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Last Revised: N/A
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Purpose

This technical standard operating procedure (TSOP) describes the process used to
generate a statistically valid list of probabilistic sampling sites for the Probabilistic
Monitoring Program’s annual target basin.

Scope

This TSOP applies to agency staff in the Office of Water Quality (OWQ), Watershed
Assessment and Planning Branch (WAPB), Probabilistic Monitoring Section who are
responsible for generating a sampling site list for the Probabilistic Monitoring Program.
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1.0. Overview Flowchart
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Procedural Steps
Step 1. Navigate to SNIGCN\OWQ\WSP\OWM\RANDOM\R Code on the
Indiana Department of Environmental Management (IDEM)
shared computer drive (S-Drive). Open the IDEM Probabilistic
Site Draw R Script in the folder. Note: Packages may need to be
installed or updated upon opening this file. Simply click “Install”
within the yellow warning line at the top of the script. Appendix 1
contains instructions on downloading and installing R, RStudio,
and necessary R packages.
Step 2. Change the following lines of code to match the targeted basin
and year:

A. Lines 17-51: Remove the “#” marker from the targeted basin
for the new site draw. For example, remove the “#” marker
from lines 42-43 for the Kankakee River to generate sites for
2026 (screenshot below for example). Ensure all other
basins are marked off with a “#” to prevent them from
running. The correct basin for the year being drawn can be
found in Appendix 2.

41 #kankakee River
42  frame=-INframe %=%

43 filter (HUCE %in% c("HOF120001", "HO7120003", "HOF120002"))

B. Line 95: change the name of the file (“XX_sites_ XXXX.csv”)
to reflect the basin and year being drawn for (i.e.
KR_sites 2026.csv for the 2026 Kankakee River site draw,
screenshot below).

95 write.csv2(sites, "KR_sites_2026.csv")

C. Lines 2-3: Replace your name as the person running the
code and today’s date. Then place the cursor back at line 1
in front of the ### (screenshot below).

@] IDEM Probabilistic Site Draw.R*

Source on Save L S
IDEM Frobabilistic sampling Site Draw Code
iritten by Stacey L. Sobat

0/2025

o T

I =

Step 3. Run the entire code by either using the “Run” button in RStudio
or by highlighting all the code (Lines 1-95) and pressing
CTRL+Enter.
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Once the code has successfully run, check the “x2_base”,
“x2_over”, and “x2_all” outputs in the Console to see the results
of the chi-squared tests (screenshot below for example) and
ensure the generated sites are equally distributed across stream
order categories. If the sites are equally distributed (p-values
>0.05), proceed to step 5. If the sites are not equally distributed
(p-values <0.05), re-run step 3 and generate a new draw.

> ##Check distributions of sites

= streamcats_base<-data.frame(matrix(summary(base3PROBE_CAT), ncol=4))
> streamcats_over<-data.frame(matrix(summary(over3PROB_CAT), ncol=4))
> streamcats_all<-data.frame(matrix(summary(sites3PROB_CAT), ncol=4))

= X2_base<-chisq.test{streamcats_base)

= %2_base

Chi-squared test for given probabilities

data: streamcats_base
X-squared = 0.72, df = 3,

p-value = 0.B685

> xZ_over<-chisq.test(streamcats_over)

= XZ_over

chi-squared test for given probabilities

data: streamcats_over

X-squared = 3.0133, df = 3,

p-value = 0.3896

= x2_all<-chisq.test{streamcats_all)

= %2_all

Chi-squared test for given probabilities

data: streamcats_all

X-squared = 1.6, df = 3, p-value = 0.6594

> #If any xA2 p-values are <0.05, rerun draw. If multiple draws are <0.05, go ask Epa (Mike pDumelle) for help

Step 5.

Transfer the .csv file generated by the R code to the appropriate
Corvallis Cycle Draw folder and appropriate basin sub-folder
within SAIGCN\OWQ\WSP\OWM\RANDOM\ on the IDEM
shared computer drive (S-Drive). If an appropriate folder does
not exist, use the information in Appendix 2 to create one within
the RANDOM folder. Close R Studio and select Don’t Save.

2.3. Related Technical Issues

A. Health and Safety Warnings
Not applicable. This TSOP does not involve travel or field work. All
steps are completed in an office setting at a computer workstation.

B. Cautions
1. The R script (detailed in Step 3) used to generate sampling sites for
the Probabilistic Monitoring Program target basin was developed by
IDEM based on tools developed by the U.S. Environmental
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Protection Agency. Certain sections of the R script change,
depending on the location and year in which sampling was
conducted or the categories used.
R, RStudio, and all necessary packages should be kept updated to
the most recent versions to ensure the proper function of this R
code. However, updates to R or any packages may change the
arguments or syntax necessary to properly run the code. If the code
is unable to run properly after any update, check any update
documentation (i.e., https://cran.r-
project.org/web/packages/spsurvey/news/news.html for spsurvey
updates) to troubleshoot any necessary changes, or install an older
version of the package. Instructions for updating or installing
specific versions of R and individual packages are in Appendix 1.
Ensure the working directory (i.e. line 9 of the code) is correct.
Selecting the wrong directory will cause the code to fail.
Ensure the working directory path command line uses forward
slashes (“/”) or two backslashes(“\\”) to indicate folder divisions,
instead of the default single backslash (“\").

. Interferences
Not applicable.

. Calibration

1.

Staff generating site draws for the first time should work with
experienced probabilistic reconnaissance staff to review the sites
and ensure that the draw resembles past draws.

. Troubleshooting

1.

R is a free software environment for statistical computing and
graphics available at https://www.r-project.org/. The R website
provides manuals (https://cran.r-project.org/manuals.html) and
FAQs (https://cran.r-project.org/doc/FAQ/R-FAQ.html) related to
installing and operating R.

Additional information about the spsurvey package can be found at
https://cran.r-project.org/web/packages/spsurvey/index.html

If a command is entered into R or RStudio incorrectly, an error
message will appear in the console. Pressing the up (1) arrow on
the keyboard scrolls through the previous command lines. Fix and
resubmit the command by pressing Enter. Common sources of
errors include the incorrect capitalization of a letter, missing
commas or parentheticals, or mis-entered alpha-numeric
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characters. In general, a space should always be inserted before

and after an assignment operator (<-).

3.0. Roles

4.0.

5.0.

3.1.

3.2.

Responsibilities

A. Probabilistic Monitoring Program Coordinator
1. Update and maintain all spatial data and R scripts as necessary.
2. Generate a list of sites for the year’s probabilistic basin before
reconnaissance work for the basin needs to begin (generally in
July, the year prior to sampling season).

B. Probabilistic Monitoring Section Chief
1. Review site list or designate a Probabilistic Monitoring Section staff
member who is experienced in reconnaissance.

Training requirements

A. R statistical program use
1. Probabilistic Monitoring Program Coordinator
2. Probabilistic Monitoring Section Chief or designee

Required Forms, Equipment, or Software List

41.

4.2.

4.3.

Forms

Not applicable
Equipment

A. Computer workstation
Software

A. R statistical program

B. RStudio desktop application

Records Management

The process outlined in the TSOP results in the creation of at least one Excel file
(xx_sites_xxxx.csv). Electronic files are stored in
SAIGCN\OWQ\WSP\OWM\RANDOM folders specific to the target basin and

sampling year. Data generated by this process is included in the annual sampling
workplan for the target basin.
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7.0.

8.0.

Generation of Probabilistic Sampling Sites
S-002-OWQ-WAP-PRB-25-T-R0
June 2, 2025

Definitions

6.1. “Agency staff’ — Any employee or representative of Indiana Department of
Environmental Management (IDEM) including regular employees,
temporary employees, contractors, and interns.

6.2. “Quality control” — The overall system of technical activities that measures
the attributes and performance of a process, item, or service against
defined standards to verify that they meet the stated requirements
established by the customer; operational techniques and activities that are
used to fulfill requirements for quality. In other words, QC involves
measuring the "thing produced" against a standard to ensure it is a quality
product that meets the identified need.

6.3. “Reconnaissance” — Obtaining information about a site through visual
observations, investigating routes to safely access the site, and gathering
property owner information and access permission.

6.4. “Technical standard operating procedure (TSOP)” — A standard operating
procedure involving environmental data generation, manipulation, or
compilation of an analytical process.

Quality Assurance and Quality Control

New WAPB staff should review this TSOP prior to generating a probabilistic site
draw in the Probabilistic Monitoring Program target basin. After a draw has been
generated by the Probabilistic Monitoring Program coordinator, a second WAPB
staff member (such as the Probabilistic Monitoring Section chief or designee)
reviews the data within xx_sites_xxxx.csv and determines whether the list of sites
accurately represents our sampling needs and our understanding of the streams
in the basin. Discuss and resolve any discrepancies before the data is finalized.

References

8.1. Dumelle, M., T. Kincaid, A.R. Olsen, and M. Weber. (2023). spsurvey:
Spatial Sampling Design and Analysis in R. Journal of Statistical Software
105 (3), 1-29. https://doi.org/10.18637/jss.v105.i03

8.2. Posit team (2024). RStudio: Integrated Development Environment for R.
Posit Software, PBC, Boston, MA. https://posit.co/.

8.3. R Core Team (2024). R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria.
https://www.r-project.org/.
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Appendices
Appendix 1 — Installing R, RStudio, and loading the required packages.

Appendix 2 —Summary of Probabilistic Monitoring Program basins and naming
designations.
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Appendix 1 — Installing R, RStudio, and loading the required packages.

R (https://www.r-project.org/) is a free, open-source, statistical computing and
graphical software environment supported by the R Foundation for Statistical
Computing. RStudio is a free, open-source integrated development environment
developed to make writing and running R code easier for users. Although installation of
the base R program and RStudio provide a wide variety of statistical operations, the
capabilities of R are greatly increased through the development of more than 15,000
user-developed packages providing advanced statistical procedures, graphical user
interfaces, or increased graphics production capabilities. Some packages are designed
with a very narrow purpose, such as spsurvey, (https://cran.r-
project.org/web/packages/spsurvey/index.html), which provides functions for selecting
sites for spatial surveys and analyzing the results of probability survey designs. R and
RStudio are updated periodically with new features; the current versions at the time of
writing of this SOP are R 4.4.2, released on 10/31/2024, and RStudio 2024.09.0+375,
released on 9/16/2024.

Installing R and RStudio on a State issued computer requires administrator
permission; thus, the user will be required to submit a ticket to have the software
installed by the Indiana Office of Technology. Otherwise, the user can follow the
instructions in this paragraph to download and execute the application to a personal
computer. R can be downloaded from a Comprehensive R Archive Network (CRAN)
mirror site (https://cran.r-project.org/mirrors.html). Click on the link for the nearest CRAN
mirror site (i.e. Case Western Reserve University, Cleveland, OH, https://cran.case.edu/
), which will take you to a webpage where versions of R are available for download for
Linux, Mac, and Windows operating systems. Select Download R for Windows, which
provides access to four subdirectories from which to choose. Select “base,” which
provides you with a link to Download R [Current Version] for Windows. Run the file R-
[Current Version]-win.exe to install both the 32- and 64-bit R programs onto your
computer and, if given the option, create desktop icons for both versions. After installing
R, RStudio can be downloaded from Posit (https://posit.co/download/rstudio-desktop/).
Select Download RStudio Desktop for Windows. Run the file RStudio-[Current
Version].exe to install the program onto your computer.

After base R and RStudio have been installed, open RStudio. In the RStudio
console, use the command “install.packages” to install the necessary packages. The
scripts in this SOP requires the spsurvey (install.packages(“spsurvey)), tidyverse
(install.packages(“tidyverse)), and viridis (install.packages(“viridis”)) packages.
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Appendix 2 - Summary of Probabilistic Monitoring Program basins and naming designations.

Sample | Sample Target Basin Basin
Cycle Year Abbreviation

5t 2020 West Fork White River WFWR
5th 2021 Patoka River PR
5th 2022 East Fork White River EFWR
5t 2023 Great Miami River GM
5t 2024 Upper Wabash River uw
5th 2025 Lower Wabash River LW
5t 2026 Kankakee River KR
5t 2027 Great Lakes Tribs GL
5th 2028 Ohio River Tribs OH
6 2029 West Fork White River WFWR
6 2030 Patoka River PR
o 2031 East Fork White River EFWR
6 2032 Great Miami River GM
6! 2033 Upper Wabash River uw
6 2034 Lower Wabash River LW
o 2035 Kankakee River KR
o 2036 Great Lakes Tribs GL
6 2037 Ohio River Tribs OH
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