reference. The values of the coeffigdat longitudinal eddy viscosity, eddy diffusivity
and wind sheltering directly affect simulated hyajreamics that in turn influence the distribution
of heat. The other two coefficients, the fractainincident solar radiation absorbed at the water
surface and the coefficient for bottom heat exckandjrectly influence the heat budget.
Experience with application of W2 to multiple systein this region (Gelda and Effler, 2007a;
Gelda et al., 2009; Gelda et al., 2012) and elsesvimelicate these coefficients generally do not
differ greatly, with the exception of the wind dleeing coefficient that reflects local topography.

Table 43: Two-dimensional hydrothermal/transportdelo(W2/T) coefficients for Schoharie

Reservoir.
Coefficients Values
Longitudinal eddy viscosity 1m/s
Longitudinal eddy diffusivity 10 m/s
Chezy coefficient 70 nP-s
Wind sheltering coefficient 1.0
Fraction of incident solar radiation absorbed aetwlater surface| 0.45
Coefficient of bottom exchange 7.0x108 W-m/nt/s
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Sources of data to specify the necessary inputstatel variables of W2 are listed in Table 44.
Set-up and testing will initially focus on thermstratification data collected at the southern
stations (No.'s 1, 2 and 3) during the LSC momigrprogram. Other data sets will be
considered, as these emerge in review of availdata from all sources. Temperature data
collected in the intensive 2013 monitoring prognaith be a primary target for testing, starting in
late fall of that year. Multiple years of thernsttatification will be addressed in testing this
model. The hydrothermal/transport modeling processists of five stages, model development,
setup, testing, calibration and validation. Thetfstage of model development was completed
previously in other projects (Gelda and Effler, 280Gelda and Effler, 2007b, Gelda et al., 2009;
Gelda et al., 2012). It will not be covered imnstQAPP. The second stage, model setup, will
utilize data from tasks 2 and 3. The third stagedeh testing involves running the model and
comparing the model predictions to system speoligervations (from task 2 and 3).

Table 44: Listing of data type, description andrsewf data to be used in the set-up and testing
of W2 for Cayuga Lake (Phase 1) .

Data Type Data Description Data Source

volume and area of lake at 1m
bathymetric data layers to designate 2-D
segmentation

NYSDEC or Cornell GIS
database

stream flows daily average stream flows U. S. Gaollgurvey

air temperature, dew point
temperature, wind speed, and NOAA National Climatic
incident solar radiation; daily Data Center (NCDC)

average

meteorological data

in-lake temperature profiles for
determining thermocline depth far
volume weighting model results
temperature profiles and observations and for a model LSC monitoring data, UFI
testing data set from a station
representative of the lakes
lacustrine zone

stream temperatures observed stream temperatures UFI

light extinction coefficient at a site
representative of the lakes
lacustrine zone; this coefficient i

light extinction coefficient UFI
calculated from measurements
from the PAR sensor (SeaBird;
Table 5)
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The fourth stage of hydrothermal/transport modeliagmodel calibration. During the
calibration stage, the hydrothermal/transport maodetested by adjusting or tuning model
calibration parameters to achieve a model fit getof field data. The adjustment or tuning is
based on a rational set of theoretically defensialeameters and is not merely a curve fitting
exercise (Thomann and Mueller, 1987; and Chapr&719 Boundary conditions, initial
conditions, forcing conditions and physical systggmameters (e.g., bathymetry) were measured
or determined before the calibration process bemgah are not varied during the calibration
process. The calibration parameters or hydrothétraasport model kinetics are varied within a
reasonable range to obtain the best model fit (€halP97). The fifth stage of hydrothermal/
transport modeling is validation. The hydrothertnafisport model is said to be validated once it
is tested against an additional set of field dataferably under different external conditions
(Thomann and Mueller, 1987). During the validatfmocess the hydrothermal/transport model
calibration parameters or kinetics are not variechfthe original calibration. If the hydrothermal/
transport model fits, using the original calibratiparameters, the model is said to be validated;
otherwise the model may need modest recalibrat@agra, 1997). The modeling process also
typically involves sensitivity tests to determinbet effect of various model inputs and
coefficients. Sensitivity analyses typically giveetmodeler some qualitative insight into model
performance.

Hydrothermal and water quality models are an agpration of natural systems. Since they
are an approximation of reality they can not pregisepresent a natural system. There is also no
single accepted statistic or test that determihasnodel is validated. Model performance will be
evaluated both qualitatively and quantitatively.

Model applications from stages 2-4 include, datseldevelopment, system characterization,
and setup and testing. QA issues are importanugiaut all of these phases but are especially
important to the forth and fifth phases (calibratend validation). The outcome of these phase
establishes how well the model represents the stydyem. One goal of modeling is to
accurately numerically represent the study systerthe model can then be used to effectively
make management decisions.

Performance of the hydrothermal/transport model bal evaluated both qualitatively and
guantitatively. Salient features of the stratifica regime on which model performance will be
evaluated qualitatively will include (Gelda and IEff 2007): (1) the timing of the onset of
stratification in spring and turnover in fall, (@) duration of stratification, (3) the dimensiais
the stratified layers (e.g., epilimnion and hypalion), (4) the temperature of the stratified layers
and (5) overall temperature differences in the watdumn. These features of performance will
be evaluated in various graphical formats. Thenary quantitative basis of evaluating model
performance adopted will be the root mean squae ERMSE) statistic (e.g., Thomann, 1982),
calculated according to

N

2
RMSE = z( T,obs_Ti,prd) /N
i=1
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where N is the number of observationg,pkis the observed value of the ith observation;gfd
and T ,rq is the predicted value of it observation of T.eTRMSE is statistically well behaved and

is an indicator of the average error between olagienvs and predictions. A lower RMSE
indicates a better model fit to observations. Tagdt RMSE for adequate performance in
simulating the spring to fall thermal stratificatidor the lake is 2 °C (includes all dates and
depths; Gelda and Effler, 2007a).

For the watershed modeling CUBEE is adopting attep ensemble approach. Tier one will
allow for computationally efficient estimates abtrtary loads to the entire lake. These loads are
necessary inputs to the phosphorus/eutrophicagike inodel. CUBEE will use an ensemble of
the General Watershed Loading Function (GWLF) aoitl \®ater Assessment Tool (SWAT) for
this task. GWLF has previously been applied tougaylLake and the watershed modeling team
has also had experience using this model in the Mé@rsheds as part of its collaboration with
the New York City (NYC) Department of EnvironmenRuotection (DEP) and NYSDEC. The
model is relatively simple can be calibrated withreatively low level of complexity.
Unfortunately, GWLF lacks some potentially impottgmocesses, primarily in-stream erosion,
which is a considerable source of sediment to @ake.| SWAT has the capacity to simulate in-
stream erosion. The primary short-coming of SWAThat its increased complexity makes it
somewhat more difficult to meaningfully calibrat®y using both models CUBEE will be able to
obtain good estimates of phosphorus and sedimads ltw the lake and meaningful insights to the
sources of these materials. Unlike GWLF, SWAT aisaintains a coarse nutrient budget to
estimate pollutant loads for each land use/so# tygmbination, which will allow us to make long
term simulations as well. Both models discretizeéansheds into sub-basins and simulate storm
runoff and pollutant transport as a function ofdarse, soil type, and soil moisture status. The
output from these models is nutrient, sediment, \@ater fluxes or loads at the mouth of each
tributary.

The tier-two modeling effort will primarily focusnothe tributary watersheds feeding the
southern end of Cayuga Lake, and other sub-wat#sstieat may constitute unusually large
phosphorus and sediment contributions to the lakdike the tier-one models, the models
CUBEE will use in tier-two allow us to simulate hgtbgic and pollutant transport processes at
scales representative of those at which CUBEE mak®agement decisions, e.g., riparian areas,
fields and sub-fields. This level of precision specially useful when developing model scenarios
to investigate the impacts of different managenstrategies (which will be part of Phase 2).
CUBEE will also use an ensemble approach to thetwie modeling effort, employing the
Variable Source Loading Function (VSLF) and SWATA/SVSLF was derived by the CUBEE
group from GWLF, and has been subsequently us¢deoMYC-DEP (Schneiderman et al., 2007;
Easton et al., 2008a). SWAT-VSA was also develdpethe CUBEE group to capture small scale
hydrologic and management patterns while retairnireg other functionalities of SWAT (e.g.,
Easton et al., 2008b). CUBEE has previously agpli€LF to Salmon Creek, so CUBEE has
good confidence that it will work in the Cayuga kakatershed. As with the use of SWAT in tier-
one, SWAT-VSA can simulate in-stream erosion preessand maintain nutrient budgets in the
landscape, which VSLF cannot.

In addition to the meteorological data (Table 4#g watershed models will require the
following input data: digital elevation models (DEMavailable from the USGS), soil data
(USDA SSURGO database), land use/land cover (sesewarces, e.g., Cornell University
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Geospatial Information Repository, CUGIR), and atnechannels (available from the USGS).
Other data sets will be considered if/as they emerg

As with W2, the watershed modeling process incldtkesstages, model development, setup,
testing, calibration, and validation (sometimedethicorroboration). Model development has
been completed previously, SWAT (Arnold et al., 898everal updates), GWLF (Haith and
Shoemaker, 1987; several updates), VSLF (Schneaeghal., 2007), and SWAT-VSA (Easton
et al., 2008a). These will not be covered in QWsPP. The second stage, setup, will utilize some
of the data from Task BSgction A.3.14 see preceding paragraph for data types. Theslnedll
be setup to run for each sub-basin independently.

The third stage, testing, involves running the wsited model for sub-basins with
measurements of discharge, nutrient concentratan$.sediment concentrations and comparing
model results to the measurements. The measuttedwdih be compiled as part of Task B
(Section A.3 ¥ The fourth stage, model calibration, followsettially the same procedure as
described for the hydrothermal/transport model, Wkdel parameters that CUBEE is not able
to determine independently will be adjusted witamacceptable range to achieve the best model
fit. Embedded in the calibration process will EmStivity tests to determine how responsive
model predictions are to small changes in modeampaters. The last step, typically referred to as
validation, tests the model predictions againsepmhdent measurements, i.e., measurements
other than those used to calibrate the model. Wieeyn few data are available, the calibration/
validation procedures are often coupled in a pwasaled "bootstrapping”. This involves
splitting the data set into a random subset thased to calibrate the model and the remainder,
which are used to validate the model. This protesspeated many times with different random
calibration/validation subsets to determine bastferage parameters. CUBEE anticipate using
the tributary data collected in this Phase 1 ptdcfinal validation of the watershed models and
for assessing the confidence in our predictionga@allected on the streams by UFI will be
shared with CUBEE in a timely fashion in the forinX@.S spreadsheet for use with watershed
modeling.

The performance of watershed models is typicallgeased using the Nash-Sutcliffe
efficiency (Nash and Sutcliffe, 1970):

E=| Y (- T -%)
i—0

i—0

Where n is the number of measured valuésisYa measured or observed valug,i&a model
predicted value and ¥ the average of all the measured values. Fiyrdischarge, an E>0.65 is
considered very good and 0.65>E>0.50 is considsagidfactory to very good (Moriasi et al.,
2007). Because discharge is a large factor irrehaténg sediment and phosphorus loads, similar
but somewhat lower E values would likely applytiege predictions.

For sub-basins without measurements, CUBEE willyaige parameters from the calibrated
basin(s) that is most similar in topography, lasd,uand soils. Then all sub-basins can be run to
estimate daily fluxes of water, nutrients, and seits to the lake from each tributary.
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Once the watershed models are fully calibratedtastd, they will be used to both forecast
and hind-cast changes in water quality relativeuiwent conditions. Forecasting simulations will
consider both large-scale and small-scale chamgé®twatershed. Large-scale changes include
projected changes in precipitation, temperaturel arajor land uses. Small-scale changes
include establishment of best management practihb, structural (e.g., riparian buffers) and
behavioral (e.g., timing and location of animal teadisposal). GWLF and SWAT will be only be
used to examine water quality responses to larglesthanges because they do not consider the
landscape at small enough units to meaningfullyesgnt small-scale changes. For these the
CUBEE will use VSLF and SWAT-VSA. Structural BMBee incorporated into these models by
changing the physical base-maps and behavioral BM@&sepresented by changes to the input
files that describe day-to-day inputs to the wditeds(see Easton et al. 2008a). Both VSLF and
SWAT-VSA are flexible enough to represent most ¢asted scenarios. Hind-casting will be
done to estimate water quality under "pristinepm-development conditions. The CUBEE will
use historical documents from the Cornell Librahg History Center in Tompkins County, and
similar sources of archived historical material a@pproximate landscape conditions prior to
European settlement of the watershed, e.g., fradfdforest vs. open-space, location of major
wetlands. All changes to the landscape will bé/frtationalized and the sources of information
used to justify these changes will be documentBdcumentation will be detailed enough for
others to replicate our pre-settlement watershathere will invariably be a high degree of
uncertainty in re-establishing this pre-developmantscape and precise locations of specific
features is unlikely. Therefore CUBEE will use G®Wand SWAT to establish these hind-casted
or baseline water quality conditions.

B.8. Inspection/Acceptance Requirements for Sup@s and
Consumables

UFI has a purchasing officer who maintains a logkbof all laboratory equipment and
supplies and a list of current venders. Prior ®oabceptance of any supplies and consumables for
the laboratory or field, the items will be inspatfer breakage or discrepancies with packaging
lists. These are noted in the log and all packagings given to the purchasing officer. This
process is outlined in detail in tB®vironmental Testing Laboratory and Field Qualitysurance
Manual (UFI, 2010).

CUEEB laboratory supplies are ordered and ordexschecked by the same person - the
Research Support Specialist in the CUEEB laboratoRecords of all supplies ordered are
maintained by the Cornell University purchasinggmean through which they are ordered and
verified by CUEEB accounting staff. Prior to theaptance of any supplies and consumables for
the laboratory or field, the items will be inspatfer breakage or discrepancies with packaging
lists.

CBFS staff will inspect delivered supplies and eonables for breakage or discrepancies
with packaging lists prior to acceptance. All pag& slips are collected and archived by the
laboratory manager of CBFS.

As stated above the UFI purchasing officer willrbsponsible for ordering any supplies and
consumables needed for the field, processing aipgisly of bioavailability bioassays samples.
Prior to the acceptance of any supplies and consiesghe items will be inspected for breakage

CayugaLk _QAPP_r0_11-2012.fm Page 99 of 491 NELACatatory ID 11462
Effective Date 3/15/13 Control Copy on lvory Paper cDment No. 26 Revision No. 0.0



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

or discrepancies with packaging lists. These atechim the log and all packaging slips given to
the purchasing officer. This process is outlinedetail in theé’'Environmental Testing Laboratory
and Field Quality Assurance Manua{UFI, 2010). All supplies and consumables fordiating

the bioavailablity bioassay experiments will beeyedtl by the MTUCEE project team. MTUCEE
laboratory staff will inspect delivered suppliesdatonsumables for breakage or discrepancies
with packaging lists prior to acceptance. All pag& slips are collected and archived by the
project leader of MTUCEE.

B.9. Non-direct Measurements

The Phase 1 project will use compiled system-sjgeddta sets related to this issue. The
goals are to acquire valuable related insights ftieenearlier work and to develop data sets that
can be used to support calibration and validatiothe hydrothermal/transport model (W2) and
the watershed model in this project (Phase 1), \&ldliation testing of the future (Phase 2)
phosphorus/eutrophication model. The monitoringgpam documented in this Phase 1 QAPP
will support calibration of the phosphorus/eutragatiion model. Validation of that model will
rely on already existing data sets for the systéih.appropriate data sets for the system will be
pursued. Particular emphasis will be placed orfdhewing types of information.

o USGS flows for tributaries,
* meteorological data,

» discharge information for point sources, includinfjow and constituent
concentrations,

* lake intake information for related constituents,

» historical limnological information-particularly, Bhytoplankton and clarity,
* historic tributary information-particularly for #d suspended solids,

 food web studies on the lake over the last 20 sydghat could influence the
phosphorus/eutrophication issue,

» all related technical reports and papers.
* bathymetric data
This will involve a comprehensive search. The eixtd potentially valuable data sources is
not known at this time. Potential data sourcebiohe:
» earlier studies by UFI.
* NYSDEC monitoring data.
» Cornell University - LSC-based lake monitoringalat
» Cornell University-research studies on lake/tréigs.
» other local academic institutions - research stidi
* monitoring data by discharging facilities.
* intake monitoring by water supplies and other siser
* United States Geological Survey (USGS).
* National Oceanic & Atmosphere Administration (NOAA
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* National Climatic Data Center (NCDC).
» Community Science Institute (CSI)
* Ithaca Area Waste Water Treatment Plant (IAWWTP)

A table of compiled data sets and their potentidgityiwill be maintained through the project.
Data files will be transferred to all appropriatatiees. In addition, Figure 9 is a conceptual
diagram of how data will flow from data sourcesluning community stakeholders to a publicly
accessible web site maintained by Cornell. The TangpCounty Water Resources Council has
convened a subcommittee, the “Cayuga Lake MonioRartnership” (CMP; Figure 9), that has
been active for several years on water qualityesselated to Cayuga Lake and the watershed.
This partnership, chaired by Roxanna Johnston efGity of Ithaca, has offered to support the
project by identifying and compiling existing dasets of potential utility. The website
maintained by the Cornell project management teBigufe 2) possible at the Cayuga Lake
Modeling Project (CLMP) website (http://energyargtainability.fs.cornell.edu/util/clmp/). It
will be well organized and contain meta data (seamleAppendix 3 on all data sources as well
to links to active data sets. This website willdoeessed by scientists on the project when needed
for appropriate modeling or data analysis efforts.

UFI's procedures/criteria for determining the ukgbof secondary (non-direct) data are
described here. The intent is to utilize data obdld as part of local research and monitoring
efforts to the greatest extent possible. The USER# developed guidelines (USEPA, 2000;
USEPA, 2002d; USEPA, 2006b) for screening datadeieloped by others for use in modeling
projects. UFI will use these guidelines as an irtgarstarting point for their review. All data that
were collected under approved QAPPs have an imuastarting advantage. Data not collected
under approved QAPPs will receive even greatettisgruAll laboratory analyses from ELAP or
NELAC certified laboratories will also have an adiage. However, the lack of such
certification will not itself be a basis for rejemt. UFI has extensive experience in review of
secondary data for potential use in limnologicalgsis and modeling for Onondaga Lake and
the New York City watershed. The data will be eswed and analyzed by UFI professional staff
experienced in both limnology and modeling. Caesisy with limnological paradigms and
other system-specific data sets that address the &apic is a critical feature of the UFI review.
This will be evaluated for all data sets, includittgpse for which QAPPs were prepared.
Analyses typically include graphing to evaluatesseal, historic and vertical consistencies.
Methods/protocols for all collected data will betically reviewed. Reviews will be conducted
above and beyond the formal QA/QC procedures aatbqwls of the source agency. All data
that passes the UFI review and is identified forther use (e.g., support for validation of
phosphorus/eutrophication model of Phase 2), velbddressed by the combined "UFI-Cornell
University scientific staff - NYSDEC technical stafiroup for its general acceptability for future
use. An associated agenda item will be includethenfour planned technical meetings. As
required by the USEPA (USEPA, 2002c), a relatedlaiser will be added to the deliverables;
"the quality of the secondary data has not beetluated by USEPA for this specific application”.

The CUBEE will use the same procedures and suldsgata compiled as part of Task B
(Section A.3.2 with emphasis on the tributaries and watershedracteristics relative to
watershed modeling. As noted 8ection B.7.2 additional data will include: digital elevation
models (DEM) (available from the USGS), soil da#&DA SSURGO database), land use/land

CayugaLk _QAPP_r0_11-2012.fm Page 101 of 491 NELAGaratory ID 11462
Effective Date 3/15/13 Control Copy on lvory Paper cDment No. 26 Revision No. 0.0



UPSTATE FRESHWATER INSTITUTE QUALITY ASSURANCE PROJ ECT PLAN

224 Midler Park Drive, Syracuse, NY 13206

Publicly accessible water quality data
examples include:
CSI — volunteer stream monitoring
City of Ithaca
Tompkins County Water Resources Council
Fall Creek monitoring data
LCS monitoring 1999 -2011
historic Cornell studies
Hobart William Smith College
Finger Lakes Institute
Wells College
other datasets

Cayuga Lake Monitoring Partnership (CMP)

Cornell-hosted publicly-accessible data
repository to include:

available metadata

links to active data sets

Acceptable data fed into appropriate
modeling effort:
Cornell University watershed modeling
Cornell University Biological Monitoring
UFI monitoring modeling

Figure 9 . Flow diagram to showing the potentidhpays for compiling secondary data.
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cover (several sources, e.g., Cornell Universitpgpatial Information Repository, CUGIR), and
stream channels (available from the USGS). If neyreviously unknown data are discovered
during this project, metadata will be developed éaich set fully describing the data. For
geospatial data The CUBEE will adopt the stand&f 19115-2 format for metadata. For water
quality, weather, or discharge data, CUBEE will titeegeneric metadata form the CUBEE group
has developed (se&ppendix § A table of compiled data sets and their potnitility will be
maintained through the project. Data files willtbensferred to all appropriate entities.

B.10. Data Management

The procedures for managing UFI field and labosattata are documented in detail in the
Environmental Testing Laboratory and Field Qualfkgsurance ManualUFI, 2010). All data
generated by the laboratory and field program tmed in hard copy and electronically in secure
locations. Electronic data are stored on a servén vestricted access through a local area
network (LAN). Access to the server is passwordquted. This server is backed up routinely.
Backups can not be edited or deleted except byTiuatabase manager. All data stored in the
laboratory database are secured from unauthorzssba. UF| accesses this data through use of a
proprietary database interface (DataBoy).

All data collected by the UFI field staff are eitheand written or electronic. UFI field staff
upload all electronic data from field computersdata loggers to a designated location on a
secure server. Handwritten UFI field data are edtemsing a predetermined format into a
commercial spreadsheet. The format is in a “datalsage” that documents the system, station,
sampling date and time. For this project the smleets will contain T (°C), SC (uS/cm), Chl
(ug/L), Tn (NTU) and SD (m). Entry of data inteese sheets and uploaded electronic data are
overseen by the UFI field program supervisor. Adtadare reviewed by the UFI field program
supervisor or other qualified UFI staff.

UFI’s laboratory uses DataBoy for entering, tragkistoring, retrieving and reporting all data
collected or analyzed by UFI's laboratory (UFI, BDPlas well as laboratory quality control
information for each analyte. Analytes being erdento the database are logged in from the CoC
by trained laboratory technicians whose primanpoesibility involves database activities. All
data analyzed by the laboratory are entered irdotreinic data packets which are commercial
spreadsheets. Each analyte has its own UFI temftiateis filled in by typing or cutting and
pasting from an instruments electronic output. €ha#ata packets are committed to the database
by the primary laboratory technician for any givemalyte. These data are accessible by other
trained UFI staff for use, but are write protecsedusers may not change numbers.

Task B of this project is to compile data sets thlatady exist for bathymetry and water
guality on these systems. All data obtained thaedectronic will be converted to a database style
format in a commercial spreadsheet with systentipstadate, time and any data that exist along
with the source of the data. Hard copy data will dsgered in this same format style in a
commercial spreadsheet. Data for this project,tiier most part, exist in electronic format as
commercial spreadsheet files in space or tab-dedldrASCI file format. All profiling and hand
held data collected in this project will be repdrten the units specified on Tables 5-6
Measurements of SD will be reported in meters. lafitude and longitude measurements of
sampling sites (Table 9, 21, 22, and 24) will bgoréed in decimal degrees. Laboratory water

CayugaLk _QAPP_r0_11-2012.fm Page 103 of 491 NELAGaratory ID 11462
Effective Date 3/15/13 Control Copy on lvory Paper cDment No. 26 Revision No. 0.0



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

quality parameters will be reported in the uniteafied in Tables 4, 20, and 34. All biological

parameters will be reported in commonly used undisy data obtained in hardcopy form will be
entered into a spreadsheet and screened againkattiecopy by reviewing the printouts and
comparing them to the original paper documents.dath obtained for this project including all

data used in the hydrothermal/transport modelinityv& compiled and placed in a centralized
location, organized by data source. Records of bapy data will be maintained by UFI staff.

Electronic data will be stored on a secured seageessible to UFI staff only. Electronic backups
of the data will be maintained and will be writeofacted. The data will be formatted into the
appropriate input files for analysis and modelifige original data, as well as the input files and
QA/QC graphs, will be maintained by UFI in hardcaoyd electronic format to document the
data management process. All data will be mainthfoe at least 5 years beyond completion of
the project.

All handwritten field sheets from UFI field staffilwbe transferred to electronic spreadsheets
and archived. In the CUEEB laboratory, speciestifieations, phytoplankton and zooplankton
counts, and sizes will be handwritten and thensfieaned to an electronic spreadsheet. Quality
checks will be done continually to ensure that daithin handwritten field/lab sheets and
electronic spreadsheets are consistent.

All handwritten field sheets from CBFS field stafiill be transferred to electronic
spreadsheets and archived. In the laboratory,espédentifications, manual shell counts, and
total wet weight will be handwritten and then tri@nsed to an electronic spreadsheet. Images and
automated shell counts and sizes will be storedtreleically. Quality checks will be done
continually to ensure that data within handwritiietd/lab sheets and electronic spreadsheets are
consistent.

Packaging slips and CoCs will be maintained by Sftalf responsible for processing and
shipping samples to MTUCEE. MTUCEE laboratoryfstall transfer all handwritten CoCs and
handwritten laboratory data sheets, and instrurpantouts to an electronic database. Quality
checks will be done continually to ensure that daithin handwritten field/lab sheets and
electronic spreadsheets are consistent.

The CUBEE team will compile data from Tasks B andidl from measurements made by
UFI. All data will be stored in a "database" uscwgmmercial software; a geo-database will be
used to store all geospatial data and the locatbadl point measurements. Electronic data will
be copied and pasted into the database and haydded@ will be entered manually in this same
format style as the electronic data. Once in thaldese, hardcopy data will be screened against
the original hard copy. All data obtained for thieject will be placed in a centralized location i
the CUBEE lab on a dedicated hard disk. An astetimetadata file will be developed as the
database is populated. Electronic backups of tha dd@l be maintained and will be write-
protected. The data will be formatted into the appiate input files for modeling. CUBEE
anticipate maintaining the database with the exbect that it will eventually be publicly
available pending approval from the project team.
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C. Assessment and Oversight

C.1. Assessment and Response Actions

Assessment and oversight of UFI field and laboyatstaff are covered in detail in the
Environmental Testing Laboratory and Field Qualitgsurance ManugUFI, 2010). In addition
to training of field and laboratory stafféction A.5of this QAPP), both groups undergo annual
internal reviews and third party external reviewthg NYSDOH. These reviews focus on the
overall implementation of UFI's quality system tasere proper sample collection, handling,
tracking, analysis and reporting. Also as partt®foverall quality system UFI tracks deviations
from established protocols. In the field this isithi@d on field sheets and CoCs. In the laboratory
this is handled within data packets and correcston forms for the individual analytes. Errors
that result in the field and laboratory typicallycor because of analytical or equipment problems
or problems resulting from deviation from procedui®@ata that falls outside of control limits (see
Section B.%of this QAPP) are flagged and documented throughaismemos and corrective
actions (UFI, 2010).

A field audit will be conducted by the UFI Fielddgram Supervisor once during the mid-
summer of the field season. An example field aiadin is presented iAppendix 8 The internal
laboratory audit will be conducted in early Novemt#913 with audit results available 10 days
after the audit and audit responses due 30 dagsthfit. The laboratory audit follows the NYS
ELAP standards and uses a standardized checiNMSSDEC has the authority to audit any part
of this project, at any time during the coursehié project, for any reasons they deem necessary.

UFI's corrective action process has four stepa:drpcedure for determining the root cause of
the problem, 2) selection and implementation ofappropriate corrective action, 3) monitoring
of the corrective action, and 4) additional folleyp-actions or audits.

UFI field staff notify the UFI Field Program Sup&or of any problems encountered in the
field. A field correction action form is filled ou An example is provided iAppendix 8 The
UFI Field Program Supervisor follows the four stdisted above to complete the corrective
action process for the field.

For UFI's laboratory either the analyst or laborgtalirector may be responsible for
identifying a potential problem or issue. The latory director is responsible for determining
the course of action to be taken and the time freonéhe corrective action process based on the
nature and severity of the problem. The laboratbrgctor will work in conjunction with the
analyst to ensure the corrective action plan i9@ny executed. The laboratory director will
determine when the problem has been resolved amghsrized to close out the investigation.

Once a (potential) problem has been identified attlyst and laboratory director meet and a
corrective action (CA) process will be initiate@ihe CA process is based on a root cause analyses
of the problem, including a review of all recordglaactions related to the problem, a review of
the method with the technician, and a discussidfining any areas of uncertainty or possible
excursions. A remedial plan will then be laid odihis process typically takes anywhere from 1
to 5 days to accomplish depending on the natutkeoproblem. Follow-up should occur 30 - 45
days after the remedial plan has been implementedd if the CA was successful. The CA will
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be considered resolved if the process implementesi successful; otherwise, a new corrective
action will be implemented.

Model performance assessments will be made fretyueynthe UFI modeling staff during the
testing phase for the hydrothermal/transport moBel.formance audits will consist of comparing
the model output to observed data collected orrdbpective systems. The individual modeling
team members will review model performance to ensglie model behavior of the state variable
makes sense and is consistent with historic datatemodelers understanding of the system and
experience with this particular model. This hyteytmal model will be linked to a water quality
model in Phase 2 of the Cayuga Lake project. Dutieg”hase 1 modeling process of comparing
data to model outputs the modeling code will bengrad to determine if discrepancies in
parameter predictions and observations are a resuttodeling errors. If any code errors are
found, these errors will be fixed, documented dmel overall effect of the errors on model
calibration/validation will be documented.

Testing of the hydrothermal/transport models iseted inSection B.7 This section covers
QA/QC of the testing process. One primary pointamncern in modeling is QA/QC of model
inputs. Data files for task 6 will be generatedrirthe data source files into the proper file format
required for the individual model’s inputs. QA/QCtbese data will take three main forms. The
model input data will be graphed and inspectedaligiy the modeling staff. These graphs will
be compared with input data from historic data fréask 3 to determine if they fall in expected
ranges. Any anomalies will be checked against wmaigsource data. Data format will be QA/
QC’ed by running it in the model. Typically formaitoblems show up during the original model
run because the model either will not run or thelehouns and gives obviously erroneous results.
The final QA/QC of input data are the model outpegults themselves. Errors in input results
typically lead to model parameters behaving in § wat expected based on experience with the
model. The hydrothermal/transport model input filestup programs and code will be tracked
with a software configuration management (SCM).todhis software is discussed in more detail
later in this section.

Sensitivity analyses are model runs conducted watifficient ranges that differ from the
calibration values, often with limits that are beland above the calibration values by a certain
percentage. Such analyses are routinely includeanioverall 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.

No code enhancements are anticipated for task B3)Y.7The 2-D hydrothermal/transport
model has already been calibrated and validatedtfar systems (Gelda et al., 1998; Gelda and
Effler, 2007a; Gelda et al., 2009; Gelda et al.120 UFI developed software is logged and
tracked with a software configuration manageme@Ms$ tool, using the Subversion Version
Control System. This tool tracks changes madé&eochiydrothermal/transport model over time.
Additionally the SCM tool allows multiple develogeio work together on common source code,
tracking individual developer’s changes and merdimgse changes into a single source. The
SCM tool provides the modelers with a documentestbhy of the hydrothermal/transport model
changes. Any errors that may be found, and codeldpment and enhancements made to the
code, will be documented in the final report. Afidnothermal/transport model coding is done in
Fortran.
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Prior to release, the hydrothermal/transport medilbe assigned a version number. At the
time of submission all bug-fixes and model enharer@are documented in the final report. The
submission letter will clearly state the versiorminers for each piece of software. In the event
that changes are required or bugs are found dfterstbmission, UFI protocol is to make all
fixes/changes and re-submit the software with thpr@priate version number changes. Any
changes between the original submission and tipislsmental submission will be documented in
a memo to the project managers.

The software and hardware requirements for thet«dothermal/transport model (task E; 9-
17) are as follows:

Computer Hardware:

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

Software:
» Windows Version Windows 9x, 2000, XP, Vista, Wimg7 operating system

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

UFI and CUEEB record deviations from the outlinegdPS on field sheets, laboratory data
sheets, and chain of custody forms. These shadtfoams will be checked continually by the
project leader at CUEEB to identify potential issueErrors can occur because of equipment
failures or deviations from protocols. Once ameis identified these data will be flagged. Some
laboratory errors (phytoplankton and zooplanktonunts, size measurements, species
identifications) can be corrected by returningrichaved samples and repeating the analyses.

CBFS tracks deviations from the outlined SOPs wifield sheets, laboratory data packets,
and CoC forms. These forms will be checked comlfiguby the project leader at CBFS to
identify potential issues. Errors can occur beeaofs equipment failures or deviations from
protocols. Once an error is identified these ealidbe flagged. Some laboratory (shell count or
size measurement) errors can be corrected by nmeguta archived samples and repeating the
analyses.

UFI staff will track all deviations from protocoler sampling and handling of bioavailability
samples outlined in the field sampling SO®Rppendix )1 and bioavailability bioassay SOP
(Appendix 3. MTUCEE laboratory staff will track deviationsofm the protocol outlined in the
bioavailability bioassay SOP. These forms willdiecked continually by the project leader at
MTUCEE to identify potential issues. Correctiveai@as will be identified and implemented as
required. Errors can occur because of equipmdntda or deviations from protocols. Once an
error is identified these data will be flagged. mpée analysis will be repeated when archive
samples exist.

Watershed model performance assessments will bee nmi@djuently by the watershed
modeling staff during the testing, calibration, aradidation phases for the watershed models.
Performance audits will consist of comparing thedeimutput to observed data collected on the
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respective systems. The individual modeling teanmbers will review model performance to
ensure the model behavior of the state variablesomsistent with our understanding of the
physical system, with historic data and the modeéxperience with the particular models. The
watershed models will be linked to a water quatitydel in Phase 2 of the Cayuga Lake project.
If any code errors are found during the watershedieting in Phase 1 process of comparing
measured data to model outputs, these errors &iiided, documented, and the overall effect of
the errors on model calibration/validation will decumented. Testing of the watershed models is
covered inSection B.7.2This section covers QA/QC of the testing proc€ss primary point of
concern in modeling is QA/QC of model inputs. Délies for Phase 1 Task C will be generated
from the data source files into the proper filenfat required for the individual model's inputs.
QA/QC of these data will take three main forms: {1¢ model input data will be inspected
visually by the modeling staff and (2) comparedwitput data from historic data from Phase 1
task B to determine if they fall in expected range&y also the modeling staff will evaluate
whether obvious model output errors are directikdid to problems with the input data. Format
problems are of little concern because they typicakult in either the models unable to run and/
or the models generate obviously erroneous resAliserrors will be documented electronically
including, modeler(s) involved, relevant date(®sctiption of the problem, and description of
the solution.

Sensitivity analyses are watershed model runs adaduwith coefficient ranges that differ
from the calibration values, often with limits theae below and above the calibration values by a
certain percentage. Such analyses are routineljpyded in an overall modeling analysis.
Sensitivity analyses yield insights into model beabaand are used to assess the reliability of
model predictions relative to acknowledged or iretefently quantified uncertainty in model
inputs and measured parameters. No code enhantseareranticipated for watershed modeling
in Phase 1 Task | because the proposed models e extensively used and modified
previously by the watershed modeling team. Shonidm@eviously undetected errors need to be
corrected or code-modifications deemed necessdmg, iformation will be thoroughly
documented and included in an appendix to the figpbrt and documented in a memo to the
project managers.

As with the hydrothermal/transport modeling, theBEE team will use a Subversion system
to track and document changes made to the modeidiowe and store this information in a single
source for each model. Any errors that may be doand code development and enhancements
made to the code, will be documented in the fieplort. SWAT, SWAT-VSA, and GWLF are
coded in Fortran and the original version of VSkEFcoded in Vensim but is currently being re-
coded in R.

Prior to release, all models will be assigned aieer number, which will be clearly noted
where in the submission materials. All bug-fixesl amodel enhancements will be documented in
the final report. In the event that changes ampiired or bugs are found after submission,
CUBEE will make the necessary modifications andubmit the software with the appropriate
version number changes. Any changes between tgealrisubmission and this supplemental
submission will be documented in a memo to thegatapanagers.

Because the watershed modeling requires substaggiaspatial data manipulation, the
recommended software and hardware requirementbidavatershed modeling (task I) are those
consistent with ESRI ArcGIS Desktop 10, which aréyfdescribed at the product website: http:/

CayugaLk _QAPP_r0_11-2012.fm Page 108 of 491 NELAGaratory ID 11462
Effective Date 3/15/13 Control Copy on lvory Paper cDment No. 26 Revision No. 0.0



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

/resources.arcgis.com/content/arcgisdesktop/1@gisadesktop-system-
requirements#ArcGISDesktop-HardwareRequirements

C.2. Reports to Management

A data report will be generated for all field amdbdratory data collected during this project.
These data will be reported following the guidedin@id out in theEnvironmental Testing
Laboratory and Field Quality Assurance ManyblFl, 2010). Data reports will contain a cover
sheet, sample results and additional informatidaited to the sample results such as QC flags,
LOQs, and LODs.

There will be four progress meetings between CHri¥SDEC, and UFI. A single final
technical report will be submitted at the end of throject. It will summarize data analyses,
loading analysis, bioavailability study findings,ass balance findings, related biological
community information, and hydrothermal/transpartl avatershed modeling performed during
the entire Phase 1 project, identify major findinged give recommendations on phosphorus/
eutrophication model structure for Phase 2. Thentepill be maintained and stored on a secure
server for at least five years beyond completiothef project in accordance with UFI's overall
quality system (UFI, 2010). Any major deviationrfrahis QAPP will be documented in the final
report.

The CUEEB project leader will generate timely d&aorts of field and laboratory operations
from this project that include sample site locat@m phytoplankton and zooplankton population
data. This report includes a cover sheet, sanggiglts, and additional information such as QA/
QC results. Through coordination with the otheyugps this material will be incorporated in the
final group project report. All reports generablsdCUEEB will be archived for at least five years
beyond completion of the project on a secure saw@ornell University.

The CBFS project leader will generate timely dafaorts of field and laboratory operations
from this project that include sample site locatmmd mussel population data. This report
includes a cover sheet, sample results, and additimformation such as QA/QC results.
Through coordination with the other groups via tfmur progress meetings and other
communication CBFS will provide this material toibeorporated within the final group project
report. All reports generated by CBFS will be areld for at least five years beyond completion
of the project on a secure server at Cornell Usiter

The MTUCEE project leader will generate a timelyadigeport of laboratory operations from
this project that include sample site locationedatd times and the fraction of phosphorus that is
bioavailable. This report includes a cover sheatple results, and additional information such
as QA/QC results. Through coordination with theeotgroups via the four progress meetings and
other communications MTUCEE will provide this maaéito be incorporated within the final
group project report. All reports generated by MOEE will be archived for at least five years
beyond completion of the project on a secure coarmttMichigan Technological University.
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D. Data Validation and Usability

D.1. Data Review, Verification and Validation

This section discusses the criteria for determinuitigether to accept, reject or qualify data
collected for this project. Validation criteria ahese 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 qualtijectives.

All new field data collected by UFI are entered fisld staff and reviewed by the Field
Program Supervisor as outlined in detail in tevironmental Testing Laboratory and Field
Quality Assurance ManudUFI, 2010). Secondary data will be entered byllké data analysis
and modeling team and reviewed as outline8eantion B.Df this QAPP.

Laboratory data goes through a number of reviewfization and validation steps as part of
the overall laboratory quality system. All steps feview and validation of data are covered in
detail in theEnvironmental Testing Laboratory and Field Qualitysurance ManudUFI, 2010),
as well as individual analyte laboratory SOPs wtaoh listed in Table 34. Copies of these UFI
laboratory SOPs (UFI, 2013c) are providedppendix 9-11Laboratory data are reviewed by the
analyst during data entry. These are later revieledenior staff and the Laboratory Director
during reporting. Data undergoes extensive QC (B610) as summarized Bection B.f this
QAPP. Data that passes QC criteria are said t@aligated(Section B.5SUFI, 2010).

Prior to data analysis or hydrothermal/transpoddeiing, all data and hydrothermal/
transport modeling results will undergo extensiegiew. This is described in more detail in
SectionB.9 of this QAPP. The review will be conducted by exgreced professionals throughout
the hydrothermal/transport modeling and data amapye®cess. Modeling staff will be responsible
for reviewing input data for completeness and aelhez to QA requirements. Data will be
scanned to determine that all parameters fall withitypical range (e.g., similar patterns and
ranges as measured historically in these systeDa&ja manipulations will be done using
specialized programs or commercial spreadsheetgans. Values outside typical ranges will
not be used to develop the model calibration dataos model kinetic parameters. Data quality
will be assessed by comparing data to hard cogynatlis or by comparing to model results using
criteria documented iBection B.®f this QAPP.

Field and laboratory data generated by UFI and CBJ&# undergo extensive review by the
project leader. Site locations and depths recobyetthe field teams will be checked during each
sampling trip. Phytoplankton and zooplankton dgnsdlculations will be checked using raw
phytoplankton and zooplankton count sheets. Leng#msurements will be checked for
reasonable size ranges. Biomass calculations fphiytoplankton and zooplankton size
measurements will be checked for equation erremutfhout spreadsheets.

Field and laboratory data generated by CBFS witlargo extensive review by the project
leader. Site locations and depths recorded byi¢hd teams will be checked using GIS based
bathymetry maps to confirm consistency. Mussekigrcalculations will be checked using raw
shell counts, shell images, and archived collestiohength measurements will be checked for
reasonable size ranges. Biomass calculations $ioeil lengths will be checked for equation
errors throughout spreadsheets.
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Field and laboratory data generated by MTUCEE wvilergo extensive review by the project
leader. Estimates of the fraction of bioavailapbeticulate phosphorus calculations will be
checked using raw data sheets, CoCs and instrupraributs; also the calculations will be
checked for equation errors throughout spreadsheets

CUBEE will extensively review all watershed datad amatershed modeling results. This is
described in more detail tBection Bof this QAPP. The review will be conducted by exgeced
professionals throughout the watershed modeling dath compilation process. CUBEE
modeling staff will be responsible for reviewingit data for completeness and adherence to QA
requirements. CUBEE will review all data they ueeehsure that all parameters fall within a
typical range (e.g., similar patterns and rangesi@asured historically in regional watersheds).
Values outside typical ranges and for which rati@xglanations are not obvious will not be used.
Data quality will be assessed by comparing dateatd copy originals or by comparing to model
results using criteria documentedSection Bof this QAPP.

D.2. Verification and Validation of Methods

Verification and validation of all data collecteddaanalyzed by UFI is covered in detail in the
Environmental Testing Laboratory and Field Qualkgsurance ManualUFI, 2010). The data
are said to be validated if these pass a genanawenf QC coupled with a limnological analysis
and understanding of the syste@e¢tion B.5of this QAPP). During the hydrothermal/transport
modeling process all newly collected data and sgé&gndata will be reviewed as detailed in
Section A.3B.1 andB.9 of this QAPP. Hydrothermal/transport model inpatadwill undergo
extensive review as discussedsiaction B.7Data will be reviewed by the modeling team ptar
its use to determine if data fall outside of typianges for the parameter in question. All data
problems and gaps will be clearly documented in @élind memos and internal notes by the
modeling team.

As in the case of the UFI component of the projdw, data that is collected by CUEEB,
CBFS, and MTUCEE are said to be validated if thagspQC criteria outlined in this QAPP. All
data and calculations generated by these groupsmdérgo extensive review.

During the watershed modeling process all newlyectéd data and secondary data will be
reviewed by CUBEE as detailed 8ections A.3B.1 andB.9 of this QAPP. Watershed model
input data will undergo extensive review by CUBEEdiscussed isection B.7 Data will be
reviewed by the CUBEE modeling team prior to ite tesdetermine if data fall outside of typical
ranges for the parameter in question. All data lerob and gaps will be clearly documented in
memos and internal notes by the CUBEE team.

D.3. Reconciliation of User Requirements

This section of the QAPP addresses issues of whdtta collected during field sampling
meet data quality objectives. Each data type isevesd for adequacy in terms of precision,
accuracy, representativeness, completeness anchcalilly. QA of field data are covered in the
Environmental Testing Laboratory and Field Qualkgsurance ManualUFI, 2010). The data
analysis and hydrothermal/transport modeling taskhis project (5-6) will address data as it
relates to the hydrothermal/transport model teséing setup as documentedSection B.7and
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B.9 of this QAPP. The UFI modeling team will documelt analyses and assumptions in
modeling memos and internal notes by the modeéagt

Data generated by the CUEEB component of this ptojegarding zooplankton and
phytoplankton density and biomass will be revie@dprecision, accuracy, representativeness,
completeness, and comparability. CUEEB will worikhwthe all project scientists to ensure that
the phytoplankton and zooplankton data are propetdgrated into the overall project, including
clearly stated units.

Data generated by the CBFS component of this proggarding dreissenid mussel density
and biomass will be reviewed in terms of precis@eguracy, representativeness, completeness,
and comparability. CBFS will work with the all peat scientists to ensure that our data are
properly integrated into the overall project inchglclearly stated units and realistic implications
in filtering and excretion estimates.

Data generated by the MTUCEE component of thisgetajegarding estimating the fraction
of particulate phosphorus that is bioavailable Ww#l reviewed in terms of precision, accuracy,
representativeness, completeness, and comparabMilUCEE will work with the all project
scientists to ensure that our data are properggmated into the overall project.

There are two forms of reporting for this projedthe first is via the four technical meetings
over the 2013-2014 interval, that will include URTornell University scientific staff, and
NYSDEC technical staff. Progress on all componeftthe work will be addressed at these
meetings. The second is a single final reportwhthtbe submitted at the end of this project (i.e.
end of Phase 1). Scheduling of these reportinpehés was described previously (Table 2).

The data compiled or generated by the CUBEE teask¢tH and |) regarding the watershed
modeling will be reviewed for precision, accuraggpresentativeness, completeness, and
comparability. CUBEE will work with the all projestientists to ensure that the data and model
results are properly integrated into the overabljgut. The CUBEE team will document all
analyses and assumptions in modeling memos anthahteotes by the modeling team.
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