Data-driven Planning for
TMDL Effectiveness
Monitoring &

Statistical Test Selection for
Analysis of Monitoring Data

Sponsored by EPA Region 10

Presenters:

Laura Blake, Corey Godfrey, and Andy Somor
The Cadmus Group, Inc.




Overview of Presentation

Recommended steps for developing a
TMDL effectiveness monitoring plan.

Data-driven planning for TMDL
effectiveness monitoring.

Data exploration methods for selecting
statistical tests for analyzing TMDL
effectiveness monitoring data.

Demonstration of Excel-based TMDL
effectiveness monitoring planning tool.



Data-driven Planning for TMDL Effectiveness Monitoring &
Statistical Test Selection for Analysis of Monitoring Data

TMDL EFFECTIVENESS
MONITORING PLANNING



“Effectiveness Monitoring”

The process of measuring improvements in
the water quality of a water body.

Not to be confused with BMP effectiveness,
which measures the success or
effectiveness of the BMPs themselves.

The primary goal of TMDL effectiveness
monitoring is to identify water quality
Improvements (or lack thereof) that result
from TMDL implementation.



Need for Effectiveness
Monitoring

Provides a quantitative measure of progress
towards attainment with WQS.

Allows for demonstration of incremental
Improvements in water quality.

Supports adaptive management approach to
Implementation and restoration.

Provides data for use in making SP-12 and
WQ-10 determinations.

Provides documentation of water quality
Improvements, which can be used to
communicate results and justify the need for
funding to support water programs.



Recommended Steps for TMDL
Effectiveness Monitoring
Planning

Review existing data and information.

Select monitoring sites, parameters, and
study design.

Estimate sample size.

Develop TMDL effectiveness monitoring
plan.



Review Existing Data and
Information

Begin with a thorough review of all
available information that may direct the

process.

Existing data and information will provide
an understanding of:

= Historical and current water quality
conditions.

= TMDL implementation activities.
Involve stakeholders early.



Select Monitoring Sites,

°e Parameters, and Study Design

Design effectiveness monitoring projects at
the watershed scale.

= Specific project scale should be decided
upon using information on the number and
extent of impaired or threatened waters,
project resources, and project partners.

Watershed scale effectiveness monitoring:
= Pour point method

= Distributed sampling method



Site Selection Approach:
Pour Point Method

% Monitoring Site



Site Selection Approach:
Distributed Sampling Method

xK* X

" x

X Monitoring Site

10



Site Selection

Locate monitoring sites where TMDL implementation is
expected to have discernible water quality effects.

Examples include sites on impaired/degraded water
bodies that are downstream of:

WWTFs with new or revised WLASs.
Discontinued illicit discharges.

NPS that are managed through BMPs.
Stream channel restoration projects.

Improved onsite wastewater management or expansion
of sanitary sewer service.

Other TMDL-specific pollution control measures.

Evaluate any potential existing monitoring network or
sites.
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Parameters
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At a minimum, monitor the pollutants for which
the TMDL was developed.

If resources allow, monitor for stressor and/or
response variables, which provide additional

Information about the condition of a water
body.

If resources allow, monitor parameters that

may be covariates to the primary pollutants of
Interest.

= Stream flow Is a common covariate for
pollutants in streams and rivers.



Study Design
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Outlines how water quality improvements will be
demonstrated.

Critical to ensuring the collection of the specific
data needed to answer the study questions/goals.

Selection is dependent on many factors, including:
= Types of TMDL implementation actions.

Implementation schedule.

Availability and quality of previously collected data

Resources.

Existence of suitable reference sites.



Study Design (cont.)

Potential study designs for TMDL
effectiveness monitoring include:

= Before & After
= Upstream/downstream
= Paired watersheds

= Trend monitoring
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Study Design:
Before/After Study

Before After



Study Design:
Upstream/Downstream Study
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Study Design:
Paired Watersheds Study

Treatment Control
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Before
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Study Design:
Trend Monitoring
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Estimate Sample Size

Water quality data are often collected without
considering the number of samples needed to
demonstrate statistically significant changes.

Objective and informed sample size decisions
can be made using a statistical method know
as power analysis.

Power analysis uses information from pilot data
to determine the optimal number of samples
needed to identify statistically significant
changes or trends.
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Develop TMDL Effectiveness
Monitoring Plan
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Steps for planning a TMDL effectiveness
monitoring project:

1. Review existing data and information.

2. Select monitoring sites, parameters, and
study design.

3. Estimate sample size.

4. Develop TMDL effectiveness monitoring
plan.



Develop TMDL Effectiveness
Monitoring Plan (cont.)

The planning document should include:
= Relevant background information.
= Project goals and objectives.
= Where and when monitoring will occur.
= List of parameters to be monitored.

= Preliminary discussion of intended data
analysis methods, including selected level of
significance.

The TMDL effectiveness monitoring plan can
be incorporated into a QAPP.
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Data-driven Planning for TMDL Effectiveness Monitoring &
Statistical Test Selection for Analysis of Monitoring Data

DATA-DRIVEN PLANNING
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Common Example of post-
TMDL Monitoring

Ambient monitoring reveals that the Fox Run
Watershed is impaired for total phosphorus.

TMDL developed for total phosphorus.

Post-TMDL monitoring completed through the
routine monthly ambient monitoring of:

= TP

= TN

= TSS

= E. Coli
= DO, conductivity, pH, Temp, Turbidity
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e o - | Explore Pilot Data

Pilot data are previously collected data
= Ambient monitoring program
= TMDL data
= Special studies

Helps to informs sample size estimation
(power analysis)

Informs selection of parameters to
monitor for (correlation analysis)
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Power Analysis

B~ MDC x a x \n/o

Where:

B=power

MDC=minimum detectable change
a=significance

n=sample size

o=standard deviation (variabllity)
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Select Parameters
Chloride [Conductivity TN TP TSS Turbidity

Chloride 1 0.88 0.62 0.31 0.26 0.31
Conductivity| 0.88 1 0.74 0.18 0.3 0.32
TN 0.62 0.74 1 0.28 0.34 0.36
TP 0.31 0.18 0.28 1 0.52 0.56
TSS 0.26 0.3 0.34 0.52 1 0.88

Turbidity 0.31 0.32 0.36 0.56 0.88 1
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Data-driven Planning for TMDL Effectiveness Monitoring &
Statistical Test Selection for Analysis of Monitoring Data

SELECTING STATISTICAL TESTS

FOR ANALYZING EFFECTIVENESS
MONITORING DATA
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Common Types of Statistical
Tests

Parametric: Assumes the data are normally
distributed. Examples include:

" t-Test
= Multiple linear regression

Nonparametric: Makes no assumption
about data distribution. Examples include:

= Signed rank test

= Mann-Kendall test for trend
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Data Distributions
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Data Transformations (cont.)
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® e | Time Series Plots
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Autocorrelation & Lag Plots
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Censored Data

1/13/2012 345
2/1/2012 280
2/29/2012 >2,400
3/17/2012 279
4/2/2012 240

Substituting >2,400 with the value of 2,400 gives a calculated mean of 709

If that value were really 10,000, the mean would be 2,229
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Selecting an Appropriate Test

Objectives
Study Design
Characteristics of our data:
= Normal distribution
= Qutliers
= Censored data points
= Seasonality
= Autocorrelation
= Missing data
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Selecting an Appropriate Test
(cont.)

Study Objective: Compare two independent
data groups

Relevant Study Designs:

= Before/after;

= Upstream/downstream
Parametric test: Two sample t-test

Nonparametric test: Rank sum test
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Selecting an Appropriate Test
(cont.)

Study Objective: Compare data groups with
matched pairs

Relevant Study Designs

= Paired watersheds;

= Upstream/downstream
Parametric test: Paired t-test
Nonparametric test: Signed rank test
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Selecting an Appropriate Test
(cont.)

Study Objective: Compare two data groups
while adjusting for covariates

Relevant Study Designs: Paired
watersheds

Parametric test: Analysis of covariance
(ANCOVA)
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Selecting an Appropriate Test
(cont.)

44

Study Objective: Evaluate the relationship
between one data group and time (without
seasonality)

Relevant Study Designs: Trend monitoring
Parametric test: Linear regression

Nonparametric test.: Mann-Kendall test



Selecting an Appropriate Test
(cont.)
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Study Objective: Evaluate the relationship
between one data group and time (with
seasonality)

Relevant Study Designs: Trend Monitoring

Parametric test: Linear regression with
seasonal term

Nonparametric test: Seasonal Kendall test



Selecting an Appropriate Test
(cont.)

Study Objective: Evaluate the relationship
between one data group, time, and other
variables (without seasonality)

Relevant Study Designs: Trend Monitoring
Parametric test: Multiple linear regression

Nonparametric test. Mann-Kendall test with
LOWESS (“locally weighted scatterplot
smoothing”)
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Selecting an Appropriate Test
(cont.)
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Study Objective: — Evaluate the relationship
between one data group, time, and other
variables (with seasonality)

Relevant Study Designs: Trend monitoring

Parametric test: Multiple linear regression
with seasonal term

Nonparametric test: Seasonal Kendall test
with LOWESS



Data-driven Planning for TMDL Effectiveness Monitoring &
Statistical Test Selection for Analysis of Monitoring Data

DEMO OF TMDL EFFECTIVENESS
MONITORING PLANNING TOOL
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Data Exploration Software

Spreadsheet software (Excel)

= Simple user-interface

= Limited analysis options X‘Nq\

Statistical packages
= Open source (R) or proprietary (SAS)

= Steep learning curve o
o OD DD(;

Web-based tools 00,3

o0
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A Customized Tool

TMDL Effectiveness Monitoring Planning Tool
(EMTool.xlsm)

= Excel-based

Enhances basic Excel features with VBA code
Objective: Facilitate data-driven planning.
= Create exploratory plots

= Estimate sample size using power analysis
= Estimate monitoring costs

m Home Insert Page Layout Formulas Data
= Cut
B % Cu Calibri -l - A
- =3 Copy ~
aste I U
- 7 Format Painter s —
Clipboard

Review View Developer

=

i %

Alignment Number Styles
B26 - fe

A B C D E F

G H
Step 6.

Estimote Sample Size
31 o

Click the Estimate Sample Size button to calculate the minimum number of samples needed to satisfy the conditions specified in steps 2 - 5.
24

32 | Total Sample Size

33 |Samples per Period (Total Sample Size / 2) 12

34 Sove Sample Size

Click the Sowve Sample Size button to aodd the sample size estimate to the Cost Estimation workshest.




Data Exploration Checklist

Inputs:
= Pollutants of concern
Pollution control types & implementation schedule
Monitoring locations
Study design
Water quality targets
Outputs:
= Covariates

= Sample frequency, timing, and size
Project costs
= Statistical methods
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Example Dataset: Bacteria in Bear
Creek, OR

» TMDLs for Bear Creek

» 2008-2009 summer E.

52

& tributaries (1992 &
2007):

- Ammonia

- BOD

- Total phosphorus
- Sediment

- Bacteria

- Temperature

coli concentrations at
the watershed outlet.

Location of Bear Creek Watershed

N
’ within the State of Oregon

~— Impaired Waterbodies
———— Streams

00000




Excel Tool - Pilot Data Worksheet

Pilot Data Worksheet - Enter pilot dota for the water quality parameters included in TMDL effectiveness monitoring.

Step 1.

Define Water Quality Parameters - Select o water quality parameter from the drop-down menu OR type the parameter name in the drop-down box.
Enter up to ten parameters and measurement units for pilot doto.

Porameter 1: |E. Coli Measurement Units: |MPMN /100 mL
Parameter 2: | Streamflow]| w | Measurement Units: |cfs
R —_—
Parameter 3: Chlorephyll a — | Measurement Units:

Fecal Coliform
Parameter 4: Macroinvertebrate Measurement Units:

Mitrate /Mitrite
Parameter 5: Perlp ht.w " | Measurement Units:

Total Nitrogen

Total Organic Carbon -
— Enter P ter N & Unit
Parameter 7:

Jr— |
Parameter 8: - | Measurement Units:
Parameter 9: - | Measurement Units:
_ 53 N

Parameter 10: - | Measurement Units:




Step 2.

Enter Pilot Dota - Enter sample dotes and values in the appropricte column. Notes:
-500 somple dotes/volues can be entered for each porameter.

-Do not leave cells empty to indicote missing data. If o sample date is specified, values must be entered for oll parameters.

-if pasting dato from another spreadshest, select Values and Number Formats from the Poste Special menu.

-Enter a numenic season code (1-12) if seasonality will be explored. Up to 12 seasons can be defined.

-5eparate project files shouwld be created for porameters collected ot varied frequencies/dates (e.g., monthly nitrate ond weekly T55).

-Users with continuous data may wish to enter daily mean values (or daily minimum/maximumy/etc. ).

When finished, click on the Doto Explorotion worksheet tab to explore pilot dota.

Sample Date Sample Season E. Coli {MPN,/100 mL) Streamflow (cfs) Parameter 3 Parameter 4
5,/15/2006 5:: 150 164
5,/24/2006 5 1203 216
6,/20/2006 o 179 B5
&/28/2006 B 249 3B
7/11,/2006 Fi 248 33
7/19/2006 7 1329 34
7/26/2006 7 272 31
8/8,/2006 8 517 53
8/23/2006 8 5749 41
9/13/2006
3/20/2006 » Enter Sample Dates, Seasons & Values
q/27/2006
10/5/2006 10 736 53
10/18/2006 10 328 48

5/4/2007 5 133 212
5,/16/2007 5 146 36
6/1,/2007 B 196 30
6,/21,/2007 G 162 27
7,/19/2007 7 1047 111
7/25/2007 7 201 43
8/6,/2007 8 6549 53
8/27/2007 8 147 51
a/6,/2007 g 987 35
9,"'115%'}0? 9 260 26
» M| Welcome | Pilot Data .~ Data Exploration .~ Sample Size . Cost Estimation .~ ¥J




Data Exploration Worksheet - Review pilot data summary statistics, histograms, seasonality, autocorrelation, and potential covariates.

Excel Tool - Data Exploration Worksheet

Step d.
Select @ Water Quality Parameter & Dota Transformation Option - Summary statistics and a time series plot for the selected parameter are provided below.
: 2542 4785
Parameter: | j !
- |
Streamflow [l 20424783
Data Transfo Square Root :
Reciprocal Root |
T 1547 4784
1042 4785
Minimum -
Maximum I
Mg » Select a Parameter
Median |

25th Percentile
75th Percentile
Standard Deviation

7887 1 : : : . .
@ﬂm ﬂ,,y:}l“*gc‘:I ﬂt:ll"f’"{ﬂ 1,|\:1I'-'55“cJ uwﬁ“" 1,jclll"f’ﬂ{:l

'!_|U|.ﬁ|:":J
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T
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Data Exploration Worksheet - Review pilot d

» Review Time Series Plot & Summary Statistics

Step 1.
Select a Water Quality Porameter & Dota Transformation Option - Summary statistics and o time series plot for the selected parameter are provided below.
] : 2542
Parometer: |E. Coli j
= 2042
o r~ o E <
Data Transformation: Mone Log (x+1) Square Root iy
" Logarithm { Square " Reciprocal Reot | 5
; = 1542
& <
£ <
Number of Samples 52 = 1042 & o o
Minimum 60.684 =) &
. Li
Maximum 1,986.485 o & & & o & &
Mean 404 4545 &
£ = Fop®
Median 266.698 0@ § @00 & é} 0%
25th Percentile 149.025 22 ; : : YO L .
: 3 ol 0% o
75th Percen trfg . 5 531471 ‘3|5I"1“°‘J LG -L()hﬁﬂg{ﬁ N L " el Al ol B ) o0 N e
Standard Deviation 380.3934




o0 Excel Tool - Data Exploration Worksheet

Siep 2.
Review the Histogram - Does it take on the characteristic "bell" shape of normally-distributed data or appear highly-skewed ? How does the skewness change when a dato transformation is applied? If the datao appear normally

distributed, a parametric statistical test may be appropriote for evaluating post-TMDL water quality change.

35 -
-
&
Histogram showing normal distribution = §
& 30
i
bl
Value
g
20
Histogram showing right-skewed distribution = § 54
g £ I
b
Walue n
= ] 5
Histogram showing left-skewed distribution - g
=
g 0
. D—D/P 335.795 610.913 BB6.027 1161.142 1436256 1711371 1586 485
oo Bin (Upper Limit)

» Review Histogram
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Excel Tool - Data Exploration Worksheet

Step 3.

Review the Seasonal Boxplot - Are observed values similar for each season or does the parameter display strong seasonality? If a strong seasonal pattern is evident, planners may wish to monitor and analyze single-season data
only (e.g., the season with the highest risk for water quality impairment) or apply odvanced statistical methods that account for the effects of seasonality on trend detection or comparisons of two doto groups.

2500000
The boxplot displays 5 key summary statistics for each season: the minimum,
25th percentile, median, 75th percentile, and maximum values:
_ 2000000 -
=
75" e Bl aximum 5
Percentile =
£ 1500000
— Y. |1, =
25" 3
Percentile wi 1000000
e, Minimum
500.000 =
x| L, E
Note that the seasonal boxplot will not be populated unless two or mare X, >
numeric seasonal codes (1-12) are entered in the Pilot Data Worksheet (up 0.000 . . : . : . . : . :
to 12 seasons can be defined). 2 3 4 5 5 7 5 3 10 11 12
Season
Season 1 Season 2 Season 3 Season 4 Season 5 Season 6 Season 7 Season 8 Season 2 Season 10 Season 11 Season 12
25th Percentile 147 262 102500 254109 146.652 259 693 259.031
Minimum 133.403 60.684 125 888 118.582 82 265 112 572
Median 214954 170.284 283.302 205.604 328.309 572.250
Maximum 1203.396 648.721 1985.485 648.721 087 216 1413 760
75th Percentile 394062 228.150 541 063 532.672 448 338 939.298

» Review Seasonal Boxplot
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Excel Tool - Data Exploration Worksheet

Step 4.

Review the Lag Plot - Does the parameter display lag-1 autocorrelation (correlation between observed values and observations lagged by one sampling interval)? The presence of strong lag-1 autocorrelotion is noteworthy since the
assumption of independent/random samples included in many statistical tests is violated. Autocomrelated doto require the use of specialized statistical tests for evaluating TMOL effectiveness.

The lag plot displays observed values on the y-axis and lagged values on the x-oxis. Note

that the lag plot is valid for parameters sampled at regular intervals only (e.g., menthly ar
weekly) with complete doto recordss.

Lag piot showing strong gutocorrelation =

Lag plot showing moderate gutocorrelation = e

Lag piot showing weak gutocorreiation —»

2500
2000 <}
B
= 1500
= Lod
z
5 &
s o] &
“ ©
& <&
500 <>% & o < ¢
<Z> %&w % o o .
DG Oy o0 & &
a T T T T
0.00 500.00 1,000.00 1,500.00 2,000.00

E. Coli (MPN/100 mL) t-1

:
2,500.00
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Excel Tool - Data Exploration Worksheet

S5tep 5.

Explore Covariates - Review the scotterplot and correlation statistics between porameters. Does the scatterplot oppear random or do the parameters "vary together”? The addition of covarniates in monitaring and statistical analysis
can increase the detectobility of water quality changes.

Covariate:

Covariate Transformation:

Streamflow

*+ None

[

" Log (x+1) " Square Root

" Logarithm ¢~ gquare Reciprocal Root ;

Camelation Coefficient ()

Coefficient of Determination (R 2 )

Scotterplot showing strong correlation =

Scatterplot showing moderate correlation =

Scatterplot showing weak correlation =

Pararnoter 2 Pararmeter 2

Pararneter 2

0.08
0.01 2542 4
=
o OODC' E 2042 -
(] o &
o0 OO =
O —
o0 o) -
0,° z
o° s
© = 1542 -
=]
Parameter 1 - <
O o [s) N <
Co %04 1042 4 &
o oq & &
€ 6g
o <
o
<
542 o % & <
Parameter 1 $r &
Co 8 @ <
o %% o o Co <
© o0 T o
00 4 42 . . . T T T 1
o o o © 0 =] 100 150 200 250 200 350
Q
Streamflow (cfs)
Parameter 1
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Data Exploration Worksheet - Review pilot data summary stotist

cs, histogroms, seasonality, autocorrelotion, and potentiol covariotes.

Excel Tool - Data Exploration Worksheet

Step 1.

Sefect o Woter Quality Porometer & Doto Transformation Option - Summary statistics and o time series plot for the sefected porameter are provided below.

Histogram showing nermal distribution =¥

Frequency

Histogram showing right-skewed distribution -

Frgquenty

Histogram showing left-skewed distribution =

60

ey
'
£

Review the Histogrom - Does it take on the characterstic "bell" shape of normally-distr
distributed, a porametric statistical test may be appropriate for evaluating post-TWMDL

Walue

Parameter: IE. Caoli j 4248 1

‘E 3748 A

o " Log [x+1) " squzre Root =

Pataransormation: Logarithin " Square " Reciprocz| Root = 3248 1 & N ¢

=z © oy o

s 2728 O&O & o @
Number of sSamples 52 % & o & g’ OQ} &O%O
Wi 1783 - 2208 %% & & o e & oo
Maximum 3.298 L:n & ﬁ‘» < <
Megn ? 4637 = 1748 <
Median 2. 426
25th Percentile 2.173 1248 T T T T T T T 3
e == b1 e et g gt T et e
Sten2. >» Explore Data Transformation Options

Frequency

12 4

12 A

12 4

2,000

z2ls

2432 548 2855

Bin (Upper Limit}

382 3298




Excel Tool - Sample Size Worksheet

How many samples are needed to detect a
statistically significant water quality change?

Depends on:
= Statistical test applied
= Confidence level
= Statistical power
= Data variability

= Minimum detectable change
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® 0 Excel Tool - Sample Size Worksheet

Step 1.
Select o Water Quality Porameter & Data Transformation Option
Parameter: |E. Coli j
(Ecoli N
Streamflow — i5elect the transformation option that provides dota that are approximately normally-distributed (distributions can be explored in the Data Exploration worksheet). Sample size
Data Transfo, calculotions assume that normaily-distributed dota will be used to detect post-TMDL water quality change and that a parometric statistical test will be applied. An alternative
nonparametric statistical test will generally require an equivalent, or fewer, number of samples.
-
Step 1,
Select o Water Quality Parameter & Data Transformation Option
Parameter:  |E. Cali j
Select the transformation option that provides dota that are opproximately nommally-distributed (distributions can be explored in the Dota Exploration worksheet). Sample size
T Transforma?:r’on'r None ™~ Log{x+1) " Square Root

GE:Logarith Square { Reciprocal Root

colculations assume that normally-distributed data will be used to detect post-TMDL water quality change and that a parometric statistical test will be applied. An alternative
nonparametric statistical test will generally require an equivalent, or fewer, number of samples.

> Key Assumptio

n: A Parametric Statistical Test Will be Applied
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» Sample size depends on:

1) Statistical test applied

Excel Tool - Sample Size Worksheet

Step 2.

Select the study design that will be used to evaluate TMDL effectiveness - Sample size estimates vary based on the study design (ond associated statistical test) that will be used.

" Trend Monitoring

" Upstream/Downstream Study

(" Paired Watersheds Study

Time

Before After

Time

Before After

Time

Assumes a linear regression with time will be applied to detect

water guality change.

Assumes o two-sample t-test will be applied to detect
water guality change.

Assumes a two sampie t-test will be applied to detect
water guality change.

Assumes o paired t-test will be applied to detect
water quality change.

63

» Select Study Design




Excel Tool - Sample Size Worksheet

» Sample size depends on:

2) Statistical power
3) Confidence level

step 3.

Enter Desired Power and Confidence Level - Somple size increoses with increosed statistical power and confidence level.

|S[7atr'str'mf Power

0.8085tatistical power js the probability (0 to 1) that o water quality change will be detected given that a change has actually occurred. The minimum recommended value is 0.5,

Confidence Level

050

The confidence level is the probability (0 to 1) that a water quality change that is detected has actually occurred. The minimum recommended value is 0.5.

» Enter Statistical Power & Confidence Level

4) Data variability

Step 4.

Estimate Data Variability (Standard Deviation) - Somple size increases with increased dota variability.

Standard Deviation (from pilot data)

The stondard deviation of the selected porameter is colculated from dota entered in the Filot Daoto worksheet. If o transformation was opplied in Step 1, the stondard deviation
0.345:of the fransformed dataset is used for estimating sample size and is displayed here.

64 » Review Standard Deviation




Excel Tool - Sample Size Worksheet

» Sample size depends on:

5) Minimum detectable change

Step 5.

Enter Minimum Detectable Change - Woter quality changes less than the minimum detectable change connot be detected with stotistical significonce. Somple size increases with decreased minimum detectable change.

Pre-TMDL Mean (from pilot data)

290,902 MPN/100 mL

The mean of the selected parameter is colcwlated from dota entered in the Pilot Dato worksheet. If o transformation is opplied, the mean of transformed values
is displayed in unironsformed units.

Change Type & Direction

* percent " Absolute

* Decrease " Increase

The minimum detectoble change can be entered as a percent change (e.g., o 10% decrease) or absolute change (e.g., a 0.1 mg/L decrease).

Minimum Detectoble Change

40.000 %

Enter the desired minimum detectable change as o percent change or absolute change in uniransformed units.

Water Quality Target

126.DDDIMPNleD mL

EErJter the water quality target. This value is for display purposes and is not used in sample size calculations.

350.000

300.000 4

250,000 4

200.000 4

150.000 4

100.000 -

50.000

0.000

Pre-TMDL

Post-TMDL

[ Minimum Detectable Change

Target

The plot on the left displays three foctors to toke into account when selecting o minimum detectable change value:

1) The pre-TMDL condition (displayed here as the pre-TMDL mean);
2) The expected posi-TMDL condition (displaoyed here as the pre-TMDL mean minus the minimum detectable change); and
3) The post-TMDL target.

Users may wish to designate the minimum detectable change as the change needed to achieve the water guality target (thel
difference between the pre-TMDL mean and the target). However, incremental changes which are less than this difference
will not be detected as statistically significant. If o goal of the monitaring study is to identify incremental changes (i.e., the
target is not expected to be met during the study period), o smaller minimum detectable change value should be entered.

65

> Enter Minimum Detectable Change




® o Excel Tool - Sample Size Worksheet

Step 5.

Enter Minimum Detectable Change - Water guality changes less than the minimum detectable change connot be detected with statistical significance. Somple size increases with decreased minimum detectable change.

Pre-TMDL Mean (from pilot data)

290.902 MPN/100 mL

The mean of the selected parameter is calculoted from data entered in the Pilot Data worksheet. If a tronsformation is opplied, the meon of tronsformed values
is displayed in untransformed units.

L " Percent * Absolute .
Change Type & Direction The minimum detectoble change can be entered as o percent change (e.g., a 10% decrease) or absolute change (e.g., o 0.1 mg/L decrease).
* Decrease ™ Increase
Minimum Detectable Change IDD.DDDIMPNIIDD mL Enter the desired minimum detectable change as a percent change or absolute change in untransformed units.
Minimum Length of Time 10 years Enter the desired minimum length of time for detecting o stotistically significant trend.

E. Coli

100 MPN/100 mL

E. Coli
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Excel Tool - Sample Size Worksheet

i
b2

Step 6.
lick the Estimate Sample Size button to calculate the minimum number of samples needed to satisfy the conditions specified in steps 2 - 5.

Estimote Somple Size

Total Sample Size
31

Samples per Period (Total Sample Size / 2)
Click the Sowve Sample Size bution to add the sample size estimate to the Cost Estimotion worksheet.

Sove Somple Size

Before moving on, please note that this power analaysis includes several assumptions:

-Dota are normally distributed.
-An unpaired or poired t-test, or linear regression with time, will be vsed to evaluote woter quality changes.

-Pilot data are representative of TMDL effectiveness monitoring data.
-Samples are independent/random (not autocorreloted).

If these assumptions are not met, sample size estimates will be skewed ond should be viewed as general approximations only.

» Estimate Sample Size

Step 6.
( . Estimate Somple Size | ick the Estimate Sample Size button to colculate the minimum number of saomples needed to satisfy the conditions specified in steps 2 - 5.
Total Sample Size 246
Samples per Year
(Total Sample Size / Number of Years) 25

S5 5 le i
i Click the Sowve Sample Size button to add the sample size estimote to the Cost Estimotion worksheet

Before moving on, please note that this power analaysis includes several assumptions:
-Data are normally distributed.

-An unpaired or paired ttest, or linear regression with time, will be used to evaluate water guality changes.
-Pilot dota are representative of TMDL effectiveness monitoring data.

-Samples are f@%endenﬂmndom {not autocorrelated).
If these assumptions are not met, sample size estimates will be skewed and should be viewed as general opproximations only.




Excel Tool — Cost Estimation Worksheet

» Use information gained from data exploration to
e Sti m at e p roj e Ct C O St S : Eit Estimation Worksheet - Complete steps one through eight to estimate project costs. Required input is displayed in GREEN

Step 1.
m - Enter Project Length - This should only include years in which dota collection will occur. Project length con be estimated from sampld
a e q u I p I I I e n size estimates on the Sample Size worksheet.
Number of Years 10:

Step 2.

[ | L a b O r/ p e rS O n n e I Estimate Lab Analysis Costs - Enter the cost per sample, number of samples per site over the project length, and number of sites.

Sample size requirements can be estimated on the Sample Size worksheet.

Number of Samples X
Parameter Cost per Sample per Site Number of Sites Cost

I r ave | Parameter 1 - E. Coli 5 25 246 1
Parameter 2 - Streamflow

Parameter 3 -

65,150

Parameter 4 -

QAPP development ==

Parameter 8 -
Parameter 5 -

Data analysis —

L L FLO L L EUD HLO EOD LD LD U0 L

6,150
615

Total per Year

» Adjust monitoring decisions to maximize
available resources
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uestion & Answer

Corey Godfrey, The Cal p, In : FJ =PA Région. 10

e

617-673-7343, Corey.Goc V@ ca sqre up.com  (206)553-8512, carlin.iavnﬁ%@epa.qov
| k=

Andy Somor, The Cadmus Group, Inc.
503-467-7194, Andrew.Somor@cadmusgroup.com
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