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1.0 Introduction

The original objective of this handbook is to report/explain the procedures used and
products developed from the Red River Watershed Assessment Protocol Project. This
document was also created to provide guidance to water quality staff from the Red Lake
Watershed District and other groups and agencies conducting water quality monitoring
programs. The information and methods contained in this document were pulled together
from a large number of sources in order to provide a very robust methods document. It
serves as a methods handbook for water monitoring project development, water quality
data collection, and data management. This document helps ensure continuity in data
analysis, even throughout changes in personnel. Although it is, at times, focused on the
Red Lake Watershed District and the Minnesota side of the Red River Basin, it is
intended to also be useful to other agencies collecting water quality data. This will be a
living document. Changes in methodology, newly developed data analysis methods, or
any methods overlooked by this document will be included in future editions. Hopefully,
the time spent creating this handbook will help save time in the future and prove to be an
efficient resource for its users.
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Figure 1. Location of the Red Lake Watershed District
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Figure 2. Red River Basin.

The purpose of the Red River Watershed Assessment Protocol Project was to establish
procedures for developing water quality reports, field and lab standard operating
procedures, quality assurance project plans, and statistical analysis techniques for the Red
River Basin, providing needed coordination as identified in county water plans. The
project was funded by a Minnesota Board of Water and Soil Resources Challenge Grant.
There are many organizations that are monitoring water quality within the Red River
Basin. However, until recently, the sharing of data among agencies was limited. The Red
River Watershed Assessment Protocol project is meant to help agencies take a step in the
right direction towards better coordination of monitoring efforts and comparability of
data. This project recommends the use of standard methods by all these agencies so that
data is comparable due to similar collection and analysis methods. The coordination of
data collection efforts among agencies will lead to less duplication of sampling efforts,
and greater number of sites that will be monitored across the RLWD by one agency or
another. Other products of the Red River Watershed Assessment Protocol Project include
the RLWD website and water quality database, Standard Operating Procedures for Water
Quality Monitoring in the Red River Valley, Statistical Methods for Analyzing Censored
Water Quality Data Sets, 2004 Red Lake Watershed District Water Quality Report, River
Watch Quality Assurance Project Plan (QAPP), and the RLWD QAPP.



2.0 Data Storage

2.1 Database Design and Agency Coordination

Some of the RLWD’s needs that were fulfilled by the Red River Watershed Assessment
Protocol Project were the needs for a website for public outreach, a central database for
the storage of water quality data, a tool for viewing GIS data and creating maps, and data
analysis tools. Houston Engineering was contracted to create the RLWD website, which
meets all of the aforementioned needs. Along with the other features of the website that
were created (see Section 6.3), a central Microsoft Access database was created. It is
stored, along with all other files related to the website, on a Houston Engineering-owned
server. Data is stored in a set of interrelated tables. There are tables within this database
for water quality data, site information, organization information, and site pictures. The
tables are linked by site ID number and organization name. A set of web pages are used
to display the data within these tables.

| Microsoft Access QLE_T‘_J%|
File Edit Yiew Insert Format Records Tools ‘Window Help
BCIEEY CesE B Ak @A .
ot & Favorites » | Go~ | [ v
- B i £
EBopen Bf Desion fghew | | 2o T B organid | organname
id 1/ Red Lake YWatershed District
Chijects @ Create table in Design view 2 Clearbrook-Sonvick Riverwatch
B E‘j Create table by using wizard ] 13! Crookston Riverwatch
=\ = EI] Create table by entering data
i . organization |
i P id | siteid | siten|
" S | 157 48020467 96202583 100
L D_ | 156 4802046796202953 100
%] A » 124 4789676796274200 108
M g
& | siteid | sitenar
|| *+|475580169534 1300 3 Mlile Road
|+ 4793690095689917 37
|| *+|4806131795935217 39
S wq : Table
id date sitename
- L 8/5/2003 40 CHISH
- i | wiishd ecorgn ] 4/30/2003 40 CH/SH
— Ll z 372002003 40 CHISH
| 2 Clearwater River, #56 — e e e AL Y
£
Latitude and Longil':u;:le combined For the site, 16 digit§ This Field is required. M

T 1

Figure 3. RLWD Water Quality Database.



The database was originally updated RLWD staff using an online data entry form. The
data entry pages were password protected so only RLWD staff can enter data. Data is
entered into the database by the RLWD. This page features a blank cell and a flag cell for
each water quality parameter that may be entered into the database. For the online data
entry form to work properly, a numerical value must be entered in every cell. There are
cases, however, when data results are not represented by a number. A method was needed
for distinguishing among results below the reporting limit, zero values, and missing
values. For results that fall into one of these categories, a zero is entered into the cell and
a value is selected from a flag field that specifies whether the value is below the detection
limit, equal to zero, or if there is no value for the field. The online data entry format was
not as convenient as it was intended to be. The RLWD has gotten rid of the online data
entry form and has switched to a more direct and simpler method of data entry.

Red Lake Watershed District
*Dodicated tfo Water Managarment™

Water Quality Database Maintenance Page - Wator Quality Maintenance Page

Aidil Record (Waler Guality Record)
" Denotes required ficlds.
Hote: if there is "o deta” for a parsmeien, you must enter a @ and set the Mlag field to -39,

‘St |0 [477 3528395206750
“Time (Military Form
‘Observars gnitists):
*Organization: | Seleci Organization |
Air Temp. (C:
waoather: |
*Stream Flow (efsk | "Flage) | (Valid Value) =
“Straam Gage (A | “Fag| 1 (Valid Valug) =
ﬂ.cr'lmﬂ:):l 'ﬂdl (Valid Value) j
“Lab Water Temp. (K | mf 1 (valid Valug) =]
“pH (Fielak | “Flage] 1 (Valid Valug) E
“pH (Labk | ‘Flage] 1 (Valid Value) B
‘Specific Conductance (Fheid) (uSiemy: | gy | (Valid Volue)
‘Specifie Conductsncs (Lab) (usiem: 'Fiagy 1 (Valid Value)
Akalinity (motL: "Fragd 1 (Valid Valug) =
*Miszalecd dxygen ( souration): | “Fhage] 1 (Valicl Valug)
Turbidity (TU): | “Flagd 1 (¥ahid Value) =]

“Turbidity (Measured in tubses) (cm) I

“Fiage] 1 (Valid Value)

*Amvmonia NH3 fmgiL: |

‘Flags 1 (Valid Value)

“Hitrates IITIHI-JEI

‘ﬁmJ 1 (Valid Value)

Hitrates plus Wtrites lrmﬂ.k[

‘Frage] 1 (Valid Valug)

“Orthophosphorus (reactive) l'rl'llfl-kl

‘Hag| 1 (Velid Valuz)

“@rganic Phosphorus (molk |

‘Flage] 1 (velid Valua)

*Total Phospharus (moiLk |

‘Flage] 1 (Velid Valus)

*Fecal Coliform Bacteria (cobonies A 00mi): I

“Flagy 1 (alid Value)

"Escherichia Colifierm Bacteria (coloniesiidmik I

“Flagy| 1 (Valid Valug)

"Total Coliform Bacteria (ellhnh!ﬂﬂh‘lﬂj:]

“Frage| 1 (Valid Value)

“Chemical Oxygen Damand (Mol |

Elm:| 1 (velid Walue)

“Bloghemical Oxygen Demand (MOLk [

‘Frage] 1 (Valid Valug)

“Total Kickdah Hitrogen CmBJIJ’I

“Flags | (valid Valug)

‘Total Suspended Solids (mBU:]

‘Flags 1 (Vialic Valug)

*Total Dissolued Solids (mgi): |

‘Flagd 1 (valicl Valug)

*Total Organic Carbon (mgiLk |

'ﬁng.l 1 (valid Yalue)

*Chloride (mgiL: |

“Sampling Device Usad:

190 1 P 8 e PR

‘Fage] 1 (Valid Value)

‘Storage Device Used in Transporting Samples:

|
=l

=
= |

Figure 4. Online data entry form that was used by the RLWD.
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Data entry forms have recently been added to the Access database itself that make data
entry even easier than online entry. After data has been added to the Microsoft Access
database, the database file located on the ftp server is simply replaced with the new,
updated version.

on ID: [477550954734 i

[ 3564

Figure 5. Microsoft Access Database Entry Form.

Data in the database can be downloaded by anyone visiting the RLWD website
(www.redlakewatershed.org). After a successful search for water quality data from a
particular monitoring site on the RLWD website, this set of web pages will appear for the
site. These pages include a report card page, site information page, data viewing page,
analyze and download data page, and a site location map. Information displayed on the
site information page is stored in the site and picture tables in the database. The report
card page performs calculations using data in the water quality data table (entitled “wq”)
and compares the results to the standards in the percentiles table in order to produce a
letter grade for each monitoring site. The View Data and Analyze and Download Data
pages link to the water quality data table to display the data, calculate summary statistics,
create time series plots of the data, and load data into the StatCrunch program for
additional statistical analysis options.
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Figure 6. Interactive Map on the RLWD Website.
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Description of Report Carid: The report card for stream and mver water quality collected withn the Red Lake Watershed District is mtended to provade the general public with a qualitatrve sense of
the degree of water quality. More information shout how the grades are assigned.

Description of Parameters: More infornation shout parareters
= Fecal Coliform Bacteria - indicator of the extent of contamination from warm-blooded animals B
* Dissalved Cx/gen- represents the physical condition necessary for sustaining fish populations and other aguatic life, el
* Totai Phosphorus - indicatar of the level of nutrients or edtrophication. o B
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Report Card Grades
Site Bvaluated: 725 (Klondike bridge in the city of Red Lake Falls)
Saraples Collected for this Site: 100
Samples Used to Grade Fecal Coliforn Bacteria: 56
Sarples Used to Chrade Dissolve Cigrgen: 88
Sarnples Used to Grade Total Phosphors: 86
Samples Used to Grade Total Suspended Solids: 57
Penod of Record Graded: 21611927 to 511212005

Grade Comparison to All Other Sites Within
the Same Subwatershed: Clearwater River,
#oo

Grade Comparison to All Other Sites Within
the Red Lake Waiershed Disirict

Grade comparison te Minimally Impacted
Sireams and Rivers Wiihin the Same
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Average of All Grades for Each Parameier

Fecal Coliform Bactenia: ©
Dissolved Conygen: ©
Tatal Phosphoms: C
Total Suspended Solids: B

Fecal Coliform Bacteria: ©
Dissolved Crrgen: ©
Tatal Phosphoms: C
Total Suspended Solids: B

Fecal Coliform Bactena: B
Dissolved Cogrgen: Mo Data
Tatal Phosphoms: B

Total Suspended Solids: &

Fecal Coliform Bacteria: C+
Dissolved Cugrgen: Mo Diata
Total Phosphorus: C+

Total Suspended Solids: B+

Figure 7. A report card webpage is linked to the water quality data table in the

database to create "'grading curves” and give a site a grade based upon the curves.
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Eite Identification:

Site Location:
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Watercourse: Clearwater River
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Most Recent Pictures of this Site:
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Figure 8. A site information page is generated for each site and is linked to a site
information table in the database.
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Dristrict
1:20:00 sl
Jd48 |4782620006277100 | 84552004 CHIIB P'M Watershed 1533 232 | 2288 218 549
Diistrict
33500 Fed Lake Cloudy;
3425 [4788620006277100 | 65352004 CH PM Watershed 201 wind @ 5 1705 6.08 628
Dristrict raph
0000 Do T aden Talle Ao ® st

Figure 9. The View Data webpage simply displays data from the selected site - it is
linked to the water quality data table within the database.
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@ - Lv> ¥ [%‘ £33 t/l] ng g?g (5 L‘&_{_ | a3 It) w E ‘_‘ hiekp: ffwe redlakewatershed orgjanalyzedata. asp7id=478362009 V| © co HQ,

| twindows Marketplace

| “Dedicated fo Water M o

Home Page | Search for Water Quality Site

Report Card | Site Information | View Data | Analyze or Download Data | Location Map

Analyze Water Quality Data for this Site
Site Selected: 785
Samples Collected for this Site: 100
Period of Record Graded: 2/6/1957 to 5/12/2005

Summary Statistics

Select Parameter 1

| Select Parameter 2

| Select Parameter 3

Calculate Statistics

Farameter 1: Facal Coliform (coloniesA00mL )
Min: 0

Max: 570

Range: 570

Mean: 53,3928

Median: 18

Standard dewiation: 84.7143

Period of Record: 12/26/1980 to 10/6/2004
Sample size: 55

Mieys Time Series Graph

Parameter 2: Dissolved Oxygen field) (marL)
Min: 4.7

Wl aze: 20

Range: 15.2

hlean: 105412

Median: 10.25

Standard deviation: 2.948

Period of Record: 10/26/1900 to 5/12/2005
Sample size: 83

Wiew Time Series Graph

Patameter 3: Total Phosphorus [P)YmarL)
Min: 0.01

M 0.854

Range: 0.859

hean: 0.1243

Median: 0.075

Standard deviation: 0.1493

Period of Resord: 208/1887 to 10/5/2004
Sample size: 86

View Time Series Graph

Data Analysis Tools
Webstat 2.0 i a fres software tool provided by the Univatsity of South Carolina Statistics Dept. for data analysis over the web. We are currently providing an import file to use with this sotware. The impart file
contains all of the data for the current site. The first time you launsh this softmare will take a minute orso to load in yourweb browser. Your browserwill also need to have Java enabled. If you are unsure

whether your broweser is Java enabled, please read the help files. To load the data for this site in WWebstat and launch the sofiware, please click on the link below.

Launch Wehstat 3.00

Dovmload Data
The water quality data may be downloaded. The links belon allows downloading of water quality data for site 785 are provided below,

® Commaseparated text file for this site. (This file zan be imported into almost any spreadshest or databasze sofhware, like Miciosoft Excel )
® Diownload the entire databaze for all sites in Microzoft Access 2000 format. = sm,

®* Click here to download or view a data dictionany for the database. (This spreadsheet will describe each field. This file is in Microsoft Excel format.)

Quality Assurance Data
Hotes for Determining Mi
Detection Limits (Excel file)
Frocedures & hiethods (Excel file)

Sample Size (Excel file)

Percent Recovery Data (prior to 1009) (Exsel file)
Quality Assurance Data (1998 to cunent veai (Excel file)

Detection Limit, Reporting Limit and Equi P

fitard file)

Figure 10. Analyze or Download Data Page.

Quality control measures can be incorporated into an Access database. Examples include
a range of allowable values for a data entry cell, or even special procedures for entering
data into a database. The Red Lake Department of Natural Resources uses a data entry
system that involves duplicate data entry and data verification. If any data entered during
the second round of entry does not match data from the first round of entry, an error
message is displayed and the user must double-check the original data sheet to verify the
correct value. This helps to eliminate data entry errors. Some common types of data entry
errors include entering data into the wrong cell or field, misplacing a decimal point,
adding an additional digit (accidentally hitting too many keys), and omitting data
altogether.

In a data entry form like the figure below, validation rules can be added to each field.
Number fields should accept only number values. Fields can also be made to reject or
question values that do not fall within a specified range. For pH, for example, the range
of possible values is 0-14, so if a value of 72.6 is entered, the value will be rejected and
the user will have to check the results and enter the correct value. So, for example, a user
may have misplaced the decimal point on the first try and, after receiving an error
message, has a chance to replace 72.6 with the correct value of 7.26.
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A normal range can be defined for a parameter as well. This function would question the
data entry personnel about whether a value is correct or not if it falls outside a normal
range for the parameter. Abnormally high values can still be recorded by verifying the
number, but false values caused by extra or misplaced keystrokes will be checked and
corrected. Validation rules can be added within the design view of the database. Right
click on the cell and select Properties to access the window, shown below, in which
validation rules and other controls can be added to the cell.

[ Formatl Data I Ewvent I Other Al |

----- A Mame. . . TRERE (4]

Control Source . ... ... ph_field |

Sy InpubMask . e
Default alug oo

] validationRule . ... <11
ez Validation Text . . . /
..... ';)':lTransparency_cm Status Bar Text . . . i
J::::] Enter Key Behaviar . o000 Default

Allow AukoCarrect ..o Yes

Figure 11. Adding a validation rule to a data entry form cell.

Finding these errors during data entry is important for getting data into STORET since
the database will reject data that is out-of-range. Data will then have to be corrected and
re-submitted, thereby delaying the entry of the data into STORET. See Section 4.3 for
more tips on getting data into the STORET database.

2.2 Data Storage in Microsoft Excel

Although Microsoft Access is one of the best options for storing a large amount of data,
especially for linking tables and querying data, Microsoft Excel is the program most
likely to be used for data analysis. There are two ways to have data available in Microsoft
Excel for the purposes of data analysis. It can either be entered directly or it can be
imported from another program. An alternative method of data storage and analysis
would be to export data from Microsoft Access and import it into Microsoft Excel or
another statistical analysis program to analyze the data. The RLWD has entered data
directly into both Microsoft Access and Microsoft Excel. Having updated Microsoft
Excel spreadsheets on-hand is valuable because data analysis can be performed quickly.
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The RLWD will be switching to Excel spreadsheets that are linked to the Access
database. This way, there will be updated Excel spreadsheets available for analyzing data,
but data can be imported from the RLWD’s Access database instead of entered cell by
cell.

1. Know the location of the Microsoft Access database from which you will be
importing data.

2. Begin a new query: Data => Get external Data => Database Query (you may
need to have your Microsoft Office CD ready in order to install this feature)

E? Microsoft Excel - Book1 =T
File Edit View Insert Format Tools Data Window Help Acrobat -2 x|
DS SRY B v -2 sot. | 10 - BIZU SE=E=H|, 98 H-A.7
b2l | e gl ¢ % W Filter »
i E25 ;J = Subtotals...
1 A il B 1 c 1 D Coﬂsol\date... 4 ul d 1 K il i M N 0 Z
o Group and Outline »
3
R PivotTable and PivotChart Report... T T T
: B fun Seved Query.
il =
g b B8 Mew Web Query...
: 18 e oo cuen.
10 | | | | | &) Import Text File...
"
12
13
14
b ¥
1
17
18

3. Select MS Access Database in the Choose Data Source window and click OK.

Choose Data Source

Databazes l I]ueries] OLAP Cubes ]
BIBER_EXPORT* .

BIBEF_IMPORT® — Cancel |
BIBER_W3*

BIBER_V3_1* Erowse... |
BIBER_\3_2¢

BIBER_W3_F Options. .. |
dBASE Files®

Excel Files® 3 Delete |
b5 Accezz Databaze® w —

@ v Usze the Quen ‘Wizard to create/edit quernes
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4. Browse to the location of the database from which you will be importing data and
click on the OK button.

Select Database EI
Database Name Directories:
|r|wd_wqdb_2DDD.de:u WCA

Cancel
rwd wodb (61005 mc (= "“WCoreyh'WMy Docu - 4

. District Maonitoring (=
wd_wadb._2000_STO &5 Distn - T;”F D””gi_ Help
riwd_wadb_37 mdb £ City temp

- - £ Clearwater subwa [ Read Only

(7 Duplicate Sample _
(1 Field Blank Sampl % [ Exclusive

List Files of Type: Drives:

|;‘1'-J:|:ess Databases *.m ﬂ | & “Coreyh My Docu ﬂ Network..

5. In the Query Wizard — Choose Columns window, choose the table and columns
that you want to import into your spreadsheet. Click on the Next button.

Query Wizard - Choose Columns

"What columnz of data da you want b include in paur quen?
Ayailable tables and columns: Columnz in your query:
B} :v=am ~ [>_] [STORET StatiorID A
id W Froject_Station_[D = -
siteid < dale —
i < me
Froject_ID J Praject_Personnel_Mame
R ecreational_Suitability . Dr_ganizatinn
Physical_Condition Air_Temp_C
+ llnime | ake Praiect 10 : l.-_'-.'EﬁthE_r :
Fresiew of data in selected columnt;
®| Cptions... Mest = Cancel
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6. In the next window (Filter Data), you may choose to filter the data by date, site,
etc. If your water quality data table within Access contains data for more than one
site, for example, you may filter the data by site name and only import data from
one particular site.

Query Wizard - Filter Data

Filter the data ta specify which raws to include in vaur quern.
[F wour dan't want ta filker the data, click Mext.

Colurnn to filter: Only inchude rows where:
Praject_Station_|D

STORET_Statian D

Project Station D = |Eq|_,|a|g ﬂ kduirray Bridge

date

time o and O Or
Froject_Perzonnel_Ma

arganization | ﬂ | J
Air_Temp_C e -

weather

G_INST _cfs | J | J
Staff_gage_ft

Temp_C w 4 e

@ < Back Mest = Cancel |

7. The Sort Order window of the Query Wizard is where you can signify how the
data should be organized within the table. The example below will place the data
in a chronological order.

Query Wizard - Sort Order

Specify how you want your data sorted.
IF pou don't weant to zort the data, click Mest.

Sortb i‘
Y 0

Azcending
dat -
| oe J " Descending
Then by
o] [ peeendrg
G " Descending
Then by

-
| =l -

@ < Back Mest = Cancel |
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8. In the next window, leave “Return Data to Microsoft Excel” selected and click
Finish.

Query Wizard - Finish

What wauld vau like ta do nest?

% Return Data to Microsoft Excef Save Query. . |

" iew data or edit query in Microzoft Queny

(" Create an OLAP Cube fromm this query

@ < Back | Finish | Cancel

9. Choose a worksheet as a destination for the data.

Returning External Data to ... EFXI

Where do you want to put the data? Ok

{+ Existing worksheet:
Cancel

|
" Mew worksheet Properties...
(™ PivotTable repart

A:

10. You now have an excel spreadsheet that can be updated from the Access database
with a push of a button.
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11. Display the External Data toolbar to make refreshing data easy:
View=>Toolbars=>External Data

B Microsoft Excel - Murray Bridge.xls
File Edit View Insert Format Tools Data Window Help Acrobat

DEHL 8GRy B8 EAHEA BDE 7 Amw uw - BrusE==E, W3 »-A-2
rdf| Bl rEe.
C16 | = 2‘3!1993 12:00:00 AM
A B c D F G =
1 STORET_Station_ID Projel Station_ID date time Project_Persennel_Name  organization Air_Temp_C v—
2 4792371797016033  Murray Yridge 2/26/1987 0:00 1/0/1900 12:15 WMP Red Lake Watershed District e
3 |4792371797016033 | Murray B 8/4/1987 0:00  1/0/1900 12:00 WMP Red Lake Watershed District 19.2)¢
4 4792371797016033  Murray BNdge 1/28/1988 0-00 1/0/1900 10:55 WMP Red Lake Watershed District )¢
5 4792371797016033  Murray Brigge 6/7/1988 0:00 1/0/1900 11:00 WMP/RAD Red Lake Watershed District 300¢
6 |4792371797016033 | Murray Brid 9/29/1988 0:00) 1/0/1900 10:50 WMP Red Lake Watershed District
7 |4792371797016033 | Murray Bridg 12/22/1988 0:00| 1/0/1900 10:10 WMPLS Red Lake Watershed District
8 |4792371797016033 | Murray Bridg 5/4/1989 0:00) 1/0/1900 10:50 WMP Red Lake Watershed District
9 |4792371797016033 | Murray Bridg 7/18/1989 0:00 1/0/1900 10:10 WMP Red Lake Watershed District
10 4792371797016033 | Murray Bridg 10/5/1989 0:00| 1/0/1900 10:40 WMP Red Lake Watershed District

11 4792371797016033
12 4792371797016033
13 4792371797016033
14 4792371797016033
15 4792371797016033

| 16 |4792371797016033
17 4792371797016033
18_4792371797016033
19 4792371797016033

20 4792371797016033
214792371797016033
22 4792371797016033
23 4792371797016033
24| 4792371797016033
25 4792371797016033
26 4792371797016033
27 |4792371797016033
28 4792371797016033
29 4792371797016033
30 4792371797016033
31 4792371797016033

Draws ~ [é
Ready

Murray Bridg
Murray Bridg
Murray Bridg
Murray Bridg

R eﬁrleghl ITta E:H Q gt‘ltorlgm

10/26/1990 0-00 1/0/1900

External Data'T'o

7/20/1992 0:00) 1/0/1800 12:20 DF/RR

Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District

Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge
Murray Bridge

4| «[» [»]} Sheet 1 Sheet3 /
Autoshapes- ~ WO E A E - Z£-A- == 8@ -

1720

992 0:00 1/0/1900 10:20 DF/KA

I 2023/

6/30/

993 0:00] 1/0/1900 0:00 DF/BG

993 0:001 1/0/1900 10:52 DF/CD

11/1/1993 0:00 1/0/1900 11:10 DF

3/21/1994 0:00

DF/BGJ

6/29/1994 0:00| 1/0/1800 11:15 DF/TA
6/27/1995 0:00| 1/0/1900 10:50 DF/RR
9/26/1995 0:00| 1/0/1900 11:30 DF/SS
2/13/1996 0-00 1/0/1900 11:30 DF/SS
4/24/1996 0-00 1/0/1900 11:30 DF
7/31/1996 0:00| 1/0/1900 12:30 DF/RL
11/4/1996 0:00| 1/0/1900 12:00 DF/RL
3/5/1897 0:00) 1/0/1900 12:10 ML/DF
6/4/1997 0:00) 1/0/1900 10:00 ML/BH
9/17/1997 0:00| 1/0/1800 11:00 ML/SL
12/9/1997 0:00| 1/0/1900 10:34 ML/BJ
5/13/1998 0-00 1/0/1900 10:32 RO/ML

4]

Red Lake Watershed District
Red Lake VWatershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake VWatershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District
Red Lake Watershed District

No strict protocols will be established by this document for the organization of data in
Microsoft Excel due to the different needs of different monitoring projects and the
flexibility of the program. There are, however, some relatively universal tips that help
make a clean, useful Microsoft Excel spreadsheet for water quality data. The name of
each parameter in its respective column (or row) heading should be clearly stated. Units
(mg/L, NTU, ft, etc.) should be indicated if applicable. Dates should be in Excel format
(mm/dd/yyyy or mm/dd/yy). A Microsoft Excel workbook (entire file) can contain many
worksheets (separate spreadsheets). Each worksheet is represented by a tab at the bottom
of the window (defaults = Sheet 1, Sheet 2, and Sheet 3). Some user may choose to have
only one workbook for all their monitoring sites, or a separate workbook for each site
with multiple worksheets dedicated to data analysis results. The RLWD uses a separate
workbook for each long-term monitoring site, but will also combine sites into one
workbook for smaller, short-term monitoring projects. Within a workbook, raw data
should be stored in one worksheet. Other worksheets can be used for pivot tables,
summary tables, assessments, graphical analysis, and statistical analysis. Methods for
conducting these different types of analysis can be found in the following chapter.

One thing that can cause problems with data entry and analysis is water quality parameter
data that isn’t represented in numerical format. This may include lab results that are
below the minimum detection limit (MDL). These results are reported with a < symbol in
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front of the value of the MDL. Lab results that are too numerous to count are another
example. If you wish to use your data for analysis, it will be necessary to create modified
columns next to the original data columns into which data can be transformed into
useable numeric data. If your data is going to be submitted to a database such as the
EPA’s STORET database, fields containing flags or remark codes will need to be added
next to the original data. When data that is below the minimum detection/reporting limit
or greater than the maximum detection limit is submitted to STORET, the detection limit
is entered into a column under the parameter and units heading and the remark code is
placed in a column directly to the right of this one (with a heading of RC of FLAG). See
Section 3.1 for more information on using censored data.

A limitation of Microsoft Excel is its storage efficiency for large amounts of data.
Microsoft Access can efficiently handle a larger amount of data than Excel. Even Access
has its limitations and large scale databases will require programs such as Microsoft SQL
and Oracle. The EPA’s modern STORET water quality data, for example, is stored using
an Oracle database. These databases are generally only used by agencies that need to
store a very large amount of data (USEPA, USGS) and large companies that need to store
a large amount of transaction data.

3.0 Data Analysis

Before beginning data analysis, think about what questions you want to answer. Here are
some examples:

e Are designated uses generally supported in the watershed?

e Did the levels of pollutants violate state water quality standards? How many times
or what percent of the samples at each site? Where? When?

0 See section 3.53 for directions on assessing water quality data for the
determination of impairment.

e How does the water quality compare with ecoregion water quality standards?
Ecoregion values are often expressed as percentiles, so you will need to calculate
the corresponding percentiles for your results in order to compare them to the
ecoregion values.

0 See Section 3.54 for ecoregion values and Section 3.21 to learn about
calculating percentiles.

e How do results compare over time? How might any changes be explained?

0 See Section 3.3 to learn about trend analysis.
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How does one parameter compare to another?
0 See Section 3.25 to learn about measures of association.

How do sites compare spatially (upstream vs. downstream)? How might any
changes be explained?

0 This can be done by comparing summary statistics (Section 3.21).
Are specific stressors affecting the health or human use of the water body?

How do the results upstream of a suspected source of pollution compare with the
results from downstream?

Would any of the monitoring streams qualify as reference (unimpacted, pristine)
streams?

What is the natural background water quality like in the watershed?

Did you collect the required number of samples from the minimum number of
sites (completeness)?

0 See Section 3.22 to learn about quality assurance calculations.

How will the sensitivity of the methods and equipment you used affect the
results? (Section 3.22)

How did quality assurance results (from split, duplicate, spiked, replicate, known,
unknown, and blank samples) compare with expected results? Did they meet your
data quality objectives? (Section 3.22)

Did you sample frequently enough and at the right times?

What is the degree of change that is significant for each parameter, considering
natural baseline and variability?

Do the field notes coincide with the data? Are there any data entry errors?
0 See Section 2.0 on data storage.

How much of a particular water quality parameter (i.e. sediment) is being
transported past a monitoring site?

0 See Section 3.4 to develop load estimates.
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e How healthy is a particular lake? How suitable is it for recreation or aquatic life?

0 See Sections 2.51 and 2.52 to learn about the Carlson’s Trophic State
Index and water column temperature and dissolved oxygen profiles.

3.1 Using Censored Data

One thing that can cause problems with data entry and analysis is water quality parameter
data that isn’t represented in numerical format. This may include lab results that are
below the minimum detection limit (MDL). Laboratory analysis techniques have a
limited accuracy. The smallest amount of a parameter such as nitrates, total suspended
solids, or fecal coliform that laboratory methods can detect is referred to as the minimum
detection limit (MDL). Results that fall below this limit are reported as either BDL or <a
number. These values are not useable when calculating summary statistics such as the
mean or median. Removing this data from the data set is not a good option because the
statistical analysis results would be biased and misleading. Since the value of these
measurements is unknown, questions arise as to what should be done with this data so
that it can still be used for statistics.

Lab results that are too numerous to count are another example. Transparency tubes are
also recorded in such a way that analysis cannot be performed on raw, untransformed
data. There are two readings taken for each measurement and sometimes transparency
values are greater than the highest reading possible on the tube as well.

In order to be able to use this data for analysis without losing the original results, a
modified column can be created to the right of the original data column for each
parameter. The modified column is a numerical representation of the original data. While
the modified field is needed for analysis, a different field, the flag or remark code field is
required for the submission of data to the MPCA’s STORET database.

If you plan on using your Excel spreadsheet for storing data in a STORET acceptable
format, you will need to insert a flag field (or remark code) column to the right of any
data columns that include any results that are MDL, BDL, > than detection limit, etc.
Place the value of the minimum/maximum detection/reporting limit in the data column
and, in the flag field column, input the appropriate flag character. See Section 4.3 for
more details on these flag fields and entering data into STORET. If you will be using the
spreadsheet for analysis only, then follow the directions in the following paragraph.

Lab results that are less than the minimum detection limit (BDL , <.02, <1, etc.) can be
transformed to a numerical format in the modified column. This allows the censored data
to be used in data analysis. The value in the modified column should be equal to one half
of the minimum detection limit. The same value should be used in place of every BDL
result for a parameter even if the reporting limits change over time.

A study entitled Statistical Methods for Analyzing Censored Water Quality Data Sets was
completed by Houston Engineering, Inc. for the Red Lake Watershed District in 2002.
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This study was conducted as a part of the Red River Watershed Assessment Protocol
Project. The purpose of the study was to find the best method for dealing with censored
data. The study examined the simple substitution method; distributional methods such as
the probability plot, maximum-likelihood estimation (MLE), and fill-in with expected
MLE values techniques; and the Helsel’s Robust Method.

The study recommended using the simple substitution method when dealing with BDL
values. For the simple substitution method, the BDL result is replaced by an actual value.
This value may be 0, the MDL, or a value equal to one-half the MDL. Since substituting
0 or the MDL may still bias the results of statistical analysis. Therefore, the study
recommends using either the /2 MDL value, or calculating summary statistics from the
substitution of both 0 and 1 and averaging these results. The study is included in this
document in Appendix A. This topic is also covered in Sections 2.1 and 4.3.

Detection limits may change over time and may differ among laboratories, equipment,
and methods. If detection limits, for example, get smaller over time and different /2 BDL
values are entered into the modified column for use in data analysis, the decreasing BDL
values may impart a false decreasing trend. The reason this trend would be false is
because, whether the reporting limit is .4 mg/L or .1 mg/L, the actual value is unknown,
so one cannot automatically assume that the actual concentration of a sample is higher
with a MDL of .4 than it is with a MDL of .1 mg/L. So, if there are multiple reporting
limits, what value should be used for all the results? The censored data study completed
by Houston Engineering (see Appendix A and/or Section 3.1) recommends applying the
highest MDL to all data, while We Have Stream Data, Now What?! recommends
applying the smallest MDL to all the data. The justification for using the smallest MDL is
that 2 of the larger MDL may be equal to an actual reading that was recorded while the
smaller MDL was in use. The justification of using the larger (less sensitive) MDL is that
it is necessary to censor quantified values that are less than the largest MDL in order to
prevent artificial trends. The RLWD will follow the recommendations of the Houston
Engineering censored data study.

Now, what is to be done with results that exceed the highest value that can possibly be
measured? A value can be entered into the modified column that is equal to the highest
possible reading plus one. So, if a transparency reading is recorded as >100 cm, it may be
recorded as 101.

However, we run into a problem with changing maximum detection limits that is similar
to the problem we have with minimum detection limits. The solutions discussed in the
following paragraphs will use transparency tube readings as an example since they are a
widely used water quality measurement device and there are several different tube
lengths available. The concepts discussed in the following paragraphs can also be applied
to other parameters such as turbidity.

Since there are different lengths of transparency tubes, there may be data sets that contain

values of 60+ cm, 100+ c¢m, or even 120+ cm. For these, We Have Stream Data, Now
What?! recommends using the lower of these two numbers and even excluding data from
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the longer tube. This method has some merit because some of the actual transparency
conditions recorded as 60+ cm may not have been greater than 100 cm. So, this method
avoids any false statements by not changing 60+ cm to 100+ cm. Also, when the lower
maximum value is used for all measurements, any results from the 100 cm tube that are
greater than 60 cm must be transformed from their original value to 60+ cm. If it is
necessary to transform 100+ cm readings to 61 cm, than all readings greater than 60 cm
must be transformed to 61 cm, not just the “100+” readings. This does avoid false
statements or assumptions about the data. For example, results from the 100 cm tube of
65, 80, or 100+ cm are greater than 60 cm.

Censoring all the data that is greater than the maximum value of the shortest tube used in
a dataset may prevent the appearance of false trends, but may prevent the determination
of any trend at all. For example, a stream was monitored for 5 years with a 60 cm tube
and then for five years with a 100 cm tube. If the water quality in this stream has been
deteriorating over the last 10 years from an average transparency of <100 to an average
transparency of 70 cm, this trend wouldn’t be detectable if all values were changed to 61
cm. With this method, you are losing data for both periods of time. An argument for this
method would be that all the values would be true (100 is greater than 60). This method
would work better for streams with transparency values that are normally below the
maximum of the shorter tube than it would for cleaner streams with transparencies that
are normally greater than the shorter tube’s maximum.

Increasing all the “greater than the detection limit” values to the maximum height on the
taller tube would allow for more of the data from the taller tube to be used. Data from at
least one of the tubes will be completely represented in the analysis data set. No data
censoring occurs in this method beyond the limitations of the equipment at the time that
the data was recorded. This method may be helpful in cleaner waters that exhibit
transparencies that are close to the maximum value on the taller tube — where trends
would be masked if all results are reduced to the maximum of the smaller tube (plus one).
This method may create false assumptions about the data from the shorter tube,
unfortunately. If values are rarely near or above the maximum of the taller tube and/or are
frequently below the maximum on the shorter tube, this method definitely should not be
used. Using a value of 101 c¢m in the modified column for a reading of 60+ cm for a
stream with an average transparency of 45 would be unacceptable. Using a value of 101
cm in the modified column for a reading of 60+ cm for a stream that has an average
transparency of 99 cm may be more acceptable.

The method you use for your analysis may depend upon your data. You may even have to
try multiple methods for you may find a trend with one method that you couldn’t find
with another. The best solution to the problem, however, is to use consistent methods and
equipment so the problem of multiple maximum readings is not encountered.

Another option is to conduct separate trend analysis for different monitoring methods or
equipment. This, perhaps, may be the best method to use if more than one type of tube
has been used and values are frequently greater than the lesser of the maximum detection
limits that were used.
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3.2 Statistical Analysis Procedures

There are many different types of statistical analysis that can be performed on water

quality data sets for reporting and interpretation purposes. Many inferences can be made
about data from simple statistics such as mean, minimum, maximum, median, range, and
standard deviation. Here is a quick review of how these statistics are calculated and how

they can be used for analysis of water monitoring data. Also included in this section are
some slightly more advance statistics. The following table, derived from the MPCA’s
Volunteer Surface Water Monitoring Guide, provides some guidance on the particular
uses of these statistical methods.

Table 1. Suggested Statistical Summaries for General Chemical and Physical

Parameters (Adapted from We Have Stream Data, Now What)

Statistical Summary
o
v
S5l 9
= 28| © | & 3
g <3 2|8 =
S 8o 212 ¢ o
Se 8188 T 2| 35|85 %
L © £ |25 3| 9| E| E| &
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Parameter Tz 31836l 8| S| S|5|8
Total Suspended Solids
Temperature
Dissolved Oxygen
Turbidity
Nutrients
Conductivity
pH
Alkalinity
Chlorophyll-a
Flow
Water

Clarity/Transparency

Bacteria
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3.21 Statistics

Median: The median of a data set is the middle value after all the values have been
ranked in order of value. The median can easily be picked out in small data sets, or can be
calculated with the =MEDIAN() equation in Microsoft Excel for large data sets.

Mean: The mean, or average, of a set of samples is one way of finding the center value of
a data set. Divide the sum of the results by the number of results. Mean can be
automatically calculated using the =AVERAGE() equation in Microsoft Excel.

Geometric Mean: A geometric mean can be used to calculate a mean that is not skewed
by extreme values. It is one of the calculations used when assessing waters for
impairment for the TMDL program, particularly for fecal coliform. Fecal coliform levels
can be very low on one day and too numerous to count the next day on some streams.
The geometric mean is normally close to the median for positively skewed data sets.
Where G represents the geometric mean and the x, values represent a series of numbers
in a data set:

G (x1, X2) = V(x1*x2) = (xljgz)”;
G (x1, X2, X3,) = (X1*X2*X3) 7}
And so on...

Note that geometric mean takes the product of all the numbers in the data set to the power
of one over the number of values in the data set. Geometric mean can also be calculated
automatically using a function in Excel: =GEOMEAN(A1:A5), where A1:AS is the
range of cells that contain the data to be analyzed (for the example). The geometric mean
cannot be calculated for data sets that include values of zero. Therefore, values that are
below the minimum detection limit (represented by <(MDL) in lab reports) must be
represented by a positive number such as one-half of the MDL.

Trimmed Mean: This is another way to remove the influence of outliers in data sets. To
calculate a trimmed mean, calculate the mean of only the data that falls between the 25"
and 75" percentiles of a data set. Trimmed mean can be automatically calculated in
Microsoft Excel by using the equation: =TRIMMEAN(). See the following section on
quartiles to learn how to calculate the 25" and 75" percentiles.

Percentiles and Quartiles: Percentiles are a measure of the relative position of a single
value within a data set. They are more valuable when applied to large data sets versus
small ones. Percentiles are labeled P, Ps, Pas, etc. The subscript number refers to the
percentage of the values in the data set that are smaller than the value of the percentile.
So, if the P53 percentile of a data set equals 10, 30% of the measurements are less than 10
and 70% of the measurements are greater than 10. Three particular percentiles are used
quite frequently in statistical analysis. These are P,s, Pso, and P7s. These percentiles are
also referred to as the 1%, 2™, and 3™ quartiles or Qy, Q,, and Qs, respectively. Other
percentiles that are commonly used include the 5™ and the 95™ percentiles.
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Percentiles and quartiles are another type of statistical analysis that can be performed
using Microsoft Excel and other computer programs. Many programs that calculate a set
of summary statistics will include the 1%, 2™, and 3" quartiles. To perform this
calculation using a Microsoft Excel function, simply go to Insert >> Function, click on
statistical, and then choose either PERCENTILE or QUARTILE. Choose the
PERCENTILE function for percentiles other than the quartiles because you can input the
percentile you wish to calculate (between 0 and 1). QUARTILES is a simplified version
of the PERCENTILE function. The desired quartile is entered into the Quart field (0 for
minimum, 1 for Q1, 2 for Q2, 3 for Q3, and 4 for maximum). Whichever function you
choose, a window with two fields will appear. Enter the range of values to be analyzed
into the Array field and indicate the desired percentile or quartile in the bottom field.
Click OK when the information has been correctly entered into the fields.

Loads: Loads are calculated by multiplying concentration by flow volume. Daily average
concentrations and/or flows can be used for continuous monitoring programs. Often,
however, only one measurement for each will be available for each sampling day.
Instantaneous loads can still be calculated with this data. Loads in milligrams (mg) per
second (sec) can be calculated by multiplying the concentration in milligrams per liter
(mg/L or ppm) by the flow in cubic feet per second (ft’/sec or cfs) and then multiplying
by a conversion factor of 28.31685 L/1 ft’. Milligrams per day can be calculated by
multiplying the mg/sec result by a conversion factor of 86,400 sec/day. After this, any
other conversion factors can be applied. Kilograms per day can be calculated by
multiplying the mg/day result by a conversion factor of 1 Kg/1,000,000 mg. Tons per day
can be calculating by multiplying the kilograms per day by a conversion factor of 1
ton/907.1847 Kg.

Flow-Weighted Mean: Calculating the flow-weighted mean concentrations of water
quality parameters places more importance to concentrations recorded during higher
flows when calculating an average concentration. High flow periods can contribute the
majority of the total flow volume for a given year. The concentrations of water quality
parameters during periods of high flows can have a greater impact on receiving waters
than the concentrations during periods of low flow. Weighted means are calculated by
multiplying each individual datum in a data set by a weighting factor, finding the sum of
these products, and then dividing this sum by the sum of the weighting factors. In other
words, to find flow weighted mean concentrations, first multiply parameter concentration
by flow for each sampling event. Find the sum of the products from all sampling events.
Finally, divide this sum by the sum of all the flow values. No conversions of
concentration or flow should be needed. Any conversion factors added to the equation
would need to be applied to both the divisor and the dividend and will, therefore, cancel
each other out and will be a waste of time. The following equation will calculate the flow
weighted mean using a data set of concentrations (c;...c4) and flows (f;...fs):

Flow weighted mean = (c;*f) + c,*f; + c3*f5 + c4*f4)
(fy + £ + 5 + £y
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Minimum, maximum, and range: These statistics are self-explanatory. The minimum is
the lowest value in the data set. The maximum is the highest value in a data set. Range is
the difference between the minimum and the maximum. Minimum and maximum values
can easily be found in small data sets, but equations like the MIN and MAX functions in
Microsoft Excel can help find these values in a more numerous set of values in a
spreadsheet.

Standard Deviation: Standard variation is a measure of the amount of variance in a data
set. It is equal to the square root of the variance. This calculation can be useful in
determining precision for a set of replicate samples, for example. The standard equation
for standard deviation is:

- i (X, =Xy

=1 .‘f_]

In the equation above, s = standard deviation, n = the number of values in the data set; X,

= the first number of the data set, X, = the second number, and so on; and X" = the mean
of the data set. Another way to calculate the standard deviation is shown below.

s = the square root of (¥X*— (Y X)*/n) Y'X? = Sum of the squares of the values
n-1 > X = Sum of the values
n = Number of values

The easiest way to calculate standard deviation, however, is by using the Microsoft Excel

equation: =STDEV(A1:A5), where A1:AS5 is an example of a range of cells that contain
the data to be analyzed.
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3.22 QA/QC Calculations

Relative Percent Difference: Calculating the relative percent difference (RPD) between
samples and duplicates can be used to measure the precision of water quality
measurements. A smaller RPD indicates greater precision. Standards for RPD may be set
at the beginning of a monitoring program and included in a quality assurance project plan
(QAPP). Acceptable RPD standards range from <20% to <30% in existing quality
assurance plans from various agencies and laboratories. The RPD between a sample and
its duplicate is calculated by dividing the difference between the two samples by their
average.

RPD = (Result 1 — Result 2)/[(Result 1 + Result 2)/2]*100

Percent Recovery: Percent recovery is a test of the accuracy of laboratory methods. It is
essentially a ratio of the measured value versus the expected value. This test can be
applied to performance evaluation sample results. Performance evaluation samples are
prepared by a third party and have a known concentration. The percent recovery for a set
of performance evaluation samples is equal to the measured concentration divided by the
actual concentration, then multiplied by 100.

Percent recovery calculations can also be used as a method of quality control to
determine if there is something in the sample or in the analytical technique that is
interfering with the test. A set of duplicate samples is created from the original, real
sample. A matrix spike with a known concentration of the target analyte is added to one
of the duplicate samples. Both the spiked sample and the unmodified sample are analyzed
at the same time. The percent recovery of a matrix spike is calculated by dividing the
difference in concentration between the results for the spiked sample and the results for
the original sample by the concentration of the spike that was added. Greater values for
percent recovery indicate a higher level of accuracy. The lab tests a spiked sample and
the non-spiked sample.

When the percent recovery is calculated, it should be within the range of 90 to 110
percent. A perfect percent recovery is 100 percent. If the percent recovery is low, there
may be something in the sample that is interfering with the test. The percent recovery
equation for matrix spikes is shown below.

% Recovery = (Conc. of Spiked Sample — Conc. of Non-spiked Sample) X 100
Concentration of Spike Added
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3.23 Conversions

Conversions are often necessary when managing and analyzing water quality data.
Results from different sources may be in different units. Conversions are nearly always a
necessity when working with loads since the units of volume in concentration data are
usually milligrams and the units of volume in flow measurements are usually cubic feet.
When converting data, knowing conversion factors between units is essential. Lists of
conversion factors are available in table form (see below), but they are also very handy
when they are in an electronic form. Conversions can be performed with advanced
calculators and with computer programs such as Convert. Convert can be downloaded for
free at http://www.joshmadison.com/software/convert/.

Now that you know, for example, that one Liter equals 0.03531467 cubic feet, you still
need to be able to conduct conversions based upon these conversion factors. You will
need to think back to your chemistry classes. The point of a conversion is to arrive at the
desired units. For example, if the average concentration of total suspended solids for a
day is 50 milligrams per Liter (mg/L) and the average rate of flow for the day is 500
cubic feet per second (cfs), how many tons per day were going through the monitoring
site? The desired units are tons/day. The beginning units are mg/L and ft/sec. Equations
can be created in Microsoft Excel to automate these calculations, but first, write out the
equation and multiply by conversion factors to cancel out units until the desired units are
achieved. In this example, we want to change seconds to days, and milligrams to tons.
Liters and cubic feet (ft3) are both measures of volume and will be canceled out of the
equation.

S0mg * 500ft; = 50me * 5004 * 1k * 86,400 see * 1 kg =

1L 1 sec 1E 1 see .03531467 £ 1 day 100,000 mg
611.643.83 kg

1 day

611,643.83 ke * 1lton = 674.36 tons/day

1 day 907 ke

After writing this conversion on paper, it can be translated into a Microsoft Excel
equation by noting the multiplication and division factors that are applied to the original
values. If the 50 mg/L is in cell A2, the 500 ft/sec value is in cell B2, and you wish to
calculate the load in tons/day in cell C2, here is what the equation should look like in cell
C2:

=(A2*B2*86400)/(.03531467*100000%907)
or a simplified version:

=(A2*B2*86400)/(3203040.569)
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Table 2. Useful Conversions for Water Quality Data Analysis

Common Conversions for the Water Quality Monitor

Mass

Area

1 gram (g) = 1000 milligrams (mg)

1 township (twp) = 36 sections (sect)

1 ton (tn) = 2000 pounds (Ibs)

1 section (sect) = 1 square mile (mi®)

1 kilogram (kg) = 1000 grams (g)

1 township (twp) = 36 square miles (mi?)

1 kilogram (kg) = 2.20462 pounds (Ibs)

1 acre (ac) = 43,560 square feet (ft?)

1 pound (Ib) = 453.5924 grams ()

1 square mile (mi®) = 640 acres (ac)

Distance

1 square mile (mi®) = 2.589988 square kilometers (km?)

1 mile (mi) = 5280 feet (ft)

1 square foot = 144 square inches (in%)

1 mile (mi) = 1.609344 kilometers (km)

1 square meter (m2) = 10.76391 square feet (ft?)

1 kilometer (km) = 1000 meters (m)

1 hectare (ha) = 2.471044 acres (ac)

1 hectometer (hm) = 100 meters (m)

1 square meter (m?) = 1.19599 square yards (yd®)

1 meter (m) = 3.28083 feet (ft)

Computer Terminology

1 meter (m) = 39.36996 inches (in)

1 kilobyte (KB) = 1024 bytes

1 meter (m) = 100 centimeters (cm)

1 megabyte (MB) = 1024 kilobytes (KB)

1 centimeter (cm) = 10 millimeters (mm)

1 gigabyte (GB) = 1024 megabytes (MB)

1 meter (m) = 1.09361 yards (yd)

Pressure

1 yard (yd) = 3 feet (ft)

1 inch of mercury = 25.4 millimeters of mercury

1 inch (in) = 25.4 millimeters (mm)

1 inch of mercury = 3.386388 kilopascals (kPa)

Time

1 inch of mercury = 33.86388 millibars (mb)

1 year (yr) = 365 days

Volume

1 day = 24 hours (hrs)

1 liter (L) = 1000 milliliters (ml)

1 hour (hr) = 60 minutes (min)

1 cubic foot (ft°) = 28.31685 liters (L)

1 minute (min) = 60 seconds (sec)

1 gallon = 3.785412 liters (L)

1 hour (hr) = 3600 seconds (sec)

1 liter (L) = 33.81402 ounces (0z)

1 day = 86,400 seconds (sec)

1 cubic yard (yd3) = 27 cubic feet

Flow

Concentration

1 cubic foot/second (cfs) = 646316.9
gallons/day = 2446576 liters/day =
101940.6 liters/day = 2446.576 cubic
meters/day = 3600 cubic feet/hour

1 milligram/liter (mg/L) = 1 part per million (ppm) = 1000
micrograms/liter (ug/L)

1 microgram/Liter (ug/L) = 1 part per billion (ppb)

Temperature

Fahrenheit to Celsius: C = (F-32) * 5/9 (Subtract 32, multiply by 5, and then divide by 9.)

Celsius to Fahrenheit: F =32 + C * 9/5 (Multiply by 9, divide by 5, and then add 32)

Miscellaneous Conversions

1 cubic yard of sediment = about 2,500 pounds or 1.25 tons

Amount of sediment in a two-axle, 5 yard dump truck load = 6.25 tons

Amount of sediment in a tri-axle, 12 yard dump truck load = 15 tons
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3.24 Graphical Methods

Other forms of statistical analysis are often needed. Summarizing analysis results in
tables, graphs, or charts for reporting purposes can be very helpful to the reader. Some of
the descriptive statistical analysis performed for the Red River Watershed Assessment
Protocol Project include the determination of minimum detection limits, recommending
methods for addressing values below the minimum detection limit, histograms, boxplots,
time series plots (next section), correlation matrixes, and flow duration curves. It is
important to make graphs neat, informative, and understandable. The graphs should be
useful for interpreting the meaning of data and presenting findings from data. There are
many techniques involved in creating quality graphs. Here are some tips:

v

Graphing data is part of a process. You may end up graphing more data than you
will use in a report or presentation. Some data you graph will be more valuable
than others. If graphs are used as part of the process of understanding data, their
meanings, indications, and other results may be summarized in another form and
the graphs may not necessarily appear in the final report or presentation.

Column graphs should be used with discrete data (data that is not continuous).
Line graphs are used with continuous data. Line graphs that are used for discrete
measurements may mislead the viewer into thinking the data is continuous. An
example of a good line graph would be flow data that is collected at regular
intervals (hourly, every 15 minutes).

Have a clear title.

Make sure you have simple clear label on the axes that shows reporting limits.

Use a scale size that reveals trends, adjust it from the default scale to meet your
needs.

Avoid clutter.

[llustrate information that allows the reader to get to the point quickly. Use graphs
only when they convey meaningful information.

When displaying data from multiple sites, displaying information from upstream
to downstream is an intuitive way to organize and present your results.

Consider the background and graph colors. Do they print well? Adjust colors to
create a color scheme that will make sense to the reader.

Just do it! Start in and play around with different types of graphs...thankfully,
there is an undo button.
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Histogram/Frequency Plot: Histograms and frequency plots show the distribution of
observations within a sample set. They are usually used to visually assess the degree of
scatter and whether the observations are normally distributed. Meaning, if the
observations are normally distributed, the heights of the columns should be roughly
shaped like the Normal distribution curve (the superimposed blue line in the example
below. These graphs can be used to interpret the symmetry and variability of data.
Symmetric data will be structured symmetrically around a central point. The extent and
direction to which data is being skewed will also be indicated by boxplots and frequency
distributions.
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Figure 12. Example Frequency Plot

Both histograms and frequency plots split data into intervals, count the number of values
in each group, and displaying the data in the form of a bar chart (green bars in Figure 12).
There are two differences between the two graphs. The vertical axis of a histogram
represents the percentage of the total data set that is included in each interval. The
vertical axis of a frequency plot represents the number of observations within an interval.
These plots can either be created manually (see example in figure 2) or using a computer
program. Analyse-it, an add-in for Microsoft Excel ($100), histogram creating add-ins for
Microsoft Excel (around $30), the (free) data analysis add-in for Microsoft Excel, and
StatCrunch (free online at http://www.statcrunch.com/) are some of the programs that can
be used to create histograms.

The Webstat/StatCrunch program is an online statistical analysis tool that can be accessed
through the RLWD website on the Analyze or Download Data page for each monitoring
site. To get to this page, go to the RLWD website at www.redlakewatershed.org, click on
the Water Quality section, search for a site using the interactive map or text search tools,
click on a blue site ID number (the link to the informational pages for the monitoring
site), and then click on the Analyze or Download Data tab. Scroll down to the blue link
for the current version of StatCrunch.

After you have created an (free) account, the software will automatically load the data
from the monitoring site into the program. The data can then be analyzed using nearly
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any type of applicable statistical or graphical analysis. The statistics available in
StatCrunch include correlation, covariance, summary statistics for columns or rows,
frequency tables, contingency tables, z statistics, proportions, variance, regression, t
statistics, ANOVA, and control charts. The options available in StatCrunch for graphical
analysis include bar plots, pie charts, histograms, stem and leaf plots, boxplots, dot plots,
means plots, QQ plots, scatter plots, index plots, chart group statistics, parallel
coordinates, pairs plots, 3D rotating plots, and color schemes.

Consider the following 22 samples of a contaminant concentration (n ppm): 17.7, 17.4, 22.8, 35.5, 28.6,
172191, =4, 7.2 =4 152,147, 149 1089 124 124, 11.6, 14.7, 10,2, 5.2, 16.5, and 8.9,

STEFP 1: This data spans O- 40 ppm. Equally sized intervals of 5 ppm will be used: 0 -5 ppm; 5- 10
ppm; ete. The endpoint corvention will be that values are placed in the highest interval
containing the value. For example, a value of 5 ppm will be placed inthe interval 5- 10 ppm
instead of 0 - 5 ppm.

STEF 2 The table below shows the number of observations within each interval defined in Step 1.

STEP 20 The haorizontal axis for the data is from O to 40 ppm. The verical axis for the frequency plot is
from 0 - 10 and the vertical axis for the histogram is from 0% - 10%.

STEFP 4. There are 22 observations total, so the number observations shown in the table below will be
divided by 22, The results are shown in column 2 of the table below.

STEP &5 A common unit for this data is 1 ppm. In each interval there are 5 common units so the
percentage of observations (column 2 of the table below) should be divided by & (column 4).

STEF & The frequency plot is shown in Figure 2-1 and the histogram is shown in Figure 2-2,

#of Obs % of Obs % of Obs
|nterval in_Interval in [nterval 2l ppm
0- 5ppm 2 9.10 1.8
5-10 ppm K| 13.60 27
10- 15 ppm a 36.36 7.3
15 - 20 ppm ] 27.27 R
20-25 ppm 1 4.55 0.8
25 - 20 ppm 1 4.55 e
30- 35 ppm 1] 0,00 0.0
35-40 ppm 1 4,55 (8]

Figure 13. Example of Generating a Histogram and a Frequency Plot.

The most common available option for the creation of a histogram within a spreadsheet is
likely to be the data analysis add-in for Microsoft Excel. Before starting, you will need to
create a column of values that will specify the borders of the intervals within the
histogram you will be creating. To see if this add-in is loaded in your version of Excel,
click on Tools menu. If you do not see Data Analysis in the Tools menu, click on Add-
ins instead. A window will appear that shows a list of possible add-ins for Excel. Check
the box for Analysis ToolPak and click OK to install the add-in. You will likely need to
insert your Microsoft Office CD in order to complete the installation. Once the
installation process is complete, you can open the data analysis window by clicking on
Data Analysis in the Tools menu. Within this window, you can see all the different types
of statistical analysis that can be performed with this tool. To create a histogram, double
click on Histogram in the list of options. The histogram window will then appear. In this
window, you will need to specify the input range. This is the set of values you want to
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analyze. The BIN range is the column of numbers that you created at the beginning of
these instructions. Indicate where you want the histogram to appear by specifying an
output range or by telling the program to create a new worksheet. Check the chart
output box to get a bar chart histogram. When you click OK, the program will create the
histogram.

Boxplots: Creating boxplots (or box and whisker plots) is another method for visually
representing the distributions within a data set. Boxplots show the relative positions of
Q1, Q2, Q3, minimum, and maximum are shown above a scaled real number line. The
minimum and maximum values of the data set are represented by lines drawn from the
ends of the box. The left side of the box represents Q1, the first quartile. 25% of the
samples are less than the value of Q1. Q3 is represented by the right side of the box and
Q2 is represented by a line drawn in the middle of the box. They can be used to compare
sites by placing a boxplot for each site on the same graph. Box and whisker plots can also
be used to determine if sites are even comparable. If the boxes of two sites do not
overlap, the sites are not comparable. This is because the best water quality of one site at
its best is almost always worse than the water quality of the other site at its worst.

Thief River Watershed Total Suspended Solids Summary (1992 - 2004)

4-/. MA_X *’ | ¢

30

s8]
tn

Q3

[}
(=]

TSS (mg/L)

-
=
|

15-Moose R 83-TR@ 757 - Mud 40-TR@ TFE0-TRNof
Thief L Outlet River Agassiz NWR  Thief River
Fallz

S}

Q )

Figure 14. Boxplot of TSS results within the Thief River Watershed with map.

Several different methods for generating boxplots and histograms using software have
been used by the RLWD. One of these is the Analyse-It software that can be purchased
for approximately $100 as an add-on for Microsoft Excel. Existing Excel data can easily
be used for the calculation of “over 30 parametric & non-parametric statistics, including
descriptive statistics, box-whisker plots, correlation, multiple linear regression analysis,
ANOVA, & chi-square statistics.” This program basically creates a worksheet that is set
up as a report and includes histograms, percentiles, and summary statistics along with the
boxplots. Another way to create boxplots, along with nearly any type of statistical
analysis can be performed, is by using the Webstat/StatCrunch program.
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The preceding methods definitely work, but a user sometimes may want a worksheet
dedicated to boxplots. In this case, boxplots can be created using the Chart Wizard in
Microsoft Excel. Since there is no preset setting (as of Office 2000) for boxplots, the
program needs to be tricked into creating a boxplot. The following step-by-step methods
expound upon those found in We Have Data, Now What?, a manual compiled for the
Data Analysis and Interpretation Pilot Training Workshop for Citizen Volunteer Water
Quality Monitoring Programs workshop by the Red River Basin Monitoring Network,
Rivers Council of Minnesota, and the River Network.

1. The first step to creating a box and whisker plot, or boxplot, is to determine which
monitoring sites will be featured on the graph and create the summary statistics
that will be used to create the plot. In the summary statistics table, sites should be
placed in a significant order, such as upstream to downstream. The summary
statistics necessary for creating a boxplot are the 25™ percentile (Q1), minimum,
median (50" percentile or Q2), maximum, and the 75" percentile (Q3). If the
columns are in this order, as shown below, you will be able to skip Step 13. Also,
after saving the boxplot as a custom chart type, having summary data arranged in
this order will make the creation of boxplots easier in the future.

A, B C D E F 5 H
1 Fecal Coliform
2 23th% min median max 73th% avy # of samples
3 |CRZ3 30.0 4.0 46.0 186.0 57.8 56.2 20
4 5130 20.0 2.0 B0.0 314.0 74.0 59.2 21

2. Select the site name, 25t percentile, minimum, median, maximum, and 75
percentile column headings and data.

3. Select the Chart Wizard Button. ﬁ
4. 1Inthe Chart Wizard Step 1 of 4, click on the Standard Types tab and choose

the Line chart. Choose the chart sub-type labeled “line with markers displayed
at each data value.”
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Chart Wizard - Step 1 of 4 - Chart Type

Standard Types | Custom Types l

Chart type: Chart sub-type:
|l =l -
= Bar
& Pie
- BY (Scatter)
htly ~rea

@ Doughnut
iy Radar

@) Surface

®: Bubble

Lﬁiﬁ_ Stack,

b
i

Line with markers displaved at each data
walue,

Press and Hold to View Sample |

@ Zancel | | Mext = | Finish |

5. Click Next to continue.

6. In Chart Wizard Step 2 of 4, the data range box should automatically contain the
summary data cells you selected in Step 2. Click the round button that puts the
series into Columns. Click Next to continue.

-

Chart Wizard - Step 2 of 4 - Chart Source Data @

Data Fange l SEries ]

3500

00,0 =

00 -'/ —
2000 _//fr —a— IGeh%

median
150.0 TEh
100.0 =L
50.0
l—~—___.
o0 < .
CRE3 $6130
Data rangs: \:Ec.xplat!$n$2:$F$4 E
Series in: [ Rows
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7. SkKip the Chart Wizard Step 3 of 4 for now by clicking Next to continue.

8. In the Chart Wizard Step 4 of 4 — Chart Location, you can choose the location
of the graph. It can either be placed in its own worksheet, or in another worksheet
that, for example, is dedicated to graphic analysis.

Chart Wizard - Step 4 of 4 - Chart Location

Flace chart:

™ As new sheet: |Chart1

{+ s obiect in: FBOXDth j

Cancel | < Back | | Eimish |

9. Now you have the beginnings of a chart that should look something like the one
below. You may need to adjust the scale and fonts to make sure the chart is
readable. This and other aspects of the appearance can also be adjusted when the
chart is completed so it is not necessary at this point.

350.0

300.0 —e—min

230.0 1 = 25th%

200.0 7 median

150.0 - .
50.0 Sy max

0.0 * .
CR23 SG130

10. In the chart, double click on the line that representmaximum values in the
data set. In the Patterns tab, remove the line by choosing None under Line,
change the Marker Style to a dash (-), and change the Marker Foreground
Color to black.
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Format Data Series

Patterns l Bxis l Y Error Bars | DataLabels | Series Order ] Optinnsl

Ling

" Aukomatic
+ Mome

" Custom

Skyle: _
Automatic -

Weight: | ——— =

r

Sample

Colors

tatker
" Aukomatic

" Maone
{* Custam

Skwle:

_ . -

Eoreground:

Background: Mo Color
5 == pts

[ Shadow

Size:

(04 Cancel

11. Now the graph should look similar to this:
350.0
300.0 - = * min
250.0 —= 25th%
200.0 - g
150.0 - median
100.0 75th%

50.0 — - max

0.0 * =
CR23 SG130
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12. Repeat Step 10 for the minimum and median lines. When you are done, the
graph should look like this:

350.0
300.0 - - - min
250.0 - = 25th%
200.0 = median
150.0 - )
100.0 75th%

50.0 - - - -  max

—
0.0 - =
CR23 SG130

13. Double-click on the line for the 25™ or 75th data series to bring up the Format
Data Series window. This time, select the Series Order tab. Make sure that the
order of the series to the following: 25" percentile, minimum, median,
maximum, 75" percentile. This series order can be changed, if needed, by using
the MOVE UP and MOVE DOWN keys.

-

Format Data Series

B[]

Patterns 1 Hxis

7oths

300.0

250.0

% Error Bars ] Cata Labels — Seties Order l Cptions ]

200.0

150.0

—&— 25th%

min
median
max
TEth%

100.0

500

0.0

CR23

26130

[ o ]

Cancel
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14. Before clicking OK, click the Options tab. Check the boxes for High-low lines
and Up-down bars. Adjust the Gap width number to 150. A smaller gap width
value will produce larger boxes in the box and whisker plot, and vice-versa.

Format Data Series -\

Patterns ] Ais l ¥ Error Bars | Data Labels ] Series Order  Options l

-~

[ Crop lines

Gap width;

v High-low

3500

F00.0
=1l —=— ZEeh%
200.0 = min
T = median
150.0 - mux
100.0 Toth%
50.0 = | | '_l—
0.0 L . i
CRa3 G150

QI | Zancel

15. Click on the Patterns tab and repeat Step 10 for the 25" and 75™ percentile lines
to remove the remaining lines and markers. Now the graph should look similar

to this:

350.0
300.0 T 25th%
250.0 — min
200.0 — _
150.0 = median
100.0 = max

50.0 —ﬁ—@i 75th%

0.0 T
CR23 SG130
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16. Now you can begin to format the appearance of the chart. You can double-click
on the boxes to bring up the Format Up Bars window and change their color, add
shading, etc. Remove the legend and make your own (like the one below). Excel
doesn’t seem to have a legend that works for these graphs.

:1'_ [ ﬁxT
150 ——
Dedian —u —
258

Min

g

17. To change the scale or fonts, double-click on those specific parts of the graph
(such as the site names on the X axis or the numeric values on the Y axis) to open
the Format Axis window and change the formatting, scale, or font size.

18. To add a title, go to the Chart=» Chart Options=>» Title and fill in the appropriate
title. Also, lines can be added to the chart to indicate water quality standards. The
final box and whisker may look like this:

2004 Fecal Coliform TMDL Monitoring
350.0
Iviax —‘}T _
3000 { 73* —=
Median 5 —
2500 { °
= Mm:_:_]_
S 2000 === = Sz 200coil00m - L
S
—
= 150.0 -
o
o
100.0 1
0.0
CR23 SG130

Note: If there is a large degree of difference between the sites you may want to adjust the
scale to show the sites that are “crunched up” in a small data range. You could also
remove the sites.
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19. After completing the box and whisker plot, save the style so that you can skip
steps 1-12 the next time you want to create a box and whisker graph. Do save the
style, right click on the chart and select Chart Type. Click on the Custom Types
tab. Select the User-defined button. Click the Add button. The Add Custom
Chart Type window will appear. Name the new custom type “Boxplot” or “Box
and Whisker” and type a description. The necessary series order is an important
piece of information to put in the description box. Click OK when you are done.
An option for creating boxplots will appear among the chart type options.

Standard Types

i‘irt t‘*;':'ei = Add Custom Chart Type
Drebaulk
This dialog allows wou to make the active chark into a custom chart
bvpe.

Enter a kext name For the new cuskom chark: tyvpe.,

Enteratext description For the new custom chart bvpe,
Make sure there are series For the 25th
percentile, minimum, median, maximum, and 75th

percentile, in that order,

elect From
{+ |ser-defined
" Built-in

Ok, | Cancel

add. . |

®| Sek as default chart ‘ O, Cancel

If a custom chart type has been created for box and whisker plots, additional boxplots can
be made very easily and efficiently. Some of the steps in the process can be skipped. To
create a box and whisker plot using the custom chart type that was created in step 19, first
complete Steps 1 — 3. Instead of choosing the chart type indicated in Step 4, choose the
custom chart type created in Step 19: Chart Wizard=»Custom Types=» User-
defined=>»(Name of custom box and whisker plot chart type). Perform steps 5-8, and then
skip to step 13. If your columns were in the correct order

(25" > min>medianPmax=>75"), step 13 is also unnecessary and can be skipped. For
step 14, look at the preview of the chart under the Format Data Series=»Options tab to
determine whether or not you need to adjust the gap width. Step 15 and 19 can be
skipped, but steps 16-18 are still needed in order to adjust the appearance of the graph,
add a title, etc. The following page shows what Steps 4-6 will look like when using the
custom chart type for boxplots (created in Step 19).
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Chart Wizard - Step 1 of 4 - Chart Type

Standard Types l

Chart bype: Sample:
2004 Fecal Colform TMDL
3500 4
3000
2500
2200.0
i
Z150.0
=)
100.0
50.0 = =
-
0.0 — T .
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J {f? s ":@i"‘ T
Select From .
% User-defined Make sure there are series for the 25th
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@ Zancel | | Mext = | Einish |
!
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[aka Range | JeriEs ]
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[
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oz oo
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3.25 Measures of Association

Correlation matrixes, Pearson’s correlation coefficient, Spearman’s rank correlation
coefficient and serial correlation coefficient are all measures of association in data sets. In
other words, the purpose of determining correlation is to tell how closely x and y values
are related (i.e. water temperature and dissolved oxygen or turbidity and total suspended
solids).

Correlation matrixes are a graphical method of determining correlation. In Microsoft
Excel, x values can be plotted against y values in a scatter plot. This scatter plot can be
created using methods similar to those described in section 2.3. A time series plot may be
considered a correlation matrix of comparing water quality data to time. This can be used
as a quick way to determine correlation between two sets of data. The difference between
time series plots and correlation plots is that the data points are not chronological on
correlation matrixes and correlation matrixes can have parameters on both the x and the y
axis instead of just on the y axis.

In Microsoft Excel, a trendline can be added to the data plot by right clicking on the data
points and selecting “Add Trendline” and checking the “Display R*” box under the
“Options” tab in the Add Trendline window. A user can visually assess how well the
plotted points are clustered along the trendline and by observing the R* value. The R*
value also shows how reliably the equation of the trendline can be used to predict y
values based on x values. It is the square of the correlation coefficient. An R* value that is
close to 1 indicates a close association between x and y values.

Since not all trends are linear, using a trendline in Excel gives the user the advantage of
being able to create polynomial, exponential, logarithmic, and moving average trendlines.
When reporting results from trend analysis, creating a summary table of trend analysis
results may be preferable to pages and pages of correlation matrix graphs.

Plotting correlation matrixes is very helpful, but not always necessary. Direct calculation
of a correlation coefficient may be a desirable alternative for measuring the amount of
association between two sets of data. Correlation matrixes can be used to find
relationships between turbidity and total suspended solids, turbidity and transparency
tube readings, water temperature and dissolved oxygen, turbidity and dissolved oxygen,
turbidity (or total suspended solids) and phosphorus, flow and temperature, flow and
dissolved oxygen, or other parameter combinations.
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Figure 15. Example of a Correlation Matrix

Regression: Regression, as a statistic, can be used to find a relationship between two
variables and to estimate the value of one variable based upon the value of another.
Finding a relationship between two variables using regression is particularly useful
because, especially in water quality monitoring, rarely, if ever, is there a direct
mathematical relationship between variables. Although linear regression can be
calculated and plotted by hand using the equations and methods found in textbooks, the
goal of this document is to increase efficiency in data analysis. Therefore, the use of
Microsoft Excel for the creation of scatter plots and trendlines is recommended. In Excel,
a trendline (regression line) can easily added to a scatter plot. Sections 2.25 and 2.31 give
further instructions for creating and analyzing xy scatter plots in Excel. The equation
(including the slope) and the R? (coefficient of determination) value for the line can be
displayed on the graph as well.

Pearson’s product-moment correlation coefficient: This is a commonly used method of
correlation analysis that measures a linear relationship between two variables. Possible
values for the Pearson’s correlation coefficient range from -1 to 1. Negative values
signify a negative slope and positive values signify a positive slope. A value of -1
represents a perfectly negative linear correlation. A value of +1 indicates a perfectly
positive linear correlation. Values close to 0 indicate very little correlation between the
two variables. The closer the correlation coefficient is to -1 or +1, or the closer its square
is to 1, the more correlation there is between the two variables. The Pearson’s correlation
coefficient is calculated using the equation shown in the figure below, taken from the
EPA’s Guidance for Data Quality Assessment —Practical Methods for Data Analysis,
EPA QA/G-9.
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It can also be calculated using the Microsoft Excel equation: =PEARSON(,). To insert
this function into a cell, go to Insert>Function, highlight the statistical category of
available functions, and then double-click PEARSON or highlight it and click OK. A box
will then appear that will ask for the two data sets that will be analyzed for correlation
(array 1 and array 2). Excel also has a CORREL(,) function for calculating a correlation
coefficient.

Box 2-6: Directions for Caloulating Pearson’s Correlation Coefficient with an Example

Let X, X, ..., X represent one variable of the ndata points and let ¥, Y, ..., ¥, repressent a sscond
variable of the n data points. The Pearson correlation coefficient, r, between X and ¥ is computed by:

B B

. Yx Yy
, Pl a
S S S > 7 B
[3 - =%y - =2

Example: Consider the following data set {in ppk): Sample 1 — arsenic (X = 8.0, lead (¥ = 8.0;
Sample 2 - arsanic = 6.0, l=ad = 7.0; Sample 2 - arsenic = 2.0, lead = 7.0; and Sample 4 - arsenic = 1.0,
l=ad = 6.0.

e e na -]
Su-lo, Yoyezs, Yousans, Yoy oper, Yy - (el <001 =126
i=l i=1 =] =1

126 |:|?:||3.,':'I|

and r = [I.BL5
(1TilT) (28 e

[105 - =] [195 - ]

Since rig dose o 1, there is a sirong linsar relationship bebwesn thess tao contaminants.

Figure 16. Equations and Directions for Calculating Pearson’s Correlation
Coefficient by Hand

Spearman’s correlation is a method for calculating correlation coefficient that is less
sensitive to extreme values than the Pearson’s correlation coefficient and is not affected
by transformed data. For this method, the same equation is used for calculating the
coefficient as the Pearson’s coefficient, but there is a data transformation involved. The
values for each variable are changed to their rank within their respective data sets. This is
relatively simple to do in Microsoft Excel. New columns can be added to a spreadsheet
next to each column of raw or transformed data that is going to be used for the correlation
analysis. Input the rank of each value into its respective new column (Hint: the

Data>Sort function and the sort ascending (%l) button are useful for this task). Once the
ranks have been entered, the correlation efficient is determined for each variable’s
ranking data. If there is not a good statistical relationship between each variable
(Pearson’s coefficient), this type of correlation analysis will determine if larger values of
x correlate with larger values of y and smaller values of x correlate with smaller values of

y.
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For example, the Pearson’s correlation coefficient calculated to determine the correlation
between total suspended solids and flow at site #760 on the Thief River was only .27.
This indicates that there is not a strong relationship between the two variables. However,
the Spearman’s method resulted in a correlation coefficient of .74, which indicates a
stronger relationship than the Pearson’s correlation coefficient. This tells us that higher
flows at the monitoring site may be related to higher levels of total suspended solids,
even though there is not a linear relationship between the two parameters.

Using a correlation matrix to identify and remove outliers can help increase any
correlation coefficient. This affects the Pearson’s correlation coefficient more than it
affects the Spearman’s correlation coefficient, since the Spearman’s coefficient is
affected less by extreme values. After removing only two outliers in the site #760 TSS vs.
flow data set, the Pearson’s correlation coefficient increased from .27 to .55, while the
Spearman’s correlation coefficient only increased to .74 from .76. Since a data set with
nearly zero correlation can be made to look like one with a good correlation if enough
outlying data is removed, the practice of removing a large number of outliers in order to
improve correlation plots is not encouraged. Instead, analysis for association using the
Spearman’s correlation coefficient, transformation of data to natural log values, or using
polynomial trendlines in Microsoft Excel may be used if a correlation is not found with
other methods.

3.26 Pivot Tables

The user guide for Microsoft Excel describes a pivot table as “an interactive worksheet
table that quickly summarizes large amounts of data using a format and calculation
methods you choose. It is called a pivot table because you can rotate its row and column
headings around the core data area to give you different views of the source data.” (sic).
They are useful for summarizing large amounts of data, such as continuous monitoring
data, from which daily averages can be calculated from hourly data by creating a pivot
table. Tables can be created that summarize a data set using sum, average, maximum,
minimum, standard deviation, variance, count, or product calculations. The following is a
set of step-by-step directions that show how to create a basic pivot table. Although menu
composition, precise methods, and window appearance may vary among different
versions of Microsoft Excel, the basic process for creating the tables should be the same.

1) Open an Excel file that contains a worksheet with the raw data you wish to analyze.
2) Arrange the data so that columns represent fields and rows represent records.

3) Start the PivotTable wizard. There are two ways to do this.
a. Click on the Pivot Table Wizard button ( ) in the standard toolbar.
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b. Goto: View => Toolbars and select Pivot Table Wizard. The pivot table
toolbar will then be visible. Click on Wizard in the PivotTable pull-down
menu on the toolbar.

PivatTable - i
‘izard. ..
Select r
Formulas 3

£

4) The first step of the pivot table wizard will then appear as a window. For this
example, a pivot table will be created from an Excel database. Select the Microsoft
Excel List or Database option and the Pivot Table option and click Next.

PivotTable and PivotChart Wizard - Step 1 of 3

ank ko analyze?

{* Microsoft Excel lisk or database:)

Extermabdatasoarce
" Multiple consaolidation ranges
~

What kind of report do vou wank ko create?
{* PivotTable

" PivatChart (with PivatTable)

Cancel | Mext = | Einish

5) The next window will be PivotTable Wizard Step 2 of 3. Select the spreadsheet that
contains the source data. In the spreadsheet, select the range of cells containing the
data you’ll be working with, including the column headings (a must!). Select the
entire range at once. In the example window below, the “rvsdatal 101!$B$2:$K$237”
text in the box refers to the file name (rvsdatal 101) range of cells (B$2:$K$237) that
were selected. Click the Next button.
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PivotTable Wizard - 5tep 20f3=—— |

Click here to select the data that will
be used to create the pivot table.

Range: || Database Ili;l [ Select...
=] Cancel I [ « Back I |Next:r| | Finish

PivotTable Wizard - Step 2 o0f 3

Where iz the data that vou want 1o uze?

Where iz the data that vou want 1o uze?

Range: |[rvsdatal101136$2:$K$237 |7 | select..

=] [Eancel I [ « Back I |Next:r| | Finish

6) Now you’ll see the final step of the pivot table wizard (PivotTable Wizard Step
3 of 3 —see below). Click the appropriate option to tell the program whether you
want the table in a new worksheet, or in the one you are working in (in this case,
it will place the table in the existing worksheet with the upper left corner in cell
126. Note that you can specify a location by clicking the icon just to the right of
the box and selecting the location in the spreadsheet. Click the Layout button.

PivotTable Wizard - 5tep 3 of 3

‘Where do you want to put the PivotTable?

{0 Mesw worksheet

% Existing worksheet

[=31524 |5

Click Finizsh to create your PivotTable.

EJ [ Lavuut...] lﬂptiuni...] [ Cancel ] [ < Back ] Mext »
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7) You’ll see the following window (PivotTable — Layout). The boxes on the right

are the column headin ell range you selected in Step 6

(above).

=3 x k Y Gzl Construct yourRivotTable by dragging
| ! the field buttons ofwthe right ta the
i3 diagrarm an the left.
Y
DITE-HUE WATER T
[ DATE | [AYERAGE_|
PAGE COLUMMN
[_PH__| [NITRATES|
[ALKALINI] [TURBIDIT]
ROW DATA TIME
AIR_TEMPE

(coneer) ()

8) Select and drag each of the field buttons to its appropriate place in the diagram. In
this case, we want to create a table with the sites on the left of the table and the
dates across the top. This is shown by the window below. Note that you can
double click on the Count of pH field and you can proceed to the procedures
described in step 13 at this point. After dragging the fields to their desired
locations and/or selecting the desired summary statistics, Click OK to go back to
the PivotTable Wizard Step 3 of 3.

PivotTable Wizard - Layout

E=]) Conztruct wour PivotTable by dragging
i the field buttons on the right to the
T

diagram an the left,

[ . 2

[EITE_NUME [WATER_TE]
[_DATE_ | [AYERAGED]
PAGE D&TE__| COLUMN
CITE_NUME [ PH ] [HWITRATES |
KOMALALER BLEALINITY] [TURBIDITY]
RO DATA TIHE
AIR_TEME

Cancel | 0K I
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9) Next, click the Options button and make selections so that the options window
looks like the window below or make modifications to suit your needs, and then
click OK.

PivotTable Options

Name:  |Town Creek pH |
Format options
[1 Grand totals for columns Page layout: Lo, Miep e T2
Grand totals f
[ Grand totals far rows Fields per column: El@
[ &utaFarmat table

[ Subtotal hidden page items

[ Merge labels [ For error walues, shaw: :l
b Preserve formatting b For empty cells, show: |:|
Data options
Data source options: External data options:
[ Save data with table layout Save password
[ Enable drilldawn Background query
[ Refresh on open Optimize menary

Cancel I I

10) The window for PivotTable Wizard Step 3 of 3 will be active again. Click
Finish and the table will appear in the spreadsheet. Here’s the upper left corner of
the table based on this example. Note tlE field names.

26 Countof PH  |D&TE 4

27 |SITE MUMBER | 9/3/00 943000 10/1/00 10428700
28 BGR 128 O O O O
24 CFB&MY O 1 O 1
a0 ESHC 030 O O O O
al FC 1R O O O O
a2 FC 4.40 O O 1 O
a3 FC 453 ] ] 0 ]
a4 LOROM O O O O
a5 MB 080 O O O O

11) If the values for pH (in this case) are not the ones from the source data, it may be
because they are actually calculated values. In this case, the values that appear in
the cells are actually a count of the number of values in each cell of the source
data. This is stated in the upper left cell which says Count of PH. What if we
want to show the actual pH values? Unfortunately, PivotTables only display the
results of calculations (functions). In this case, the table is displaying the results
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of calculation which counts the number of values in each cell. This is easy to
work around. If we wish to view daily results for each site, we just need to select
another function that will return the original values.

12) To change the type of calculation, the Pivot Table toolbar will need to be open. If
it was not opened in Step 3 of these directions, open the View menu by clicking

on it, move your cursor to Toolbars, and select PivotTable. This toolbar will then
appear:

D a = = =
PivotTable ~ | i3 == 92 ¢ | € 5]
SITE_MUMHEB CAaTE FH ALK ALIMITY TIME
&4IR_TEMP WaAT TEMMFP  AVER AGE_0X MITRATES TUREBICITY

13) Select a cell from the results area“er a data label (Count of pH) in order to alter
the type of calculation. Click on PivotTable in the upper left corner of the
PivotTable toolbar. This is a pull-down menu. Select Field Settings from this
menu. The Field Settings option will only be available if a cell is selected as
described at the beginning of this step. The PivotTable Field window will open.
In the example below, Average was selected.

PivotTable Field

Source field: PH

E

Marme: [&verage of PH

Jummarize by: [ SdNEE ]
5

l::;lmwt % | Delete I
fverage —

Max | Number... I
Min

Product ||

Count Mums i | Options »» I

14) Click OK to view your completed pivot table.
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3.3 Trend Analysis

Most trend analysis that uses long term monitoring data is conducted to determine if there
are changes in water quality over time. It can even be used on data that spans a relatively
short period of time to show, for example, changes in water quality throughout the
duration of a storm event. Trend analysis can be used to show spatial trends, like changes
in water quality along the length of a stream. Whether it is applied temporally or
spatially, trend analysis can be used to identify areas where water quality is being
improved or degraded.

3.31 Graphical Trend Analysis Methods

Spreadsheet programs such as Microsoft Excel are a popular method for the easy creation
of graphs showing trends in data. Time series plots are created easily within this program.
Due to the seasonal variability of water quality measurements, however, identifying
trends can still be difficult. Software based regression analysis can be applied in order to
“smooth out” the variation and show overall trends over a period of time. Regression
analysis can be easily applied within Excel using a trendline. The methods below list the
steps necessary for creating a simple time series plot and add a trendline to see if there is
a trend in the data.

1. The quickest and easiest way to start a time series plot is to highlight the two
columns (or rows) of data that you will be using. Highlight the values within the
date column/row that you wish to use for the graph and, while holding the control
key down, select the corresponding values for your parameter as well.

2. Now that your data is selected, there are two ways to get to the chart wizard.

a. Click the chart wizard button on your tool bar. g
b. Click on the Insert pull-down menu and then click on Chart.

Insert Format Too

Warksheet

ﬂ Chart...

Page Break

| e Function. ..

1
b
L

3. You are now at Step 1 of 4 in the chart wizard process. Select XY (Scatter) from
the list of chart types. You may choose what you want the chart to look like from
the sub-type options on the right. Click Next > when you are finished.
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| Chart Wizard - Step 1 of 4 - Chart Type

Standard Twpes

Chart bype:

Cuskom Types l

Chart sub-tvpe;

M Colurmnn
E Bar
|ﬁ Lire
@ Fie

7 e (SCakker)

‘ Area

& Doughnut
@r Radar
e surface

®: EBubble

[ﬁ;ﬁ Stock,

oy
oy

Scatter with data points connected by

smoakhed Lines,

Press and Haold to YWiew Sample

o)

Cancel

| Mext = |

Einish

tab.

At this point, you can enter a name for your data series in the Name box, check to
see if your graph will turn out the way you want it to. If you want to add
additional data series to the chart, you can use the Add button to add another data
series for the purpose of comparing data sets. Once everything looks the way you
want it to, proceed to the next step by clicking Next. At any point, from this step
forward, you can click the Finish button and skip to Step 9 if you are satisfied
with the appearance of the graph. However, going through all the steps will result

in a more presentable graph.
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Chart Wizard - Step 2 of 4 - Chart Source [ata 2 E

el

DataRange | Sevies |

i Tatal Phosphoms
[ 05 5
| o4 ]Il

o

0z [+ Toni Phasphors]

01 *h

o] . . T T T T 1
ﬂllrfl HEHM TRE4N 12D 40N DR 1SN0 BIEE
-0 me i |- a—- | o ) L] ]
Saries

| [TotalPhosphonss = - |  mame:  |="Total Phosphorus* B
| KVEes:  |=5T1EA%44 60476 =%
|
| o veues:  [SS3IgNgaETe B
: fdd | REmove |
|
|
|
|
|
|

Cancel < Back :| Mt = I Einish |

6. In Step 3, you can edit details of your chart such as the chart title and axis labels.
Click next when you are finished to go to the next step.

7. In Step 4 of the chart wizard process, simply select where you want the chart to
appear and click finish.

8. Your time series graph is now complete. There are several aesthetic alterations
that can be made to the graph at this point by right clicking on the axis, data
series, or chart area and using the respective formatting windows.

9. To apply regression to your graph to try to find a trend, right click on your data
series and select Add Trendline.

10. The Add Trendline window will now be visible on your screen. Select Linear
for the graph type, and then click on the Options tab. Under this tab, you may
choose to display the equation on the chart, or display the r-squared value if you
so desire. Press OK.
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11. A trendline will now be visible on your chart. The slope of this line will indicate
the direction of the trend in your data.

If a linear trendline doesn’t show a trend, there are other types of trendlines to try. The
types available in Microsoft Excel include logarithmic, polynomial, power, exponential,
and moving average trendlines. A moving average trendline is particularly useful for use
on long-term monitoring data sets from sites that have experienced both upward and
downward trends over time.

3.32 Statistical Trend Detection Methods

If a trend is not easily detected by a time series plot or linear regression, this does not
necessarily mean that it does not exist. There may simply be some complicating factors
involved that will necessitate further statistical analysis. There are many factors that can
affect the determination of trends. These include seasonal variation, day-to-day variation,
and concentrations that vary with flow. One thing to consider when conducting trend
analysis is to try to compare “apples to apples” instead of “apples to oranges.” For
example, instead of viewing all data results at once, view just the results for one season
(or month) at a time to determine a trend. This concept and others are incorporated into
some more technical methods of statistical analysis for the detection of trends. Some of
the concepts introduced by the more technical methods found in Statistical Methods in
Water Resources by D.R. Helsel and Hirsch’s Statistical Methods in Water Resources
and the EPA Guidance Manual for Data Quality Assessment (G-9) can be applied to the
trend analysis that can be done with Excel. Most of the descriptions of statistical methods
found in Helsel and Hirsch are very technical while the EPA guidance manual (EPA
QA/G-9) and, hopefully, the manual you are reading right now do a better job of
explaining these methods in a more understandable fashion.

The different methods mentioned in Statistical Methods in Water Resources include the
Mann-Kendall test, parametric regression, LOWESS, seasonal Kendall test, data
transformations, and step-trend analysis. The EPA Guidance for Data Quality Assessment
covers trend detection methods such as regression, Sen’s slope estimator, seasonal
Kendall slope estimator, and hypothesis tests for detecting trends. A concept behind some
types of statistical analysis for trend detection involves disproving the null hypothesis,
which states that there is no trend. In other words, if there is not enough proof to say there
is not a trend, than a trend may exist. Some of the tests and techniques do approximately
the same thing that the Excel method described in Section 2.31 can do for you. Some
involve data transformations (natural log) to improve the performance of statistical tests.
Others involve techniques to determine a trend by reducing variability (seasonality) or by
reducing the influence of flow on results.

LOWESS (LOcally WEighted Scatterplot Smooth) is a nonparametric method used to
create a smooth line through a scatterplot. It is useful when there is a non-linear
relationship between time (x) and concentration (y). Adding a moving-average trendline
to a scatter plot in Microsoft Excel will essentially accomplish this type of plot.
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Dealing with seasonality: There are many exogenous variables (external factors) that can
affect sample results and make trend detection difficult. The variation of environmental
conditions from season to season is one of these exogenous variables. Sample results vary
from season to season within a year. This variation, due to weather, biological activity,
natural activities (wildlife), agricultural activity, groundwater influence, and surface
runoff influence, can make discerning a trend from an entire data set difficult. A
particular level of discharge can either come from either ground water or surface runoff,
depending on the time of the year, so seasonal stratification makes more sense than flow

stratification for trend analysis (unless there is enough data to stratify by both season and
flow).

In order to minimize the influence of seasons, data can be stratified by season. This way,
the sample results within each data set will have been influenced by similar
environmental factors. Finding a trend from summer data, for example, may be more
successful than trying to find a trend from data from all seasons. There may be upward
trends in some seasons and downward trends in others, even at the same monitoring site.
Trends may appear in seasonally stratified data that do not appear in the entire data set.
This may happen if both upward and downward trends exist for separate seasons that may
cancel each other out when all the data is combined. Seasonal strata can be quarterly
(four per year) or monthly (twelve per year). Quarterly stratification will yield a more
manageable amount of results than monthly stratification. Once data has been stratified,
the Excel method described in this document can be applied to each season’s data set to
create time series plots. The seasonal Kendall test and regression analysis are two
statistical methods that can be applied to seasonally stratified data in order to find a trend.

Sen’s Slope Estimator: For this nonparametric alternative method for finding a slope, the
slopes between each set of points in time are calculated first. The median of all these
slopes is then used as the overall slope.

Seasonal Kendall Test: This slope test can be used to account for cyclical trends. The
concept presented by this test is that a trend may be evident if slope is calculated for each
season, month, or week.

Mann-Kendall Trend Test: This method is used for testing a hypothesis for the purpose
of trend detection. This test involves calculating the statistic S by examining the
individual slopes between all possible pairs of data. A large negative value for S indicates
a decreasing trend. A large positive S value represents an increasing trend. The null
hypothesis, or Hy, is that there is no trend. The alternative hypothesis, Ha, is that there is
either an upward trend or a downward trend.

To calculate the Mann-Kendall trend test, list all observations in chronological order
from left to right horizontally across the top of the table beginning in the same corner of a
table as the horizontal lists. Also list all measurements except for the last chronologically
vertically from the top to bottom along the left side of the table. Each measurement is
then compared to previous measurements to determine whether there is a positive
difference or a negative difference.
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Within this matrix, the horizontal measurements are compared with those of vertical
measurements. The value from the vertical axis is subtracted from the value of the each
measurement on the horizontal axis. A plus or a minus is recorded to indicate whether the
relationship is positive or negative (values of 0 are not recorded on the table). The
number of pluses and the number of minuses are then added for each row and totaled at
the bottom of the table. The total number of minuses is subtracted from the total number
of pluses.

Original Time t, t. t, . t, {time from earliest to latast)
Measurament XX X X L X fachual values recorded)
X, XK XX XK L XX KX
X, KXy KX Xk XX
:.:n-: ':':l-l-':':h-: :.:u":':n-!
L L2,
After performing the subtractions this table comverts bo:
Original Time t, t. t, e by t, gof + #of -
Measuremeant x5 X X X, A x Differances  Differences
|':-I:I:| |'-:I:I:|
:.:I \rlll 1 '.'r-ll [ i '.Irlll
43 e n-Ta n2
:':n-: \rlil-l i e ~|r||n-:.
:':n-l "Ir"u
NZTE: XY=0 do not contribute to either total and are Todal #=0  Total # <0
cizzarded.
where ¥, = sign (X-X,)= + ifX-X =0
=0 ifX-X=0
= - ifX-X =0

Figure 17. "Upper Triangular' Data for Basic Mann-Kendall Trend Test with a
Single Measurement at Each Time Point (EPA Guidance for Data Quality
Assessment)
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Consider 5 measurements ordersd by the time of thair collection: 5, 6, 11, &, and 10. This data will be used to
test the null hypothesis, Hy: no frend, versus the altemative hypothesis H, of an upward trend at an « = 0.05
significance level.

STEF 1.  The data listed in order by time are: 5 6, 11, 8, 10.

STEP 2. Atriangular table (see Box 4-6) was used to construct the possible differences. The sum of signs of
the differences acrces the rows are shown in the columns 7 and 8.

Time 1 2 2 4 5 Mo of+ Mo. of
Data & &) 11 a8 10 Signs -
Signs

] + + + + 4 0

[§ + + + 3 0

11 - - 0 2

8 + 1 i

8 2

STEP 3:  Using the table above, S =8-2=6
STEF 4:  From Table &-11 of Appendix Aforn=5and S =6, p=0.117.

STEP 5 SinceS =0 but p=0.117 « 0.05, the null hypothesis is not rejected. Therefore, there is not encugh
evidence to conclude that there is an increasing trend in the data.

Figure 18. An Example of Mann-Kendall Trend Test for Small Sample Sizes (EPA
Guidance for Data Quality Assessment).

To save a little time, an equation can be used to arrive at the final table in Microsoft
Excel. An if-then equation like =I[F(H15<0,"-","+") can be used. This equation will
determine whether or not the value in a cell is below zero and if it is, it will display a
negative sign in its cell. It will display a positive sign for every value greater than or
equal to zero.

Create a copy of the table containing the difference calculations and replace the values in
the copy with the if-then equation. Start by placing the equation in one of the cells and
making sure that it works properly. Make sure the cell reference (H15 in the example)
points to the corresponding place in the original table. Copy the equation to the other
cells within the table where it is needed. If the cell reference is correct in the first cell, it
should be correct in the others as well because the cell reference within the equation
based upon the receiving cells position relative to the cell the equation is copied from.
Zero values will have to be entered manually if an if-then equation if an if-then equation
such as the example is used because zero values will be transformed into + signs when
the equation is initially copied across the table.
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Table 3. Table A-11 from Appendix A of the EPA Guidance for Data Quality

Assessment.
1] 1]

5 4 5 8 9 5 f 7 10
0| 0625 03592 0.548 0.540 1 | 0.500 0.500 01,500
20375 0408 0.452 0.460 3 | 0360 0,386 0431
4 | 0167 0242 0.360 0.381 5 | 0.235 0.281 0,364
6 | oo42 0117 0.274 0.306 7| 0136 0,191 0,300
8 0,042 0.199 0.238 o | 0.068 0119 0,242

10 00083 0,138 0.179 11| 0.028 0,068 0,190

12 0.089 0.130 13 | 0.0083 0035 0,146

14 0.054 0.090 15 | 00014 0015 0.108

16 0.031 0.060 17 0.0054 0.078

18 0.016 0.038 19 0.0014 0,054

20 0.0071 0.022 21 000020 0036

22 0.0028 0.012 23 0,023

24 0.00087 0.0063 25 0014

26 0.00019 0.0029 27 01,0083

28 0.000025  0.0012 29 01,0046

30 0.00043 31 01,0023

32 0.00012 33 00011

34 0.000025 33 0.00047

36 0.0000028 37 000018

39 0000058
41 0.000015
43 0,0000028
45 000000028
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Box 4-9: Directions for the Mann-Kendall Precedure Using Mormal Approximation
If the sample size is 10 or more, a normal approximation to the Mann-Kendall procedure may be used.

STEFP 1. Complete steps 1, 2, and 3 of Box 4-7.
-
STEP2: Calculate the variance of S: F15) W

If ies oocur, let g represent the number of tied groups and Wy represent the number of data points in

. | _ . _
the p™ group. The variance of S is: F{.5) = [mir-1)2n+5) Z w, (W, I :1[251']_. £ 51]
p=1l

-

& + ]
STEP 4: Calculate E=f ifS=02Z=0if5=0, or E=f if S =0
[Fi&E]™ [F&)
STEP & Ls= Table A-1 of Appendix A to find the crtical value z, , such that 10001 )% of the normal
distribution is below z, .. Forexample, if @=0.05 then z,_=1.645.

STEF G6: For testing the hypothesis, H, (no trend) against 1) H, (an upward trend) — reject H, if £ > 2z, or )
H; (a dowrmeard trend) — reject H; if Z =< 0 and the absolute value of 2= z,_.

Figure 19. Directions for the Mann-Kendall Procedure Using Normal
Approximation - for Samples Sizes Greater Than 10 (from EPA Guidance for Data
Quality Assessment).

Atest for an upward trend with =05 will be based on the 11 weekly measurements shown below.

STEP 1:  Using Box 445, a tiangular table was constructed of the possible differences. A zero has beon used
if the difference is zero, a "+" sign if the difference is positive, and a "-" sign if the difference is

negative.
Week 1 2 3 4 5 G 7 & 8 MmN Mo, of Ma. of
Data 10 10 10 & 10 20 18 17 15 24 15 +Signs - Signs
10 0 0 - 0 + + + + + + i 1
10 0 - 0 + + + + + + i 1
10 - [ + + + + + + [§ 1
1 + + + + + + + T (]
10 + + + + + + 5 (]
20 - - - + - 1 4
18 - - + s 1 3
17 - + s 1 2
15 T+ 0 1 0
24 - ] 1
25 12

STEFP 2: 5 ={=sum of + signs) - (sum of - signs) = 35 -13 = 22

STEF 3:  There are several observations tied at 10 and 15. Thus, the formula for tied values will be usad. In
this formula, g=2, t,=4 for tied values of 10, and t,=2 for ied values of 15.

&) ||~g|||[” L2011+ 5) = [dd= 1 2(dp+5) + 2{2- 1H2(2)+ 5)]] =155.33

&-1 22-1 20

STEP 4. Since Sis positive; £ = . .
[Fs] (155.33)" 12.46

[.605

STEFP 5. From Table A-1 of Appendix &, 2, s=1.645.

STEF 6:  H, is the altemative ofinterest. Therefore, since 1.805 is not greater than 1.645, Hy is not rejected.
Therafore, there is not enough evidence to determine that there is an upward trend.

Figure 20. Example of Mann-Kendall Trend Test by Normal Approximation for
Sample Sizes of 10 or More (From EPA Guidance for Data Quality Assessment).

-60 -



Table 4. Critical Values of t Distribution. Table A-1 from Appendix A of the EPA
Guidance for Data Quality Assessment (for Steps 5-6 in Figure 20).

TABLE A-1: CRITICAL VALUES OF STUDENT'S t DISTRIBUTION
= .
L
-«
Degrees of
Freedom 70 75 B0 RS 20 925 975 89 995
1 0.727 1.000 1.376 1.963 | 3073 6314 12.706 31821 63,657
2 0417 0.816 1.061 1.386 1886 2.920 4303 6.965 9.925
3 0.584 0.765 0.978 1.250 1638 2353 3182 4.54] 5.841
4 0.569 0.741 0.941 1.190 1.533 2.132 2.776 3,747 4.604
5 0.559 0.727 0.920 1.156 1.476 2.015 2.571 3365 4.032
& 0.553 0718 0.906 1.134 1.440 1.943 2.447 3.143 3.707
7 0.549 0.711 0.896 1.119 1.415 1 B85 2.365 2998 3490
2 0.546 0.706 0.889 1.108 1.307 1 860 2,306 2206 3.355
9 0.543 0.703 0.883 1.100 1.383 1.833 2.262 2821 3.250
10 0.542 0.700 0.879 1.083% 1.372 1.812 2228 2764 3169
11 0.540 0.687 0.876 1.088 1.363 1.796 2.201 2718 3.106
12 0.530 0.6895 0.873 1.083 1356 1.782 2,179 2.681 3.055
13 0.538 0,694 0.870 .07 1.350 1.771 2,160 2.650 3.o1z2
14 0.537 0.6892 0.868 1.076 1.345 1.761 2,145 2.624 2.977
15 0.536 0.691 0.866 1.074 1.34 1.753 2.131 2.602 2.947
1 0.535 0,620 0.865 1.071 1.337 1.746 2,120 2583 2.921
17 0.534 0.689 0.863 1062 1.333 1.740 2110 2567 2808
18 0.534 0,688 0.862 1.067 1.330 1.734 2.101 2.552 2878
19 0.533 | 0.6880 0.8al 1066 1328 1.729 2.0893 2539 2,84l
20 0.533 JBET 0.860 1064 1.325 1.725 2.086 2528 2.845
21 0.532 0.686 0.859 1.063 1.323 1.721 2.080 2518 2.83]
22 0.532 0.686 0.858 1.06] 1.321 1.717 2.074 2508 2.819
2 0.532 0.685 0.858 1.060 1319 1.714 2.069 2.500 2,807
24 0.531 0.685 0.857 1058 1318 1.711 2.064 2.492 2.797
25 0.531 0.684 0.856 1.058 1316 1.708 2.060 2485 2.787
26 0.531 0.684 0.856 1.058 1.315 1.706 2.056 2479 2.779
27 0.531 0.684 0.855 1.057 1.314 1.703 2.052 2473 2.T71
28 0.530 0.683 0.855 1.056 1.313 1.701 2048 2467 2,763
29 0.530 0.683 0.854 1.055 1.311 1 6520 2.045 2462 2.756
30 0.530 0.683 0.854 1.055 1.310 1.607 2.042 2457 2.750
40 0.529 0.681 0.851 1.050 1.303 1684 2021 2423 2.704
&0 0.527 0,479 0.848 1.046 1.296 1.671 2.000 2.390 2.660
120 0.526 0,677 0.845 1.041 1.289 1.658 1.980 2358 2.617
0.524 0.674 0.842 1.036 1.282 1 645 1.960 2326 2.576
Mote: The last row of the table {  degrees of freedom) gives the critical values for a standard normal distribution (z), eg.. t e
=% 00 = 1G4S,

Alternative Methods and Data Transformations: Some data sets may have non-linear
trends that won’t be found using methods for determining a linear slope coefficient. In
these cases (although not in all cases) transforming data before trend analysis may
increase the chance of success in finding a linear trend. Transforming the data into
natural log units is one way to do this. Create a linear trend line using the transformed
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data by using the methods described in a text book for linear regression or by using
Microsoft Excel (the easier way) to create a trendline through a time series plot or a time
graph of the data. Once a trend is found, the trend slope will be expressed in log units and
the percentage of change can be calculated by using the equation: (e — 1)*100, where m
is the slope of the linear trend in log units. Remember that m = slope in the equation of a
line (y = mx + b). Therefore, in the equation y = 2x + 3, the slope is equal to 2. For
example, the slope of the linear trend of the natural logs of spring total suspended solids
results from the Clearwater River at the USGS gauge near the town of Plummer,
Minnesota is .1804. When m (in log units) =.1804, the percentage of increase in spring
total suspended solids concentrations each year is 19.77%.

If events have occurred within the watershed of a particular monitoring site that may have
had an effect on water quality and the dates of these actions are known, they should be
considered during trend analysis. These actions could include the removal of a dam, an
upgrade to a waste water treatment plant, erosion control projects, impoundments,
implementation of buffers within the watershed, and lake restoration projects. The
original data set may be split into “before” and “after” data sets. Make sure that the data
split is based on the timing of the event and not based upon an examination of water
quality data, or bias may be introduced into the analysis processes and trend analysis may
show changes that aren’t really there. For more information on statistical methods for
trend detection, consult a statistics textbook or a free resource like the EPA Guidance for
Data Quality Assessment — Practical Methods for Data Analysis — EPA QA/G-9 — QA00
Update that is available for free online at http://www.epa.gov/quality/qs-docs/g9-
final.pdf.

3.4 Developing Load Estimates

Load estimates are used to determine the mass of a substance being carried by a river or
stream through a sampling site within a particular amount of time. Loads can be
calculated on an annual or a seasonal basis, depending upon how much data is available.
Annual loads can only be accurately estimated when there is a full year’s worth of data. If
a full year’s worth of data is not available, seasonal estimates can be done for the period
of time for which there is data available (i.e. April through October). By comparing
annual or seasonal loads, the relative impact that a watersheds or subwatershed is having
on water quality can be quantified.

There are a number of software programs that calculate loads and can estimate
annual/seasonal loads based upon flow and water quality data. Some of these are free
such as FLUX and Basins. Others can be somewhat expensive. The free versions are, in
some cases, preferred by resource professionals because the models and the methods used
within the models do not change as much as purchased software. This makes it easier to
compare results from different monitoring programs. The RLWD currently uses FLUX
for load estimation. It is a DOS-based program distributed by the U.S. Army Corps of
Engineers that was developed by Dr. William W. Walker. Some of the advantages of this
program are that it is reliable, relatively accurate, and provides a lot of information for
each data set. There are some negatives and annoyances that have been encountered with
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FLUX. The old version that was not Y2K compliant (this has since been fixed). Data has
to be transferred into Lotus spreadsheets before it can be loaded into the model - causing
extra work for Excel and Access users. The program is very fussy about the organization
of data within the spreadsheets. The user manual does not always cover the quirks of the
program very well. This section will provide some tips that will hopefully make the
learning process a little smoother for those who wish to use the FLUX program.

The first step in creating load estimates is the collection of data. Higher numbers of
samples will generally result in load estimations of higher accuracy. Also, the collection
of flow data is very important. Daily average flow data should be obtained for the entire
period of record that will be modeled. This can be done using flow data from a nearby
USGS gauge or by installing continuous stage recording equipment, collecting a range of
flow measurements, and creating rating curves to estimate flows based on the stage data.
For more information on stream gauging, flow monitoring, and the creation of rating
curves, see Section 9.0 of the Standard Operating Procedures for Water Quality
Monitoring in the Red River Watershed and Section 3.56 of this manual.

The next step is the preparation of data so that it can be used by FLUX. For this step, data
can be prepared and organized in Excel much more quickly and easily than in Lotus 1-2-
3. A separate work sheet is needed for each parameter and for flow. Creating a workbook
for each site and worksheets for each parameter within each workbook is recommended.
This is because there usually is less sampling data than flow data available.

If there 1s not a sample result for each day that there is a value for flow, there will be gaps
in the parameter data if it is placed in a column next to the flow data (within the same
table). FLUX reads from the top down in each column of data and when it encounters a
blank or zero value, it stops reading values, so if there are blank cells between results, not
all of the data will read by the FLUX program.

In the spreadsheet, a title on the first line of the table, and column headings in the second
row are another necessity. The DATE column headings should be typed in all capital
letters. Use consistent column headings for flow and other parameters. You will need to
remember what these column headings are (writing them down helps) when you are
telling FLUX where to find the data. Each individual worksheet within the workbook will
need to be saved as a .WK1 file if it has been created in Excel.

When saving the worksheets, put them in a location where the file path is easy to
remember (C:\model\Data\) The Lotus spreadsheet below is formatted to work with
FLUX. Keeping track (recording) file names, column headings, and date ranges is highly
recommended so a quick reference is available when bringing data into FLUX.
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ﬂ Lotus 1-2-3 Release 5 - [TSS760.WK1]
'g‘}' File Edit Yew Style Tools Range Window Help
Fa

=@

Name of the Site or other title in Al

=
o | e T F | & | w®w | 1 | 9 | k¥ | &
1 [THIEF RIVER #760 B
z DATE T | |
3 08/29 47 )
4 naiz?::% 1149 Remember the column heading (B2) of the
5 08/26/35 4.2 parameter data for later (write it down).
6 02/13/96 0.
7 07/31/96 27
8 11/04/96 6.8
] 0B/04/97 | 1152 Use DATE as the date column heading (A2) for all worksheets.
10 09/17/97 585
1 12/04/97 053
12 05/13/98 g
13 08/04/98 g
14 10/14/98 36
15 01,/05/99 5
16 04/06/34 41
17 06/25/39 23
18 10/21/38 12 ;
9 02124100 1 No Gaps in Data
20 04/18/00 49
21 07/18/00 46
22 10/17/00 10
23 03/01/01 4
24 04/17/01 3z
25 07/23/01 23 -
b < | [
Automatic || [&ial [12[31/044105 2:41 PM] [l I GET

Figure 21. Lotus Spreadsheet Configured for FLUX.

When the data to be analyzed has been set up in this fashion, the FLUX program can be
started. Once you have gotten to the main menu, you will need to tell the program to read
your data. Use the arrow keys to navigate the menu system from DATA down to READ,
and then down to RESET and then hit enter. The program will then switch to the FLUX
INPUT SCREEN shown below.

B C:\model\flux\FLUX. EXE

F1=HELP.

-5

F8=HELP~-FIELD

F2=DONE-SAVE. F3=EDIT FIELD. F?=HELP-EDITOR. <ESC>=ABORT

Figure 22. FLUX Input Screen.
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On the FLUX Input Screen (Figure 12), enter a title, such as the site name and the
parameter being analyzed. Then enter the DOS PATH, which is the location of the folder
in which the data is stored (store the flow data and parameter data in the same folder) as it
would appear in the address bar of Windows Explorer. In figure 12, the DOS path is
C:\model\DMData\. Be sure to include a backslash (\) at the end of the DOS path. If you
are unsure of the exact path for your data file, use Windows Explorer to find the file and
use the path shown in the address bar to get the correct file location. The FLOW DATA
FILE is the name (FLOW760) and extension (.wk1) of the Lotus file in which the flow
data is stored. FLOW LABEL is simply the column heading for flow within this
spreadsheet. SAMPLE DATA FILE is the name and extension of the file containing the
sample data and CONC VARIABLE is the column heading for the sample data.
Entering LOOKUP for the flow variable will tell the program to lookup the
corresponding flow for each sample result. SAMPLE DATE RANGE and FLOW
DATE RANGE are filled in with the beginning date on the left and the ending date on
the right. Press F2 when you are done. If everything goes right, you will get a screen with
the information listed below that lists statistics, such as the number of flow records and
the number of samples, like the one below. You can then hit escape until you get back to
the main menu.

Locating Sample File....

OPENING SAMPLE FILE = TSS760.WK1

SAMPLE CONCENTRATION FIELD = TSS
CONCENTRATION UNITS FACTOR = 1000.000000

Flow Scale Factor = .8937

Conc Scale Factor= 1000.0000
Reading Samples...

THIEF RIVER #760

NUMBER OF SAMPLES = 16
Reading Flows...

OPENING FLOW FILE = FLOW760.WK1
FLOW FIELD = FLOW

THIEF RIVER #760

NUMBER OF FLOW RECORDS = 6999
Substituting Daily Flows for Sample Flows
Flow/Concentration Pairs = 16

Missing or Zero Flows on Sample Dates = 0

If you receive an error instead of a list similar to the one above, you will need to check
the information entered into the FLUX INPUT SCREEN, especially the data file
location and file name. Check to make sure that the data in the spreadsheets is entered
correctly, and make sure the data is arranged correctly on the spreadsheet.

Once data is loaded into FLUX, one of the programs primary functions is calculating the
load over the time period specified. If multiple years of data are used, it will calculate the
average annual load. If the data is stratified by season and includes multiple years of data,
it can calculate the average load for each season.
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One of the most time consuming parts of using FLUX is the determination of which
calculation and stratification methods produce the most accurate results. The best
calculation method is found first, and then that calculation method is applied to several
different stratification schemes in an effort to find the lowest coefficient of variance. The
coefficient of variance is a measure of the accuracy of the estimate. A lower CV means a
higher level of accuracy in the model’s calculations.

FLUX uses several different calculation methods:

Direct mean loading

Flow-weighted concentration (ratio estimate)
Modified ratio estimate

Regression, first order

Regression, second order

Regression, applied to individual daily flows

A S

Fortunately, knowledge of how all these calculation methods work is not needed in order
to run the model. In order to choose the best calculation method for your data, you will
need to determine which method is the most accurate, or which method has the lowest
coefficient of variance. FLUX calculates this value. To find the method with the lowest
coefficient of variance, use your arrow keys to highlight CALCULATE in the main
menu. Highlight LOADS in the submenu that appears and press the ENTER key. In the
resulting window, there will be a list of annual load results for each calculation method.
Make note of which method has the lowest CV and press the Esc key to get back to the
main menu. In the example below, method 5 (CV = .147) will be the most accurate of the
six methods.

e C:Amode N luxAFLUX. EXE

USE KEYPAD, <F1>=HELF, <{F8>=SAUE, <{ESC>=QUIT OUTPUT
Figure 23. FLUX Calculated Loads Screen.
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The program must now be told to use the desired calculation method (#5 in the example)
for use in the subsequent calculation of loads. The program will apply the selected
calculation method to each stratification method that you apply to the data. To select a
calculation method, return to the MAIN MENU and highlight METHOD. Then, in the
submenu, highlight the chosen method and press the ENTER key.

BN C:\modelMlux\FLUX.EXE -0 x

Figure 24. Choosing a Load Calculation Method in FLUX.

Stratification is a process that splits the data into groups by flow or by time. A maximum
of five strata can be created in FLUX. Stratifying data can improve the accuracy of load
estimates, as long as there are enough samples. As with finding the best calculation
method, finding the best stratification method also involves trying to get the lowest CV
possible. In this example, data will be stratified by flow. FLUX will automatically set the
boundaries of flow strata.

To stratify using dates or another stratification system, use the General stratification
option and the number of strata needed under Stratify in the MAIN MENU. Then input
dates or other values to specify boundaries between strata.

After choosing the best calculation/estimation method, highlight LIST and then
BREAKDOWNS in the submenu and press ENTER to get the breakdowns by stratum.
Since the default stratification scheme is one stratum (no stratification), the breakdown
results will be for one stratum the first time you do this. Breakdowns show the number of
samples, flow volume per year in HM?/yr, FLUX in Kg/yr, total volume in HM?, total
mass in Kg, mean concentration in ppb, and the coefficient of variance (CV). Note the
CV value (.147 in the example below) and press ESC to return to the main menu. Now,
you will try to use additional strata in an attempt to decrease the CV.
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o IC:\model\fluxA\FLUX. EXE

USE KEYPAD, <F1>=HELP, <F8>=SAVUE, <ESC>=QUIT OUTPUT
Figure 25. Breakdowns Screen.

This step demonstrated in the screen shot below is used to test other stratification
schemes based upon flow by increasing the number of strata. In the main menu, with
DATA highlighted, use the arrow keys to get to Stratify, then Flow, then 2 Strata, and
then press ENTER.

e Ciimode\flux\FLUX. EXE

CALC METHOD: Q WID C

Figure 26. Path Through the Menu to Stratification.

FLUX will automatically stratify the flow into two categories.
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o IC:\model\fluxA\FLUX. EXE

F1=HELP, F2=DONE~SAVE, F3=EDIT FIELD. F?=HELF-/EDITOR,. <ESC>=ABORT
Figure 27. Stratification Screen.

FLUX will automatically use the mean flow volume as the boundary between Stratum 1
and Stratum 2. The flow levels for each category can be modified, but for the sake of
sticking to the basics, press the F2 key and then the ESC key to go back to the MAIN
MENU. To see if this stratification improves the CV, go to LIST == BREAKDOWNS
once again to see if the overall CV (the average values are in the bottom rows of each
table shown on this screen) is larger or smaller than the previous CV. If it is smaller, try
using 3 strata, or even 4 to find the smallest possible CV. A limiting factor for the amount
of stratification that can be applied to data is the number of samples in each stratum.
When there are too few samples per strata (too many strata), the FLUX program will
inform the user of this problem by displaying an illegal stratification error.

After you have achieved the lowest possible coefficient of variance, record the
breakdowns for the calculation method and stratification method combination with the
lowest CV. Note that, in Figure 17, the CV was lowest using calculation method #5
(regression, second order) and, using this calculation method, the CV was lower with two
strata than for one stratum (.130 vs. .147, respectively). Adding another strata did not
reduce the CV any further.
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B C:\model\flux\FLUX. EXE -8 x

Figufe 28. Noting the Coefficient of Variance.
When the most accurate method has been found, the values for flow (cubic hectometers
per year), flux (Kilograms per year), total volume (hectometers), mass (Kilograms), and
flow-weighted concentration (parts per billion) can be recorded from the breakdowns

page.

FLUX can also be used to evaluate your monitoring program. Modeling results can be
biased based upon the distribution of samples. Since most of the sediment and nutrient
loading from rivers occurs during high flows, the majority of samples should be collected
during high flows to achieve the most accurate annual load estimations. FLUX contains a
function that determines the optimal percentage of samples that should be collected for
each stratum. When the data has been stratified by FLUX, whether by flow or temporally,
the distribution of the sample data with the optimal distribution of samples can be
compared. For example, under a flow stratification system of high versus low flows, the
majority of samples may have been collected during low flows, but the optimal
distribution that FLUX calculates will show that the majority of the samples should be
collected during high flow periods. Using this comparison, a monitoring program can be
adjusted to, for example, collect more samples during high flow periods than during low
flow periods if one of the goals of the program is the calculation of annual or seasonal
loads. These calculations of optimal sample distributions are found in the optimal sample
allocation section of the breakdowns screen (see Figure 28). NE%b is the actual
percentage of samples in each stratum. NEOPT % is the optimal percentage of samples
in each stratum. Below this section, FLUX gives the CV that would have been obtained if
the samples were optimally distributed among the strata. In the Figure 28, the CV could
have been reduced from .130 to .093 with an optimal sample allocation.
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3.5 Other Data Assessment Techniques

Complicated statistical analysis is not always needed for the assessment of data. Water
quality results for a monitoring site can be assessed using techniques that involve only
simple statistics and/or calculations. Calculations can be performed on data in order to
assess the health of a lake (Carlson’s Trophic State Index). Data can also be compared to
standards in order to determine if a body of water is impaired.

3.51 Carlson’s Trophic State Index

The Carlson’s Trophic State Index (TSI) is a means of measuring the level of
productivity of a lake. Higher TSI scores are caused by higher phosphorous levels, higher
chlorophyll-a levels and lower Secchi disk (transparency) levels. Lower TSI scores mean
better water quality for recreation, greater transparency, and an absence of nuisance algae
blooms. Higher TSI scores indicate poor water quality for recreation (not suitable for
swimming), low transparency, and the frequent occurrence of nuisance algae blooms.
Although clear water is desirable for recreation, some nutrients are needed to support
aquatic life (fish). If too little nutrients are available, the lake is considered oligotrophic
(oligo = few, trophic = nutrients).

An example of an oligotrophic lake would be a lake that has recently formed in a gravel
pit. When there is a medium amount of nutrients available in a lake, it is considered to be
mesotrophic (meso = medium, trophic = nutrients) and has a good balance between
nutrients for aquatic life and water quality for recreation. A lake that has a high amount
of nutrients is considered to be eutrophic (eu = good, trophic = nutrients). If a lake has an
excessive amount of nutrients, it is considered hypereutrophic (hyper = over or
excessive). Many lakes become eutrophic or hypereutrophic over time. This progression
occurs naturally over time, but has often been hastened by human activities, such as the
disposal of raw sewage. Lake restoration projects that reduce the amount of nutrients
within a lake’s water column can help reduce the TSI level and improve water quality.

A Carlson’s TSI value can be calculated for each of three water quality parameters: total
phosphorous (limiting nutrient for algae growth), chlorophyll-a (amount of algae
present), and Secchi disk readings (transparency). There is a different equation for each
parameter. Phosphorous and chlorophyll-a readings should be converted to parts per
billion (ppb or pg/L) and Secchi depth readings should be expressed in meters. See the
Standard Operating Procedures for Water Quality Monitoring in the Red River
Watershed for sampling techniques. Remember that In refers to the natural log of a
number.

Total Phosphorous TSI = 14.42 In(Total Phosphorus concentration in ppb) +4.15
Chlorophyll-a TSI = 9.81 In(Chl-a concentration in ppb) + 30.6

Secchi Disk TSI =60 — 14.41 In(Secchi Disk depth reading in meters)
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The following information is a description of Carlson’s Trophic State Index system based

upon the EPA’s

Lake and Reservoir Restoration Guidance Manual with a color diagram

from the Volunteer Surface water Monitoring Guide.

TSI <30 Classical oligotrophy: Clear water, oxygen throughout the year in the
hypolimnion (bottom of lake), salmonids fisheries (trout) in deep lakes.

TSI30-40 Deeper lakes still exhibit classical oligotrophy, but some shallower lakes
will become anoxic in the hypolimnion during the summer.

TSI 40 —50 Water moderately clear, but increasing probability of anoxia in
hypolimnion during summer.

TSI 50—-60 Lower boundary of classical eutrophy: Decreased transparency, anoxic
hypolimnia during the summer, macrophytes problems evident, warm-
water fisheries only.

TSI 60 —-70 Dominance of blue-green algae, algal scums probable, extensive
macrophytes problems.

TSI 70— 80 Heavy algal blooms possible throughout the summer, dense macrophytes
beds, but extent limited by light penetration. Often would be classified as
hypereutrophic.

TSI>80 Algal scums, summer fish kills, few macrophytes, dominance of rough
fish.
Qe irophic Mast rop fc Eirropiac Hypargrirophic
W B M 3/ 4 45 0 55 B B 70 75 8
15 1087654 3 2 15 1 05 0.3
Trarmsparancy (m)
05 i 2 34 57 10 15 30 40 &0 80 100 150
Cfaforoplryi-a (ppt)
3 57 10 15 2025 30 40 50 61 BY 100 150
Total phosphoms (ppb)
AHer Moore, 1. And K. Thornion, [Ed.]1988. Lake ard Resenoi Restoration Gudarce Mameal,
{Doc. No. EPA 440/5-88-002.)

Figure 29. Carlson's Trophic State Index.
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3.52 Temperature and Oxygen Profiles

Lakes undergo processes called mixing and stratification. When a lake is stratified it
forms three layers. These layers are stratified by both temperature and dissolved oxygen.
The top layer, or epilimnion, is well-mixed, relatively warm, and has plenty of dissolved
oxygen. The bottom layer, the hypolimnion, is isolated from mixing during periods of
stratification and is significantly colder than the epilimnion. The hypolimnion may also
experience hypoxia (low levels of dissolved oxygen). In-between these two layers is a
transition layer that is referred to as the thermocline or the metalimnion.

Mixing is caused by wind and wave action, as well as turnover in stratified lakes. Mixing
can introduce nutrients from the bottom of the lake into the water column. Stratification
can prevent mixing below a certain depth in the lake, below which dissolved oxygen will
begin to be depleted. Shallow lakes may remain mixed all year due to wave action.
Deeper lakes are likely to be stratified during the summer. The extent of mixing that is
experienced by a lake may increase during storm events with strong winds, or by
increased boating and personal watercraft activity.

Knowing whether or not a lake is stratified can be useful in interpreting water quality
data. This is why water temperature and dissolved oxygen profiles should be collected
when conducting lake monitoring. A lake that was previously stratified and has become
mixed may have higher TSI scores during the mixed period. Anoxia in the hypolimnion
of a lake may have a negative effect upon benthic macroinvertebrates, which are a food
source for fish. Sometimes, the fact that a lake is stratified or mixed is easy to discern by
simply looking at the field data sheet. To confidently assess whether or not a lake is
stratified and to determine the depth of layer boundaries, the creation of graphs using a
program like Microsoft Excel may be necessary. This can be done by simply creating an
XY scatter plot with depth on the Y axis (with 0 at the top and the largest number at the
bottom) and dissolved oxygen and/or temperature on the X axis. If the plot is a nearly
vertical line or has a consistent slope, then the lake is mixed. If the plot starts out straight
for a few meters at the top of the profile (near the water surface), then is angled (usually
indicating decreasing temperature and dissolved oxygen), and then becomes nearly
vertical again at the bottom of the profile (at a lower temperature or dissolved oxygen
concentration than at the top of the profile), the lake is stratified. See the examples below.
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9/18/02 Clearwater Lake Profiles
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Figure 30. Stratified Profile.
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Figure 31. Mixed Profile.
3.53 Assessment for Determination of Impairment

One major use of water quality data is for the assessment of streams, rivers, and lakes for
impairment. The USEPA requires that states conduct water quality assessments. The
MPCA conducts these assessments in Minnesota. When waters are found to be impaired,
a TMDL (Total Maximum Daily Load) study is conducted on the water body to
determine the cause of the impairment and to determine the extent of nutrient reductions
that are needed for the stream to meet its designated uses. The MPCA uses water quality
data from the EPA STORET database for these assessments. This is likely due to the
accessibility of the data (central location) and the fact that data has to pass a certain
amount of QA/QC requirements before it is entered into the database. These assessments
currently take place on a biennial basis. The assessments are conducted on odd years.
Reports and lists of impaired waters are published on even years. There are two reports
that are required by the Federal Clean Water Act. The 305(b) report is a report of all
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assessed waters. Waters that have been found to be impaired are listed in the 303(d) list.
The assessments rely heavily upon locally collected data from agencies and volunteers.
Submitting updated data to the MPCA prior to these assessments is important for
ensuring that the waters being monitored are accurately assessed by the MPCA. There are
different assessment methods for different types of parameters. There are also minimum
data requirements for each parameter. The methods are described in detail in the MPCA
Guidance Manual for Assessing the Quality of Minnesota Surface Waters for
Determination of Impairment 305(b) Report and 303(d) List.

RLWD water quality data is used for the assessment of fecal coliform levels, as well as
conventional water quality parameters such as dissolved oxygen, pH, turbidity, and
temperature. Fecal coliform assessment uses numeric standards for the protection of
recreation. Conventional water quality parameters are assessed using numeric standards
for the protection of aquatic life. The percentages of samples that exceed the numeric
standard are calculated for all parameters and are used in the assessment process. If
greater than 10% of the most recent 10 years of conventional pollutants and water quality
characteristics (dissolved oxygen, pH, turbidity, and temperature) exceed the standard,
then the site is listed on the 303(d) list of impaired waters. The site is also listed in the
305(b) report as either partially supporting or not supporting instead of fully supporting,
based upon the percentage of Exceedances (see Tables 5-9 below).

The fecal coliform assessment process adds a second step to the assessment process. The
calculation of the percentage of samples that exceed the numeric standard is used as a
screening process to weed out sites which are not likely to be impaired. If less than 10%
of the samples exceed the standard, then the site is listed in the 305(b) report as fully
supporting of recreation. However, if 10% or more of the samples exceed the standard,
then another assessment is performed on the data. All fecal coliform data from the most
recent 10 years is grouped by calendar month. For example, all results collected during
the month of July in the last ten years would be in one group. A geometric mean is then
calculated for each month. If any months have a geometric mean greater than the
standard (200 col/100ml), there is impairment for fecal coliform at the monitoring site.

Assessment un-ionized ammonia also involves methods that differ from conventional
parameters. The un-ionized form of ammonia is toxic to aquatic life, particularly for
sensitive species and fish in sensitive early life stages. The level of un-ionized ammonia
is dependant upon pH, temperature, and the total ammonia concentration. Temperature
and pH are used to determine what fraction of the total ammonia concentration is in the
un-ionized form. There are two standards for un-ionized ammonia. For Class 2A waters,
the standard is 0.016 mg/L, and the standard for Class 2Bd, B, C, and D waters is 0.04
mg/L. To calculate the fraction of total ammonia that is in the un-ionized form, use the
following equation (from an Excel spreadsheet given to the RLWD by the MPCA —
AMMACUTE.xls) and then multiply the result by the total ammonia concentration.

Percentage of total ammonia that is in the un-ionized form =

[1 / ((10/\ (((2730 / (temperature + 273.16)) + 0.09) - pH)) + 1)] x 100
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Table 5. Minnesota State Water Quality Standards.

Pollutant Category Method for Comparison
Conventional Pollutants and Percent exceedance of daily minimum, daily average
Water Quality Characteristics (minimum of 10 values in most recent 10 years)

e Low Dissolved Oxygen Dissolve Oxygen Criteria
e pH e (Class 2A. Not less than 7 mg/L as a daily minimum
e Turbidity e C(Class 2Bd, 2B, 2C. Not less than 5 mg/L as a daily
e Temperature minimum
e (lass D. Maintain background
e C(lass 7. Not less than 1 mg/L as a daily average
pH Criteria
e Results should fall within the range: 6.5 — 8.5
Tubidity
e C(Class 2A: 10 NTU
e C(Class 2Bd, 2B, 2C, 2D: 25 NTU
Temperature
e No material increase*
Fecal Coliform, Step 1 Percent exceedance of criterion of 200 col/100ml.
(minimum of 10 values in 10 years)
Fecal Coliform, Step 2 Number of months with exceedances of the criterion of a
geometric mean of 200 col/100 ml.
(minimum of 5 values over 10 years for each aggregated
calendar month)
Fecal Coliform, Step 2 Percent exceedance of criterion of 2000 col/100ml.
(minimum of 10 values in 10 years)

*A demonstration of a “material increase” means that temperature data must show a statistically
significant increase when measured, for example, upstream and downstream of a stream modification,
upstream an downstream of a point or nonpoint heat source, or before and after a modification that might
impact stream temperature. Temperatures must be for similar time frames such a weeks or seasons.

Table 6. Summary of Data Requirements and Exceedance Thresholds for
Assessment of Conventional Pollutants and Water Quality Characteristics (MPCA
Guidance Manual for Assessing the Quality of Minnesota Surface Waters for
Determination of Impairment).

Impairment Period of Minimum No. Use Support or Listing Category
Assessment Record of Data Points Based on Chronic Standard Exceedances
For

Chronic Standard Exceedance Thresholds — < 10 % 10— 25 "% =25 %
305(b) Most recent 10 Fully Partially Not
Report L) years Supporting Supporting Supporting
3030d) List Most recent 107 Not Listed Listed Listed
(TMDL) 10 years
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Table 7. Step One of Assessment of Waterbodies for Impairment of Swimming Use -
Data Requirements and Exceedance Thresholds for Fecal Coliform Bacteria.

Impairment Period of Minimum Use Support or Listing Category

Assessment Record No. of Data Based on Exceedances of

For Points 200 oras/100mL

Standard Exceedance Thresholds —» = 10 % > 10 %

305(h) Most recent 10 Fully Supporting Potentially

Report 10 years Supporting. go to
step 2

303(d) List Most recent 10 Not Listed Potentially

(TMDL) 10 years Supporting. go to
step 2

Table 8. Step Two of Assessment of Waterbodies for Impairment of Swimming Use -
Data Requirements and Exceedance Thresholds for Fecal Coliform Bacteria.

Impairment Period of Minimum Use Support or Listing Category
Assessment Record No. of Data Based on Exceedances of
For Points The Fecal Coliform Standard
Standard Exceedance Thresholds — | No months lor2 More than 2
Monthly geometric mean = 200 orgs/100 ml months months
305(h)y Most recent see text Fully Partially Not
Report 10 years Supporting Supporting Supporting
303(d)y List Most recent see text Not Listed Listed Listed
i TMDL) 10 vears
Standard Exceedance Thresholds — < 10 % 10 - 25 % >25 %
Exceeds 2000 orgs/100 ml*
305(hy Most recent 10 Fully Partially Mot
Report 10 years Supporting Supporting Supporting
303(d)y List Most recent 10 Not Listed Listed Listed
i TMDL) 10 vears

* In full data set over 10 vears. Maximum of 400 orgs./100 ml for Class 2A waters
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Table 9. Data Requirements for Statewide Water Quality Assessments.

alkalinity, stream TP

Pollutant Assessed
category Parameters (or steps) for Period of record Minimum number of values
Pollutants with  Un-ionized ammonia {total ~ 305(h) Maost recent 10 years 5, within a 3-yr. period*
toxicity-based ammania, pH & tempera-
standards ture) %, chlaoride 303(d) Maost recent 10 years 5, within a 3-yr. pariod
Conventional Dissolved oxygen, pH, tur-  305(h) Most recent 10 years 10 (minimum of 20 for turbidity based on total sus-
pollutants and  hidity, temperature pended solids)
water quality
characteristics 303(d) Most recent 10 years A0 (minimum of 20 for turbidity based on total sus-
pended sclids)
Fecal coliform  Step 1 (screening for 305(h) Maost recent 10 years 10
bacteria® potential problem)
303(d) Maost recent 10 years 10
Step 2 —impairment deter-  305(h) Maost recent 10 years 5 per month (to calculate mean); at least 3 months
mination via monthly geo-
metric mean 303(d) Maost recent 10 years 5 per month (to calculate mean); at least 3 months
Step 2 —impairment deter-  305(h) Most recent 10 years 10
mination via individual
max. values 303(d) Most recent 10 years 10
Eutrophication Total phosphorus (TP), 30s(b) Measurements col- At least one TP, Secchi disk or chlorophyll a meas-
of lakes chlorophyll a, Secchi disk lected from June to urement
(effects of transparency Sept. over the most
excess nutri- recent 10-year period
ents)
303(d) Measurements col- At least 12 measurements (12 separate sampling
lected from June to dates) for each of TP, Secchi disk & chlorophyll a
Sept. over the most
recent 10-year period
Impairment of  Index of Biotic Integrity® 305(b) Most recent 10 years Can be based on a single biological monitaring
the biological event on a given reach
community
303(d) Most recent 10 years Can be based on a single biological monitaring
event on a given reach
Supporting TSS, total Kjeldahl nitro- 305(h) Maost recent 10 years Az available; supports assessments
water quality  gen, nitrite-nitrate nitrogen,
data conductivity, 5-day bio-
chemical oxygen demand,  303(d) Maost recent 10 years Az available; supports assessments
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3.54 Comparisons to Ecoregion Reference Streams

Official water quality assessments by the MPCA are conducted using standards that apply
to the whole state. However, water quality can very naturally among different soil types,
land uses, land surface forms, and potential natural vegetation. Therefore, assessing
results from a water quality monitoring program by comparing them with standards that
reflect local conditions may be desirable. The MPCA and the EPA have each created
standards based upon ecoregions. Ecoregions are areas of homogenous ecological
characteristics and are defined by climate, landform, soil, potential natural vegetation,
hydrology, or other ecologically relevant variables. Ecoregion standards are particularly
useful in the Red Lake River Watershed, which falls within four different ecoregions.

In order to correctly compare water quality data, some statistical analysis is necessary.
Since these standards are listed as quartiles, you will need to find the corresponding
quartiles for your monitoring data before you can compare the results with the ecoregion
values. See Section 2.21 for instructions for finding quartiles. An example use of this
analysis for a water quality report would be a table of the 75™ percentile values for each
parameter for each monitoring site, with the ecoregion values listed at the top of each
parameter’s column as a reference.

Ecoregions and
Hydrologic Basins

E Baan
L]
[ ] Fiivar Vobay
1 Morthem Minmesola Wallands
N mesihwre Lakas wn Frorssis
Harth Cenlral Hardwood Foresls
I Dviftles Area
‘Waesterm Comn Bait Plains

Tedar
River Basin River Basin

Figure 32. Minnesota Ecoregions and Hydrologic Basins. (From MPCA Website).
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Table 10. Water quality of least impacted streams by ecoregion — Red River Basin
Ecoregions within Minnesota (at 75th percentile).

Parameter NLF  NCH RRV

Conductivity 270 340 658 250 1100 | 790
pH 7.9 8.1 8.3 7.9 8.2 8.2
Total Suspended Solids 6.4 16.1 56.5 17.2 65.5 57.5
Total Ammonia 0.20 0.22 0.29 0.20 0.31 0.39
Nitrates and Nitrites 0.09 0.29 0.20 0.08 0.52 5.62
Total Phosphorus 0.052 |0.170 |0.322 ]0.092 | 0.271 | 0.340
Fecal Coliform 20 330 230 50 700 790
Temperature (Celsius) 17.6 20.0 19.9 17.2 20.5 19.2
Turbidity 4.3 8.5 23.0 10.0 23.7 22.0
Biological Oxygen Demand BoD)5 | 1.7 3.4 4.2 2.2 4.5 5.6

Table 11. Ecoregion lake water quality summary (summer avg. values by

ecoregion)
Parametar Nerther Lakes Nerth Cantral st Com Nerffham
amd Foresis Hardwood Forests Halt Plains (Gigciated Plains
Total Phosphorus {mal) 14 - 27 23 - 50 65 - 150 130- 250
Chlonophyll mean {mg'l 4-10 h-22 an-gil -5
Chlorophyll maximum {mgel) =18 7-ar G0 - 140 40 - o]
Zacchi Disk (feat) g-1i 49-105 16-33 1.0-33
Todal Kjeldahl Mitragan {ma) 04-0.73 < 060 -1.2 13-27 18-23
Hitrita + Mitrata-N {rmg1) <1.01 <001 0.01 -0.02 0.01-04
Akalinity (g} 40 - 140 Ta- 150 125 - 165 160 - 260
Calor (PECo Units) 10 -35 10-20 15 - 25 -
pH (5.0} 72-83 g6-88 B2-00 8.3-86
Chlorida (mg/l) 0g-1.2 4-10 13- 22 11-148
Total Suspended Solids (mo) 112 2-B 7-18 10- 3
Todal Suspended Inorganic Solids imod) 21-1 1-2 3-8 5-15
Turbidity (NTU) <1 1-2 i-8 6-17
Canductivity {mmhoscm)] a0- 250 300 - 400 200 - RS0 E40 - Ao
TH:TF ralio 251 - 351 251 - 53541 171 - 274 71 -181
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Table 12. Water quality summary of reference streams by ecoregion: interquartile
range (25th — 75th percentile) and 5th - 95th percentile range.

Farameter

Total Phosphorus (mod)
Hitrite +

Hitrte-N {mp/Lj

Fecal Coliform

Bactaria

pH {50

Tarnperalure (°C)

Total Suspended Solids img)
Turbidity (NTU]

Conductivity (mmhos'cm)

*Diarivedd from MeCollor and Haiskary (19835,

Nortfrarm Lakes Moty Cantral
amd Forests Hardwood Forests
30-50 0-170
010 -0.03 00 -n1z2
001 —0.08 0o -n1se
20 - 50 20 - 70

4 -130 20 - 10000
T5-78 j0-84
70-81 T5-8E
15-22 20-24
1.1-25.0 14 - 27
2-% g-18
ne-13 4-45
1-4 5-10
08-75 23-18
120 - 260 250 -H0
41 - 20 170 - %50

astern Com
Halt Plains
210 - 350
0.8 -850
0ol -12
130 - 1200
40 - 2200
g0-83
78-85
18 - 24

14 - 28
2B-Th

12 - 200
14-27.0
6.3 -54.0
530 - 810
320 - M0

Moriram
Glaciated Flains
160 - 200
0.01-043
0o -25
110 - 790
28 - a0
81-83
T8-85
2.2
13-2
-2
12-180
-7
a1-77
760 - 980
510-1300
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Table 13. Ecoregion Lake Water Quality Summary (Summer Average Water
Quality Characteristics for Lakes by Ecoregion).

Parameter
Total Phesphaorus

g/

Chioraphyll
mean {ug/l)

Chloraphyll
maximum (ug/l)

Secchi Disk {feet)
(rmeters)

Total Kjeldahl
Nitragen (mg/l)

Mitrite + Mitrate-N
(mg/)

Alkalinity (mg/1)

Color {Pt-Co Units)

pH(SU)

Chiaride {mg/)

Total Suspended Solids
(mgh)

Total Suspended Inarganic
Solids {ma/)

Turkiclity (NTU}

Conductivity (umhas/cm)

TM:TP ratio

Maorthern Lakes

and Foresis

14-27

<10

<15

8-15

(2.4 -4.8)

<0.75

43 - 140

=i

L
i

L

o

7.2-8.3

=2

<1 -2

<1-2

<2

50 - 250

ns
&
—
[A]
o

" Based an interguartile range (2510 - 75k percentile) for ecoregion re
3.4, and G, B, Wilson (1550},

Morth Central
Hardwood Farests

23-50

<0.01

10 - 20

8.6-8.8

farerce lakes.

Western Carn
Belt Flainsg

85 - 150

24 - 80

0.01-002

Narthern

lacl Plain

130 - 250

40 - 50

8§3-8.86

11-18

10- 30

Derived in part from Heiskary,
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Table 14. Minnesota Lake Water Quality Summary (1994). Distribution of Carlson
TSI Values and Lake Basin Morphometry Measurements by Ecoregion (N =
Number of Lakes).

Nerthern Lakes and Forests

Parcentiles

MY
DATA FParamerter ] 95 90 75 50 25 if s Parcentile
Area (acres) 979 20 3B 51 227 506 1,423 2,530
Depth (feet) 874 10 13 23 37 a0 20 115
TSI-P R27 3a 37 44 50 535 6l 83
TSI-Chla 267 a5 8 42 49 56 53 1]
TSI-Secchi 785 34 16 39 44 50 6 &0
T3I-Mean 587 35 a7 41 &7 52 E7 61
North Central Hardwood Forests
MY
DATA Paramerer M g5 1] 75 50 25 1o 3 Percentile
Area (acres) 676 23 42 96 223 556 1,317 2,395
Depth {fear) 578 a8 il 19 3z 50 73 a4
TSI-P 483 46 4% 55 T T4 34 a9
TSI-Chla 431 44 48 53 63 69 75 77
T5I-Secchi 666 40 2 47 54 63 i0 77
TSI-Mean 700 41 44 50 58 a7 73 17
Wastern Corn Belt Plains
MY
DATA Parameter o 95 90 75 By 23 10 3 Parcentile
Area (acres) B5 33 118 204 362 604 1,844 2,900
Depth (feet) &7 3 5 7 a 17 30 48
TSI-F 72 83 e85 7 76 g3 a7 23
TSI-Chla 5 57 80 63 71 73 2 36
TS5I-Secchi 85 533 56 2 70 73 a3 83
T5I-Mean B9 549 63 67 73 77 a1 B4
Northern Glaciated Plains
MY -
DATA Parameter N a5 B0 75 50 25 10 5 Percentile
Area {acres) 30 a1 133 220 496 1,193 4,250 1,528
Depth (feet) 19 4 & 3 3 14 13 P
TSI-P 24 72 73 76 81 a6 a7 93
TSI-Chla 20 57 63 65 63 73 an 81
TSI-Secchi 29 49 51 57 65 i0 73 77
TSI-Mean in 49 6l &7 71 75 30 82
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3.55 Biological Assessments

Another way to assess the condition of a stream is through biological monitoring. This
can involve sampling of macroinvertebrates, fish sampling, habitat assessment, and
physical characteristic assessments. The end result of a biological assessment should be
an Index of Biotic Integrity (IBI). An IBI score is calculated for each sampling event at a
monitoring site. Scores can be calculated for fish, macroinvertebrates, and habitat. This
IBI data can then be analyzed like water quality data to compare sites, discover trends,
and identify problems.

The methods for biological assessments are not described in detail here because the focus
of this document is management of water quality data and the methods are described well
enough in other manuals. The RLWD uses the EPA’s Rapid Bioassessment Protocols for
Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates, and
Fish. This manual should be used as a source of all biological sampling and data
management methods used by the RLWD. The use of similar methods from study to
study is recommended. Due to the limited amount of biological assessments being
conducted in the RLWD, cooperation among agencies and volunteer groups and the use
of similar methods is beneficial for making comparisons among monitoring sites.
Although everyone should use the same methods, there are other manuals and documents
that may be helpful, especially to volunteer monitors.

EPA: Volunteer Stream Monitoring: A Methods Manual. Chapter 4 Macroinvertebrates
and Habitat.

Minnesota Pollution Control Agency: Volunteer Surface Water Monitoring Guide. Pages
68-73. Using biometrics for assessing wetlands, streams, and rivers; Using habitat indices
for streams and rivers. http://www.pca.state.mn.us/publications/manuals/vswmg-
section6.pdf

Dates, G. and J. Byrne. River Watch Network Benthic Macroinvertebrate Monitoring
Manual. 1995. River Watch Network. 153 State St., Montpelier, VT 05602 ($25).

State of Connecticut Department of Environmental Protection: Rapid Bioassessment in
Wadeable Streams & Rivers by Volunteer Monitors. This simplified set of methods
contains color photo demonstrations of sampling methods. Also included on this website
is a set of macroinvertebrate field identification cards.
http://dep.state.ct.us/wtr/volunmon/volopp.htm.

EPA: Wadeable Streams Assessment Field Operations Manual.
http://www.epa.gov/owow/monitoring/wsa/index.html

EPA Bioassessment webpage. http://www.epa.gov/owow/monitoring/bioassess.html

-84 -


http://www.epa.gov/owow/monitoring/bioassess.html

3.56 Creating Rating Curves from Flow Measurement Data

When coupled with discharge measurements, stage measurements can be used to create
rating curves. Rating curves created using a range of paired stage and discharge
measurements. Microsoft Excel can be used to get an equation for the rating curve that
can be used in water quality data to convert stage measurements to flow. The relationship
between stage and flow at some streams may change significantly at a particular stage
(floodplain elevation, for example). These changes may be sufficiently represented by a
polynomial equation, or may even require two separate curves. The equation that is the
final product of a rating curve plot that involves two curves will require an if-then type of
function in Microsoft Excel that will apply one equation if the stage is below a certain
value and another if it is at or above that breakpoint.

A rating table may be also be a desired product of flow/stage correlation. These tables list
a discharge for each level of stage. In these tables there will likely be a row for each tenth
of a foot of stage. There will be one column for each tenth of a foot (.00 through .09).
The flow at a stage of 10.18 would be located in the cell that lines up with row 10.1 and
the column .08 (10.1 + .08 = 10.18).

Instructions for creating a rating curve:

a) Basically, to create a rating curve, plot the measurements by using graph paper, or
by using spreadsheet software such as Microsoft Excel to create an XY plot of
the stage and discharge data.

b) On graph paper, a draw a curve through the points. In Microsoft Excel, create a
trendline through the points by right-clicking on the data points on the chart and
then clicking on “add trendline.” When adding the trendline, click on the options
tab and check the box to display the equation on the chart and check the box to
display the R-squared value on the chart.

c) Adjust the type of curve by changing the level of polynomial equation in order to
get the R-squared value as close to 1 as possible. The closer the R-squared value
is to 1, the more accurately the equation will estimate the amount of flow based
upon a stage measurement. A 2" order polynomial equation should be sufficient.
Increasing the order of the equation may create a curve that may peak and start
decreasing after a certain stage or a curve that returns negative flows below a
certain stage. These types of curves should be avoided.

d) A larger amount of stream gauging records, greater accuracy of stream gauge
measurements, and the removal of outliers will all improve the accuracy of a
rating curve. The resulting equation can be incorporated into databases to
calculate flow based upon stage measurement data.
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Figure 33. Rating Curve Example.

3.6 Statistical Software Recommendations

For the purpose of storing data, creating time series plots, and performing other types of
statistical analysis, Microsoft Excel is a popular and versatile program. The majority of
the statistics needed for analysis of water quality data can be calculated using Microsoft
Excel alone, although there are plenty of alternatives available. In Microsoft Excel, the
Insert > Function feature is very useful and can be used for many different types of
statistics, including average, median, count, percentiles, quartiles, standard deviation,
correlation coefficients, maximum, minimum, range, t-tests, and variance. The Analysis
ToolPak add-in for Microsoft Excel adds a data analysis feature under the tools menu.
This add-in analyzes data to find results for the mean, median, mode, standard deviation,
skewness, range, minimum, maximum, sum, count, variance, correlation, covariance,
histogram, moving average, rank and percentile, regression, t-tests, and z-test. The data
analysis feature is beneficial because it does not require the entry of equations. Analyse-It
is an add-on for Microsoft Excel that is capable of creating boxplots, descriptive statistics
(mean, variance, and standard deviation), correlation plots, and linear regression. It is
available at http://www.analyse-it.com/. Webstat, or StatCrunch, is a free tool provided
by the University of South Carolina Statistics Dept. for online data analysis. This
program is available at http://www.statcrunch.cony/. In the “analyze and download data”
page for each water quality monitoring site on the RLWD webpage
(www.redlakewatershed.org), there is a link that opens up a new window for the
StatCrunch program and automatically enters the data from the monitoring site into the
program. Almost any type of statistical analysis imaginable can be conducting using
StatCrunch.
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4.0 Reporting Monitoring Results

4.1 Audience Definition

The audience for RLWD water quality reports will be broad, covering many levels of
education and understanding of water quality issues. This audience includes, but is not
limited to other water quality professionals, RLWD staff members, the RLWD Board of
Managers, local decision makers, technical advisory committee members, and lake
associations. The report should be complete and technical enough to be referenced by
other water quality professionals. It should be understandable enough so that decision-
makers that are not necessarily water quality experts can still understand the main points
within the reports. When creating tables and graphs, they should summarize data as much
as possible so that there aren’t just pages and pages of time series plots. For example,
instead of including many pages of time series plots for the reader to interpret, the writer
of the report can summarize these plots in a table that describes the trends for each
parameter at each site. This way, the document is more useful as a reference to the reader
and a hundred pages of information can be summarized into one or two pages. Great care
should be taken in ensuring the accuracy of the results reported within the document.
These reports will likely be used as references in water quality discussions, studies,
reports, decision making, etc (the 2004 report already has been frequently used in this
fashion).
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4.2 Report Format

A standard water report format was developed for the RLWD as part of the Red River
Watershed Assessment Protocol Project. The first report in this format was completed in
July of 2004. A similar report will be completed once every two years. The general
outline of the report is organized in the following manner:

1.0 Executive Summary
2.0 Program Description
2.1 History and Reasons for Initiating the Program
2.2 Overview of RLWD Monitoring Locations
2.3 Purpose of the Report
3.0 Monitoring Goals and Objectives
3.1 Organization of the Program
3.2 Goals by Program Aspect (long-term, special studies, investigative)
4.0 Statistical Analysis Methods
4.1 Frequency Distributions of the Data
4.2 Transformation Methods
4.3 Data Censoring Methods
4.4 Trend Detection Methods
5.0 Status of Water Quality Within the District
5.1 General Comparison
5.1.1 Comparison of mean concentrations between sites and by region
5.1.2 Comparison to MPCA “minimally impacted streams”
5.1.3 Comparison to background levels
5.2 Trend Analysis
5.2.1 Annual Concentrations
5.2.2  Annual Loads
5.2.3 Annual Yields
6.0 Recommendation for Future Monitoring Activities
6.1 Modifications to Goals and Objectives
6.2 Modifications to Monitoring Network
6.3 Future Monitoring Costs
6.4 Potential Funding Sources
7.0 References

4.3 Submitting Data to STORET

The EPA STORET (STOrage and RETrieval) data base houses environmental data
from the entire United States of America and is used by states for water quality
assessments. The data can also be used by anyone who needs it. STORET data can be
downloaded from the STORET website (http://www.epa.gov/storet/) or from the
MPCA’s Environmental Data Access (EDA) web page

(http://www .pca.state.mn.us/data/edaWater/index.cfm). The MPCA’s EDA website
features an interactive map and displays data from search results in a spreadsheet to
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makes finding and acquiring data relatively easy. Because the data in STORET is used to
assess the state’s waters, groups and agencies that are conducting monitoring programs
should place a high importance on getting data into STORET. The most common way
data is entered into STORET in Minnesota is by sending data to the MPCA. Usually,
there is a member of the local MPCA staff that is responsible for collecting data for entry
into STORET. Because the data entered into STORET needs to meet certain quality
assurance qualifications, there are some things that need to be sent with data. Two types
of forms also need to be completed before data can be entered into STORET. These are
the project establishment form and the station establishment form. A lab
establishment form is also required but it isn’t necessary for each monitoring entity to
fill out one of these sheets since the MPCA already has lab establishment forms for the
major Minnesota Department of Health Laboratories.

Data entered into STORET is usually entered under a particular project. All data entered
under a project name should have been collected and analyzed according to the
laboratory and sampling methods that were submitted to the MPCA for the project. The
project establishment form (Appendix B) is used to submit information about the
project such as the project ID, project name, project purpose, start date, planned
duration, project manager, data manager, laboratory information, field procedure
information, sample collection methods and gear, field measurements collected, a
list of monitoring stations, and data format. All water quality data entered into
STORET needs to be collected using approved methods, so a set of sampling and
analysis plans or standard operating procedures (SOP) needs to be sent to the MPCA with
the project establishment form. The RLWD uses the Standard Operating Procedures for
Water Quality Monitoring in the Red River Watershed for this purpose. Other
organizations may also use this manual as their SOP so they don’t have to write their
own. Also, laboratory analysis needs to be conducted by a Minnesota Department of
Health certified laboratory, so the MPCA will need to know which laboratory was used
for the sample analysis. This lab information needs to be included on the project
establishment form and will need to be updated if there is a change in testing methods or
reporting limits at the lab, or a switch of laboratories. RLWD lab information is shown in
Appendix C.

A station establishment form is needed for each monitoring site. The information
needed for this document includes the name of the project for which the site is being
monitored, a station ID, STORET station ID, station name, station type, station
description, GPS coordinates and methods, state, county, HUC code, and RF1 river
reach. The first step in completing a station establishment form is to search the STORET
database to determine if there is already a site established at the location of your
monitoring site. If there is, than you can use the site information to enter the station ID
and station name into their appropriate blanks. If there are no sites established at the
location of your monitoring site, leave the station ID blank and create a good station
name and description for the monitoring site. The EPA will create a station ID for a new
monitoring station. The HUC code is a number identifying the watershed in which the
site is located. For example, the HUC codes for the major subwatersheds in the RLWD
are 09020302 for the Red Lakes subwatershed, 09020303 for the Red Lake River
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subwatershed, 09020304 for the Thief River subwatershed, 09020305 for the Clearwater
River subwatershed, and 09020306 for the Grand Marais Creek/Red River subwatershed.
RF1 river reach data is not essential to the completion of the form, but can be found with
the help of information and GIS data available on the EPA’s river reach index website:
http://www.epa.gov/waters/doc/rfindex.html.

There are several tips that can help the STORET entry process go smoother.

1.

First of all, project and station establishment sheets should be submitted prior to
sampling. Since project and station establishment can be a lengthy process,
getting sites established early will help facilitate faster entry of monitoring data
into STORET once it has been submitted. The forms are available for download
on the MPCA’s STORET webpage (www.pca.state.mn.us/watet/storet.html).

If one of your monitoring sites is already an established site in the STORET
database, you don’t need to complete a station establishment form for that site.
What you do in this case is to look up the STORET Station ID and include it in
the project establishment form. To see if your site has a STORET Station ID:

a. The easiest way is to use the Minnesota Pollution Control Agency’s
Environmental Data Access website. There is a map-based search tool that
makes locating established monitoring sites very easy
(http://www.pca.state.mn.us/data/edaWater/index.cfm).

b. The MPCA also has lists of established sites available on its STORET
webpage (http://www.pca.state.mn.us/water/storet.html).

c. In other states, you may need to use the EPA’s STORET website to find
established sites.

The MPCA conducts assessments of the states waters every odd year and lists of
impaired waters are completed in even years. Data should be submitted in a
timely manner so that updated data is available for each assessment.

Submit updated project establishment forms if there is a change in staff,
laboratories, methods, sites, etc.

Use correct station Ids, project names, and site names.

Check data for errors. STORET will reject data that does not fall into an
acceptable range. So, for example, if a pH reading of 7.5 is entered as 75,
STORET will reject the data and it will be returned to you so that the errors can
be fixed. If you use a Microsoft Access database, you can create allowable ranges
for each cell that will prevent out-of-range data to be entered.
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7. Use column headings that match the ones on templates provided by the MPCA or,
at least, include the parameter’s units.

a. See Appendix E for one example spreadsheet that was provided by the
MPCA.

b. Download a template from the MPCA’s website
(http://www .pca.state.mn.us/publications/wq-s5-04.xls).

8. Flag codes (also known as remark codes) are used to mark data that is higher than
the maximum detectable level, below the detection limit, etc. Flag codes for a
parameter are placed in a column directly to the right of the column containing
data. See the example spreadsheet in Appendix E. Using flag codes that match
those used by the MPCA will help your data get entered into the database more
quickly.

a. D = Actual value is known to be less than the method detection limit
given by the lab [Below Detection Limit (BDL)]

b. E = Actual value is known to be less than the reporting limit given
by the lab (< Reporting Limit)

c. — = estimated value
d. Q = Exceeds holding time
e. > = Qreater than the maximum measurable value.

i. This will be used for transparency tube readings that are greater
than 100 cm (the maximum length of tubes are either 60 cm or 100
cm), fecal coliform levels that are too numerous to count, and
turbidity readings that are off the charts.

9. Visit the MPCA’s STORET website for the most recent information, forms, and
templates. http://www.pca.state.mn.us/water/storet.html.
10. Contacts:
a. Local MPCA representative
i. Mike Vavricka, Michael. Vavricka@state.mn.us, 218-846-0776
b. Data manager at the MPCA Headquarters
i. Jennifer Oknich, Jennifer.Oknich@state.mn.us, 651-297-8466
c. RLWD Staff
i. Corey Hanson, coreyh@wiktel.com, 218-681-5800
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5.0 Monitoring Network Design

A monitoring plan should be a written document that includes a clear statement of the
goals and objectives of the program, potential uses of data, a description of the area to be
studied, background information, descriptions of monitoring sites, which water quality
aspects will be measured, the frequency and timing of sampling, project partners, a
budget, quality assurance and quality control measures, any training needed, necessary
equipment, and a project schedule. The following sections will explore the monitoring
network design process in further detail.

5.1 Agencies Involved in Data Collection

The Red Lake Watershed District works with other agencies and citizen monitoring
programs when choosing monitoring sites. In addition to the RLWD monitoring program,
other agencies and groups collecting water quality data within the RLWD include the
Minnesota Pollution Control Agency, Soil and Water Conservation Districts, River
Watch, United States Geological Survey, volunteers, cities, and Red Lake Department of
Natural Resources. The MPCA’s monitoring program is entitled the Red River Basin
Monitoring Network and monitors several sites along the main-stem of the Red River of
the North and also monitors the major tributaries of the Red River within the State of
Minnesota. The Soil and Water Conservation Districts within the RLWD that have
conducted water quality monitoring include the Marshall-Beltrami SWCD, Marshall
County SWCD, Beltrami County SWCD, Clearwater SWCD, Pennington County
SWCD, and the Red Lake SWCD. The Red Lake DNR monitors Upper and Lower Red
Lakes, the rivers and streams that flow into them, and the beginning of the Red Lake
River at the Lower Red Lake outlet. The RLWD sponsors River Watch programs at
schools within the RLWD. The schools participating in the River Watch program within
the RLWD include Clearbrook-Gonvick, Red Lake County Central, Grygla, Red Lake
Falls, Crookston, Fisher, Win-E-Mac, Sacred Heart, East Grand Forks, Fosston, Red
Lake, and Bagley. Additional schools may participate in the future.
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Figure 34. River Watch Monitoring Sites in the Red River Basin.

5.2 Setting Monitoring Goals and Objectives

A water quality and/or water quantity monitoring program is a large investment.
Therefore, it should be well-planned. Before monitoring sites are selected, the goals of a
monitoring program should be clearly stated. There are many different reasons for
initiating a water monitoring program. A water monitoring program may be designed to
collect data for baseline characterization purposes, planning and policy-making, public
education, management and operational information, regulation and compliance, resource
assessments, response to an emergency, and other uses.

The RLWD Water Quality Coordinator is in charge of designing the RLWD monitoring
program and making sure that correct sites get monitored at the correct times using the
correct methods. Monitoring plans created by the Water Quality Coordinator should be
approved by the RLWD Administrator and the RLWD Board of Managers. The Water
Quality Coordinator is a member of the Red River Basin Monitoring Advisory
Committee (RRBMAC) and the Red River Basin Water Quality Team (RRBWQT). The
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RRBMAC focuses on coordinating monitoring efforts throughout the Red River Basin.
These meetings are held at the Sand Hill Watershed District in Fertile. The committee
directs projects such as the MPCA’s Red River Basin Monitoring Network and the River
Watch program. Reports and updates are shared among the members of the committee.
Through this committee, the RLWD can work with other agencies to prioritize potential
monitoring sites, share information, coordinate efforts, and prevent duplication of efforts.

The RRBWQT committee is a meeting of minds on water quality issues. The group
serves as an advisory committee for the Red River Basin Water Quality Plan. The group
discusses strategies for improving water quality, monitoring programs, and project
funding opportunities. It has also taken on a role as the directing committee for a turbidity
TMDL study on the Red River and its tributaries.
When setting monitoring goals and objectives, there are several points to consider:

1. Determine what questions the monitoring program should be able to answer.

a. Which streams, rivers, and lakes in the watershed are impaired?

b. Which streams are safe for swimming, boating, and other forms of
recreational uses?

c. What is the effect of a project on water quality, habitat, or water quantity?
d. What are the overall water quality trends in the watershed?

e. To what extent are the designated uses of the water body being
threatened?

f. How does water quality/quantity or habitat quality change over time?
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Table 15. Sources and Associated Pollutants for Volunteers to Consider Monitoring
(from MPCA Volunteer Surface Water Monitoirng Guide).

Somree  Associated pellutants and conditions

Cropland  Turbidity, nutrients iphosphorus, nitrite + nitrate), temperature, total suspanded solics, changes in the
biological community (macroinvertebrates, fish, plantz)

Construction  Turbidity, temperature, dissolved oxygen, total suspended solids, changes in the biclogical community
Forestry harvesting  Turbidity, temperature, tofal zuzpended 2olids, changes inthe biological community

Grazing and feedlotz  Fecal bacteria, turbidity, nutrients iphosphorus, nitrite + nitratel, total suspended solids, temperature,
changes in the biological community, stream bank stability

Induzirial discharge  Temperature, conductivity, total suspended sdids, pH, changes in the bioloical community

Property dewdopment’  Total suspended solids, total phosphorus, changes in shoreline vegetation. changes in aquatic vegetation
lakezhore urkamization

Septic systerms  Fecal bacteria, nutrients (phozphorus, nitrite + nitrate), dissobved omygen, conductivity, temperature,
changes in the bicological community

Sewane treatment plants Dissolved awygen, turbidity, conductivity, nutrients (phosphorus, nitrite +nitrate), facal bactaria,
ternparature, total suspanded solids, pH, changas in the biological community

Urban runoff  Turbidity, nutrisnts (phosphorus, nifrite + nitrate), temperaturs, conductivity, dissoled oxpgen, changas
in the biological cormmunity

Table 16. Water Quality Problems and Monitoring Parameters for VVolunteers to
Consider (from MPCA Volunteer Surface Water Monitoirng Guide).

Problem/concem Water body type Parametars
Eutrophication Lakes and streams Nutrients (phosphorus and nitrogen), Secchi transparency (lakes),
{l.e., nutrient enrichmeant) turbidity/transparency tubes (streams), chloraphyll-a, dissolved oxyaen,

temperature, flow, and changes in the biological community (fish, plants,
macroinvertebrates, etc.)

Habitat loss Lakes, streams Macroinvertebrate biosurveys, habitat, temperature, aquatic plant surveys,
and wetlands shoreling surveys and flow
Low oxygen levels Lakes and streams Dissolved oxygen, nutrients (phospharus, nitrogen), ternperature, chlorophyll-a,

flow and macroinvertebrate biosurveys

Sadimentation Streams and wetlands  Total suspended solids, turbidity/transparency tubes, habitat, macroinvertebrata
biosurveys and flow

'Additional advanced parameters may be helpful for characterizing some problems such as biochemical oxygen demand and ammonia for diagnosing low oxy-
gen levels,

2. Cooperation with other agencies should be considered.

3. A nationwide goal of the United States Environmental Protection Agency (EPA)
is the assessment of waters. This goal not only applies to water quality

-905 -



10.

assessments, but also applies to biological assessments of wadeable streams.
Providing data for statewide assessments of streams, rivers, and lakes are
becoming increasingly important. Local input to the assessment process can come
from local monitoring programs. Methods should be used that meet the data
quality requirements of these assessments. Data should be submitted to a local
representative of the Minnesota (or other respective state’s) Pollution Control
Agency so that it can be entered into the EPA STORET database for use in
assessments.

Completeness is a goal that can be applied to the selection of monitoring sites,
selection of parameters, and collection of data.

A monitoring program may be designed to locate problem areas so that projects
can be implemented to address correctable problems.

Specific projects can have an impact on a monitoring program. Some may need
their own separate water quality monitoring plan (stormwater projects). They may
also influence frequency of sampling, site locations, parameters monitored, and
project partners.

Accuracy should be a major goal of a monitoring program.

A monitoring program should have goals/objectives of providing some form of
public education or scientific report based upon the sampling results.

A goal of a monitoring program may be to monitor a body of water that has a
unique value, such as a trout stream, or a lake that is well-known for its good
fishing. Long-term monitoring of these resources can be part of a water quality
protection plan for the water body. Any alarming changes in water quality can be
documented and corrective actions can be taken by local agencies if necessary.

Monitoring of a specific stream reach or lake may also be one of the main goals of
a monitoring program if it has been negatively impacted in some way. Lakes that
are suffering from increased eutrophication, streams that are experiencing heavy
erosion in their watersheds, and streams that receive water from a wastewater
treatment plant are some examples of bodies of water that have been negatively
impacted. Monitoring results from these sites may be of great interest to the
general public as well. To assess the impact of a pollution source, there should be
a site located upstream as a reference site, another site immediately downstream
of the potential problem to determine the amount of impact it is having on water
quality, and another further downstream of the potential problem to evaluate how
well the stream is recovering from the impact of the potential source of pollution.
This can be referred to as bracketing the problem for impact assessment.
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11. If a water quality monitoring program will be focusing on a river, assessment of
the impact of its tributaries on water quality should be incorporated into the
monitoring program.

12. How frequently will monitoring sites be sampled? The answer to this question
may depend on how the data will be used. MPCA assessments, for example, have
data requirements for each parameter. Assessments for most parameters require a
certain number of samples, and some even recommend a particular sampling
frequency (fecal coliform). Greater number of samples can allow for greater
accuracy in assessments.

13. Which parameters will be monitored?

14. Consider the audience that will be viewing water quality monitoring results
during the planning process. The EPA publication, Volunteer Stream Monitoring:
A Methods Manual, lists potential users of water quality monitoring data may
include state agencies, county agencies, local groups and agencies, the monitors
themselves, fisheries biologist, universities, school teachers, environmental
organizations, parks and recreation staff, local planning and zoning agencies, state
environmental agencies, state and local health departments, soil and water
conservation districts, federal agencies such as the U.S. Geological Survey and
the U.S. EPA. The level of QA/QC measures that are implemented may depend
upon who will be using the data. Higher quality data is needed if it will be used
for assessments of impairment based upon water quality standards, proof of
compliance (or non-compliance) with regulations, and planning decisions.

A water monitoring program may include other types of monitoring in addition to water
quality monitoring. One of these other types is biological monitoring. There are many
biological indicators of water quality. Negative effects of pollution and habitat losses are
often evident through biological monitoring. Bioassessments can also be used to measure
the success of habitat improvement projects.

Another type of monitoring that can be conducted on rivers, streams, and lakes is
physical monitoring. This can involve habitat assessments, watershed surveys, and stream
classifications. Habitat assessments of streams and rivers examine characteristics such as
in-stream habitat, pool substrate, pool variability, sediment deposition, channel flow
status, channel alteration, channel sinuosity, bank stability, vegetative stream bank
protection, and riparian vegetative zone width. Watershed surveys look at land use
patterns, past and present sources of pollution, water uses, diversions, and stream
obstructions. Geomorphic stream classification is used to predict a stream’s behavior
based upon its appearance, develop hydraulic and sediment relationships for a stream,
provide a method to extrapolate site specific data to other sites with similar
characteristics, and to provide a frame of reference when communicating the morphology
and condition of a stream. The Rosgen classification system is the standard method for
stream classification. Surveyed cross sections can be used to monitor physical changes in
a channel over time.

-97 -



Stream type classes are defined by class boundaries of ratios
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Figure 35. Stream Type Classes of the Rosgen Classification System.

5.3 Network Design Techniques

Designing a monitoring network is not always an easy task. There usually are a large
number of potential monitoring sites, but only limited funds for a monitoring program.
Prioritization of monitoring sites is often necessary. A monitoring program may need to
cover a large watershed, or it may focus on one reach of a stream or river. The scope of
projects can vary greatly. The following paragraphs provide some ideas and advice for
anyone designing a monitoring network.

Before selecting sites, create a map of the major and minor subwatersheds of the
watershed you are monitoring. For broad-scale condition monitoring, a goal may be to
monitor what is coming from each of the streams within the monitoring area. A goal of a
water-quality monitoring program may be condition monitoring in streams to see what is
coming from watersheds. To meet this goal, a monitoring site should be located at the
end of the watershed, most likely at the last road crossing before the stream empties into
another body of water. Even distribution of monitoring sites should be considered in a
large watershed such as the RLWD for long-term monitoring programs. Travel time,
however, may also need to be considered when choosing monitoring sites. Monitoring on
a smaller scale can be much more intensive. A monitoring site could be located at nearly
every crossing of a river if the study is intensive enough. The intensity of a localized
monitoring program can depend upon the number of potential monitoring points,
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potential sources of pollution, funding, and time. One type of short term, intensive
monitoring is investigative monitoring. Investigative monitoring sites may be located
upstream and downstream (and ideally, one more site further downstream) of a suspected
source of pollution in order to assess its impact.

The goals and monitoring activities of other agencies should be considered when
choosing monitoring sites. Find out what locations are currently being monitored and
which sites have been monitored in the past. Monitoring a site with historical data may be
beneficial. The locations of current projects should be considered when choosing the
locations of monitoring sites if knowing the effects of the projects on water quality is
desirable. Choose monitoring sites and sampling frequencies that can facilitate a proper
assessment of the streams and rivers to be monitored. Know which water bodies have
been assessed by the state pollution control agency (Minnesota Pollution Control
Agency).

A more detailed analysis of the watershed to be monitored may aid in choosing
monitoring sites. Sites should be typical and representative of the stream reach in which
they are located. Land use, stream order, elevation, slope, soils, and pollution sources can
all change throughout a watershed. Choosing site locations that can detect changes in
water quality with changes in the features of the watershed should be considered when
choosing monitoring sites. If a stream has a designated use, monitoring sites should be
located where these uses occur (swimming, canoeing, fishing...). If there is a location
that can be used as a reference site, it should be monitored. A reference site is a site that
has been impacted by human development to a very minor extent, if at all. Data from
these sites can be useful in estimating the extent to which other sites have been impacted.
Choosing sites that monitor waters with a unique value may be desirable. These could
include trout streams and other areas that provide habitat for sensitive species.

The feasibility of each monitoring site should be evaluated when designing a monitoring
network. Sites should be chosen where accurate stage, water quality, and flow
measurements can be collected. There should be a good relationship between flow and
stage. Beaver dams near the site, especially downstream can make flow estimations based
on stage and can affect the natural water quality conditions in the river. A permanent
structure or gauge from which to measure stage is helpful in collecting reliable stage
measurements. Note whether or not debris in the channel may hinder the collection of
water quality or flow measurements. Choose sites that are accessible and can be safely
monitored. Use bridges or culverts if possible. If no staff gauges are present, being able to
measure down to the water from a set location (benchmark) on these structures allows for
reliable and accurate stage measurements.

The degree of impact of a tributary on a river may be a question that can be answered
through a water quality monitoring program. The number of monitoring sites needed to
do this can vary based upon desired accuracy. If water quality in the main river is already
being monitored sufficiently, a monitoring site near the mouth of the tributary may be
sufficient. Water quality on the tributary can be compared with water quality on the main
river to get a general idea of whether the impact of the tributary is positive or negative.
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This method was applied when the MPCA was choosing sites for the Red River Basin
Monitoring Network. Main-stem monitoring sites were located along the Red River of
the North. Primary monitoring sites were then chosen for the main tributaries of the Red
River. These sites were located near the mouth of these tributaries. Secondary sites were
also chosen near the mouths of streams that were tributaries to the main tributaries of the
Red River.

If a goal is to estimate the impact of the tributary as accurately as possible, as many as
four sites can be used for each tributary. There should be a site near the mouth of the
tributary itself, but not so close that backwater can have an effect on the site. A site on the
main river located just upstream of the tributary will assess the quality of water before it
is influenced by the tributary. Results from this site can be compared with results from a
site downstream of the tributary to determine its impact. A fourth site may be located
further downstream to assess how well the river recovers from any impact the tributary
might have had on water quality.

5.4 Resources

There are many informational resources available that can be utilized when designing a
monitoring program and monitoring network. This document has utilized a large number
of these. Information from these sources has been combined to produce as robust a
document as possible. Although this document contains much information on the creation
and management of a water monitoring program, there is no end to the additional
knowledge available from the multitude of water quality resources that are available.
Many of these resources are available for free over the internet. Some come in the form
of textbooks or other documents that must be purchased. Two excellent sources of free
information are the United States Environmental Protection Agency and the Minnesota
Pollution Control Agency. They provide manuals for differing levels of monitoring
including local volunteer monitoring, intensive TMDL studies, and statewide monitoring
programs. Most of these are available online. There also are guidance documents
available relating to monitoring methods. The monitoring of lakes, rivers, and streams
can involve more than just water quality monitoring. Biological monitoring is a good way
to measure the overall health of an aquatic ecosystem. It is also a very good educational
tool when it is part of a volunteer monitoring program. Biological monitoring methods
are also available from both the USEPA and the MPCA.

Many of the manuals and guides listed in the References and Further Reading section
of this document provide information useful for the creation of a monitoring plan, design
of a monitoring network, and selection of sampling methods. Since most of these are
available online, their respective website addresses are included in the citations. Below is
a listing of the titles of some of the most useful resources.

e MPCA Website: http://www.pca.state.mn.us/

e EPA Website: http://www.epa.gov/
e USGS Website: http://www.usgs.gov/
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e Minnesota Department of Natural Resources (DNR) Website:

http://www.dnr.state.mn.us/index.html

EPA: Guidance for Quality Assurance Project Plans.

EPA: EPA Requirements for Quality Assurance Project Plans.

EPA: The Volunteer Monitor’s Guide to Quality Assurance Project Plans

EPA: Volunteer Stream Monitoring: A Methods Manual.

MPCA: Guidance Manual for Assessing the Quality of Minnesota Surface

Waters for Determination of Impairment — 305 (b) Report and 303(d) List.

e World Health Organization/United Nations Environment Programme: Water
Quality Monitoring — A Practical Guide to the Design and Implementation of
Freshwater Quality Studies and Monitoring Programmes.

e River Watch Network: Testing the Waters: Chemical & Physical Vital Signs of a
River.

e MPCA: Volunteer Surface Water Monitoring Guide.

e USGS: National Field Manual for the Collection of Water-Quality Data.

Other resources that may be useful when designing a monitoring network are reports and
studies from other agencies or groups. The monitoring plans for previously conducted
studies can be used as examples when a new program is being created. Often, when
designing a monitoring plan, using methods similar to those used by other monitoring
programs within the same area will allow for comparison of results from multiple studies.
For nearly all project reports and other documents created by or related to the RLWD, see
the RLWD projects website at http://www.redlakewatershed.org/projects.html or the
RLWD water quality page at http://www.redlakewatershed.org/h2oquality.html.

6.0 GIS, Database Design, and Website Development

6.1 GIS Software Recommendations

At the time that the majority of this document was written (winter 2004-05), the RLWD
was using ArcView 3.1 for GIS work. This version is commonly used for the general
creation of maps for the RLWD. Many natural resources professionals are familiar with
this program. By creating a well organized project with multiple views for different
projects and areas, maps can be created relatively quickly and easily. This program can
also be used for spatial analysis, for example, finding the area of a complex polygon.

A newer version of ArcView is also available. The RLWD has begun using ArcGIS 9.1,
but is still in a transition period. This version allows the user to do things not possible
with version 3.1, 3.2, or 3.2a. For example, ArcGIS 9.1 allows users to view data from
different projections with the same view. It is also more user-friendly, has tools for better
data management, has more intuitive controls, allows the use of a scroll button, provides
more options for editing the appearance of maps, provides additional tools to improve
and ease the process of making layouts, along with many other features. A central
database, ArcGIS-based ditch inventory, and an easy-to-use GIS interface are being
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developed as part of the RLWD Ditch Inventory Project, which is being funded by a
Minnesota Board of Soil and Water Resources Challenge Grant.

There are some tricks of the trade for ArcView 3.x that are included in this manual even
though it is not the latest version. It is still a widely used version of ArcView.

Basically, the georeferenced data that can be pulled into ArcView includes shapefiles
(lines, points, and polygons) and image files (aerial photos and scanned topographic
maps). These themes can be layered on top of one another to create maps. New shapefiles
can be created by the user. Shapefiles can be created and used to mark features on the
landscape. Each shapefile has a query database associated with it. The area of polygons
can be calculated. The RLWD uses the DNR ArcView tools extension for calculation of
area. This is available at
http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions/tools/tools.html. The main
resource for GIS data in Minnesota is the DNR Data Deli website:
http://deli.dnr.state.mn.us/. 2003 color orthophotos (aerial photos) are available on the
Data Deli website and the Land Management Information Center (LMIC) website:
http://www.lmic.state.mn.us/chouse/airphoto usda.html#fsa.

Sometimes it is desirable to know the GPS coordinates of a set of points. In ArcView 3.x,
there is a quick and easy way to add UTM coordinates to the attribute table of a point
shapefile. Make the theme you will be working on active by clicking on it. Open the
attribute table for the theme. Make sure the table is in the editing mode. Add two fields
to the table. One should be named latitude or X and the other should be named
longitude or Y. In the add field window, make sure there are enough characters to fit the
coordinates, make sure it is a number field, and tell it to display 4 decimal places. After
both fields have been created, select one of the fields and make sure that no records are
selected (they will be highlighted in yellow if they are). Click on field, and then calculate
in the pull-down menu. The calculate window will now be showing. If you have selected
the latitude field, double click on the word [shape] in the upper left corner box in the
window. The word [shape] will appear in the (name of field)= box. Then type .getx after
the word [shape]. For the longitude field, do everything the same except that the formula
will be [shape].gety instead of [shape].getx.

Creating and saving a project that contains several often used views can save the user a
great deal of time. Maps can be created much quicker once a project is established
because most of the necessary GIS data is already loaded into the project. Theme legends
and color schemes are already configured the way the user wants them, so editing legends
doesn’t have to be done every time a map is to be made. Each view can be of a different
project area or can include a different set of themes. Views may be of a particular county,
city, or subwatershed. Multiple views with different themes may be created for the same
area. ArcGIS 9.x offers some improvements related to this process as well through the
creation of layer files that include legend information in the file so that the file looks the
same (desired) way every time it is loaded into a new project. In 3.x, shapefiles that are
loaded into a new project are given a random, default color shceme that seldom looks the
way you want it to. It is necessary to change the legend around or load a saved legend file
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every time the file is loaded into a new project unless the project establishment method
described earlier in this paragraph is used.

The organization of GIS data is very important. Whenever an ArcView project is created
and saved, it remembers where each theme within it is located. Therefore, organization is
crucial to efficient utilization of GIS technology. Storing GIS files in a sensible hierarchy
within a central GIS folder is highly recommended. Before adding new GIS files to a
project, save them in a place that will be permanent and makes sense. If GIS files are
moved to a new location on a computer, existing projects won’t be able to find them.
Another advantage to placing all GIS data and project files within the same folder (in
sensibly organized subfolders), is that a GIS project can be moved from one computer to
another this way.

Another technique for GIS data management that some offices use is to store the majority
of GIS data on one computer (particularly large files). ArcView users can access this data
over a local area network (LAN). In order for ArcView to browse a network for files,
mapping a network drive is necessary. This is done by clicking on the Tools menu in My
Computer. Click on the words: Map Network Drive. When the Map Network Drive
window is visible, choose the letter you wish to assign to the drive. Click the Browse
button, then find and highlight the folder located on another computer that you wish to
access using ArcView. Click Finish to add the drive. Now, when you add a theme to
ArcView, you will be able to add a theme that is stored on another computer to your
project.

6.2 Website Development and Procedures

The RLWD website was developed by Houston Engineering. The website has nine major
sections: home, about RLWD, permits, projects, water quality, maps, contacts, related
sites, and watershed plan update. The first three sections are mainly informational,
although the permits section will feature a permit database in the future as part of a
separate project. The projects section contains a list of RLWD projects and links to any
available reports associated with these projects. There currently are 19 project reports
available on this page. The water quality page includes links to annual water quality
reports, Standard Operating Procedures for Water Quality Monitoring in the Red River
Watershed, and water quality data search tools (text and interactive map). Website
visitors can use the text form to find a water quality monitoring site based on site ID, site
name, county, subwatershed, or ecoregion. The interactive map tool can be used for the
creation of maps, but also can be used to find water quality data. Clicking on the identify

(E) button, clicking on a star marking a monitoring site (or click and drag to select a
larger area or several sites), and then clicking on the site ID link (combination of latitude
and longitude in blue) in the results window will bring you to the set of webpages for that
particular monitoring site. There are five pages for each site. A report card page compares
fecal coliform, total phosphorus, total suspended solids, and dissolved oxygen levels at
that site to other sites within the same subwatershed, the entire Red Lake River
watershed, and minimally impacted stream data form the same ecoregion. A site
information page displays information on the location of the sampling site along with

- 103 -



pictures of the site. The third page displays all the data for the site. The “Analyze or
Download Data” page allows users to create summary statistics, create time series graphs,
use the StatCrunch data analysis software, download data, and download quality
assurance information.

7.0 Standard Operating Procedures and Quality Assurance Project Plan

Development.

7.1 Standard Operating Procedures Manual Description

To ensure that the assessments and decisions made from data results are accurate,
following proper procedures during project planning, implementation, and assessment is
very important. These procedures should be documented in a Quality Assurance Project
Plan (QAPP), set of Standard Operating Procedures (SOP), and/or a Sampling and
Analysis Plan The rigorous application of standard protocols ensure that the river, stream,
lake, and wetland data collected for a project is accurate, precise, and comprehensive, and
representative. The application of a set of uniform methods also ensures continuity in
methodology and comparability of results among projects administered and carried out
among different agencies. Bringing data together from multiple sources can improve
efficiency, coordination, and assessment.

The Standard Operating Procedures for Water Quality Monitoring in the Red River
Watershed document was created to provide the benefits described above to monitoring
projects taking place in the Red River Basin, and anywhere else. The creation of this SOP
is part of the Red River Watershed Assessment Protocol Project. A BWSR Challenge
Grant and matching funds from the Red Lake Watershed District provided the funding
for this project. The overall purpose of this project is to provide a model for water quality
monitoring activities throughout the Red River Basin. The SOP has been reviewed by
individuals from the Minnesota Pollution Control Agency, United States Environmental
Protection Agency, United States Geological Survey, Red River Basin Board, University
of Minnesota Crookston, University of North Dakota, City of Grand Forks
Environmental Laboratory, Red Lake Department of Natural Resources, Red River Basin
Monitoring Advisory Committee, and the Red River Watershed Assessment Protocol
Technical Advisory Committee. The SOP was composed using existing standard
methods, existing standard operating procedures, manuals, and the experience of those
involved with its creation.

The Standard Operating Procedures for Water Quality Monitoring in the Red River

Watershed document is available online at
http://www.redlakewatershed.org/waterquality/Entire%20SOP%20Document.pdf.
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7.2 Procedures for Development of a QAPP

The information in this section is a compilation of information found in several QAPP
and water quality monitoring guidance documents from the EPA. These resources are
listed in the reference section of this document.

A Quality Assurance Project Plan (QAPP) is a formal document that presents a plan for
obtaining environmental data. Confidence in data is necessary for a monitoring program
to be successful. A QAPP, therefore, describes how quality assurance and quality control
measures are applied to a monitoring program to assure that the results are of the needed
type and quality for a particular use or decision.

A QAPP should be developed through a systematic planning process. Quality assurance
ensures that data will meet required quality standards with a sufficient level of
confidence. While the planning process of a monitoring program may be time consuming,
the penalty for a lack of planning may be worse and can include unusable or insufficient
data, greater cost, and/or lost time. Different QAPPs are needed for different monitoring
programs because data quality objectives differ along with intended uses. For example,
the data quality objectives for a volunteer monitoring program with a main focus on the
education of those involved will probably not have data quality objectives that are as
strict as those for a monitoring program from which data will be used for regulatory
compliance enforcement.

The management system of a water monitoring project, including the organization,
planning, data collection, quality control, documentation, evaluation, and reporting
activities, are all forms of quality assurance. Quality control measures are technical
activities that are used to reduce the amount of error in sampling results. Internal quality
control refers to the measures used by a project’s own samplers and within its own
laboratory. External quality control refers to laboratories and individuals outside of
monitoring project. The EPA recommends that at least 10% of the samples collected for a
water quality monitoring program are quality control samples. Quality assurance/quality
control (QA/QC) procedures help a monitoring program achieve precision, accuracy,
representativeness, completeness, comparability.

Accuracy in water quality monitoring refers to how closely water quality measurements
agree with the actual values. Since accuracy is largely affected by equipment and
procedures, following appropriate calibration schedules and using quality assurance and
quality control techniques are some methods of achieving accuracy in a monitoring
program. Accuracy can be tested using standard solutions of known concentrations.
These spiked samples can be referred to as blind or double-blind samples. These
techniques are covered in more detail in the Standard Operating Procedures for Water
Quality Monitoring in the Red River Watershed. The accuracy of a set of measurements
on a spiked sample or standard solution is equal to the difference between the average
value measured and the actual, “True” value. In biological monitoring, the collection of
voucher specimens (a preserved archive of organisms that were collected and identified)
can be used to determine accuracy.
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Precision refers to how well results can consistently be reproduced on the same sample
or multiple samples taken from the same place at the same time. Analyzing duplicate
(sampling precision) and split/lab replicate (laboratory precision) samples is one way to
measure the precision of sampling techniques. This method is described in detail in the
Standard Operating Procedures for Water Quality Monitoring in the Red River
Watershed. The precision of the results can be measured by calculating the standard
deviation, relative standard deviation, or the relative percent difference among samples.

Representativeness refers to the degree to which data collected from a stream resembles
the actual condition of the stream being monitored. Sampling site location can have an
effect on representativeness. Also, sampling techniques can have an effect on
representativeness. Sampling techniques designed to maximize representativeness, such
as entering the stream downstream of the sampling site and sampling upstream of any
areas disturbed by wading, are listed and described in the Standard Operating
Procedures for Water Quality Monitoring in the Red River Watershed.

Completeness can be measured by comparing the amount of valid, usable data actually
obtained to the amount of data expected too be obtained. Incomplete data can be a result
of human error (forgetfulness), equipment failures/damage, weather, and any other
factors that would hinder or prevent the collection of data. When creating a QAPP,
determine the number of samples that need to be collected in order for the data to be
useful. Plan to collect more samples than you need in case the results are not 100%
complete.

Comparability of results among sites, sampling dates, and projects is also important.
Creating a set of standard operating procedures and using the same methods for each
monitoring site are ways to ensure comparability.

The guides available from the EPA are very helpful in setting up a QAPP. They provide
recommendations for QAPP development. The general steps to developing a QAPP are
as follows:

1) Establish a QAPP team.

= Make sure all participating groups are represented and establish contact with
agencies and experts that may be of assistance or have approval power.

2) Determine the goals and objectives of your project.

= Specific goals can help make the QAPP creation process easier. During the goal
creation process, consider how the data will be used who will be using it.
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3) Collect background information.
= More knowledge about the area to be monitored will lead to the creation of a

more effective monitoring plan. Contact groups and agencies that are already
monitoring in the area to coordinate site selection, types of data collected, and
monitoring methods. Obtain any existing data. Conduct a watershed survey
(methods for watershed surveys are found in the EPA document: Volunteer
Stream Monitoring: A Methods Manual).

4) Refine the project.

= A review of background information may reveal the need to revise the project
goals and objectives.

5) Design the project’s sampling, analytical, and data requirements.
= Prioritize the parameters and other characteristics that will be monitored.
= Determine the necessary level of data quality.
= Describe how sampling sites will be chosen and identified.
= Determine what methods will be used for sampling and analysis.
= Determine when the monitoring will be conducted.
= Determine how data will be managed.

= Develop a budget for the project. This amount of money available will affect the
amount of monitoring and sampling that can be accomplished.

6) Develop an implementation plan.
= Decide who will be implementing the individual aspects of the program.

= Create a project schedule that shows when tasks such as recruitment, hiring,
training, sampling, lab work, and report writing will occur.

7) Draft your standard operating procedures (SOP) and the QAPP.
= The Standard Operating Procedures for Water Quality Monitoring in the Red
River Watershed and other SOP documents are available for any group use. See

Section 6.1 for more information.

= Standard operating procedures to the finished QAPP.
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8) Solicit feedback on the draft SOP and QAPP.
= A draft QAPP can be sent to other water quality professionals from the MPCA,
SWCDs, EPA, DNR, universities, research groups such as the Energy and
Environmental Research Center (EERC), and other experts for comments.

9) Revise the QAPP and submit it for final approval.

= Incorporate any feedback into the QAPP. Submission of a QAPP for approval is
only necessary for EPA sponsored monitoring projects.

10) Begin your monitoring project.
= Follow the procedures outlined in the QAPP and SOP.
11) Evaluate and refine your project over time.

= Opportunities for improvement of sampling techniques, site selection, lab
procedures, or other elements of the plan may develop.

= If any changes in the plan need to be made, it is better that they are made during

the sampling season instead of waiting until the sampling is completed and the
changes can’t be implemented.
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Each recommended element of a QAPP is explained in detail in the EPA manuals.
QAPPs generally cover project management, data acquisition, assessment, oversight, data
validation, and data usability. Below is a composite summary of the elements described
in the three EPA QAPP manuals. Although, not all of these suggested elements may be
applicable to a particular program, as many as possible should be included in a water
monitoring QAPP.
Project Management - This group of elements ensure that a project has a defined goal,
that the participants understand the goal and the approach to be used, and that the
planning outputs have been documented.
1) Title and approval page

= Include the title and date of the QAPP.

= Include the names of the organizations involved.

= Include the names, titles, and signatures of the project manager, those approving
the document, and others that may be appropriate.

2) Table of contents

= List sections, figures, and tables.

= Any attached SOPs should be included in the appendices.
3) Distribution list

= List all the individuals who will need to receive a copy of the QAPP and
subsequent revisions.

= Copies may be distributed in electronic format.
4) Project/task organization
= Identify key personnel and organizations.
= List specific roles and responsibilities.
5) Problem identification/background
= Draft a narrative stating the problem that the monitoring program will address.

= Include any pertinent background information.
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6)

7)

8)

9)

=

=

State what methods are currently being used.

Identify how the data will be used and who will be using it.

Project/task description

=

=

Summarize the work to be performed and the products expected from the project.

Describe the kinds of samples will be taken, kinds of analysis will be performed,
other characteristics will be monitored, and sampling sites.

Specific sampling sites may be described in detail in a project-specific QAPP, but
do not need to be described in a generic QAPP because it is intended to be
applicable to sampling done at multiple (and possibly changing) sites over a long
period of time (like the RLWD long-term monitoring program).

Provide any maps and tables that describe the project area.

Include information on how the monitoring results will be evaluated.

Include a timeline for the project showing sampling frequency, laboratory
schedules, and reporting cycles.

Data quality objectives for measurement data

=

=

Data quality objectives refer to concepts used to describe the quality of data
needed to meet project objectives, such as precision, accuracy, representativeness,
completeness, measurement range, and comparability.

Set specific goals, if possible. Precision, accuracy, and range information for
water quality monitoring equipment is usually available in product literature.

Identify any potential limitations on the use of the data collected.

Special training requirements/certification

=

=

Discuss how and when training will be provided.

Discuss how the necessary skills will be assured and documented.

Documentation and records

=

Identify the field and laboratory information records that will be collected form
the project, including raw data, QC data reports, field data sheets, laboratory
forms, calibration records, and voucher collections.
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= Ensure that project personnel will have the most current approved version of the
QAPP.

= Discuss how records will be stored, where they will be stored, and how long they
will be stored.

Measurement/Data Generation and Acquisition — Implementation of these elements
ensures that appropriate methods for sampling, measurement, analysis, data collection,
data handling, and QC activities are employed and are properly documented.

10) Sampling process design

= Include information on the types of samples required, sampling frequency,
sampling period, site selection methods, and site identification methods.

= Discuss how factors such as weather, seasonal variations, stream flow, and site
access might affect sampling activities.

= Include any safety plans.

= The SOP being used for the project may be cited in this section instead of
describing methods in detail.

11) Sampling methods
= Describe the parameters to be sampled, sampling methods, equipment, sample
preservation methods, equipment decontamination and cleaning, sample volumes,
and holding times.

= Use standard methods.

= You may choose to refer to sections of the project’s SOP in place of describing
methods in detail in this section of the QAPP.

12) Sample handling and custody methods

= Explain how samples will be labeled, preserved, handled, packaged, and
transported from the field to the laboratory.

= These efforts should all be aimed at making sure that concentrations of parameters
within the sample remain the same from the time it is sampled until analysis is

complete.

= Include information on chain of custody forms that will be used to keep track of
samples delivered or shipped to a laboratory.

- 111 -



= Refer to sections of the project’s SOP in place of describing methods in detail in
this section of the QAPP.

13) Analytical methods

= This section should include equipment, field methods, and standard laboratory
methods used for analysis of samples.

= Identify, if needed, any sub-sampling, extraction, laboratory decontamination,
waste disposal methods and their respective performance requirements.

= Explain any corrective actions that may be necessary if there is a failure in the
analytical system.

= You may choose to refer to sections of the project’s SOP in place of describing
methods in detail in this section of the QAPP.

14) Quality control
= This section should include frequency, number, and type of quality control
samples that will be collected for sampling, analytical, and measurement
techniques.

= Include the desired level of data quality and list any corrective measures.

= Biological monitoring quality control checks may involve replicate samples,
cross-checks, sorting checks, and voucher samples.

15) Instrument/equipment testing, inspection, and maintenance
= List the equipment that will need periodic maintenance, testing, or inspection.
= Include maintenance schedules.
= Describe how maintenance should be documented.

= Describe corrective actions that may be necessary (replacing DO membranes,
replacing batteries, repair, cleaning, etc).

16) Instrument calibration, frequency, and record-keeping
= List the equipment that will need to be calibrated

= Describe calibration methods or where they are located in the associated SOP.
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17) Inspection/acceptance requirements for supplies
= Describe how to determine if supplies such as sample bottles, de-ionized water,
nets, standard solutions, and reagents that will be needed in order to obtain quality
data.
= Describe how to determine whether supplies are acceptable or not.
= Identify the people who will be responsible for the supplies.

18) Data acquisition requirements

= This section will refer to the acquisition of data that will be collected from other
sources.

= Examples of this data include historical data, aerial photos, USGS flow data, and
reports from other monitoring groups.

19) Non-direct measurements
= This section describes any data necessary for the project that may come from
sources other than direct measurements such as computer databases,
meteorological data, Geographical Information System (GIS) data, scientific
studies, historical data, literature files, and computer programs (i.e. modeling

software).

= Describe how this data will be used and any limitations that may apply to its use
or reliability.

20) Data management

= This section should describe how data is processed, stored, and used.

= Specific actions that may be outlined in this section may include the recording,
transcribing, digitizing, downloading, transformation, reduction, transmittal,
management, storage, and retrieval of data.

= Include examples of forms or checklist.

= Details addressed in this section may include checking for data entry errors,
calculations, minimizing error in calculations, report writing, electronic media,

data backup procedures, software to be used, and hardware to be used.

= If data will be submitted to the EPA STORET database, include instructions for
doing so or cite the SOP section that describes this process.
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Assessment and Oversight — These elements address procedures for evaluating the
effectiveness of the project and ensure that the QA plan is correctly implemented.
Assessments will increase confidence in the information obtained.
21) Assessment and response actions
= This section describes how performance of the samplers and the laboratory will be
evaluated and corrected if necessary. This process may involve scientific and
statistical evaluations of data to determine if it is of the right type, quality, and
quantity to support the intended uses.
= Provide a schedule for these assessments.
= Describe how assessment results will be reported.
= There are some additional assessment techniques listed by the EPA. These are just
examples and may or may not be applicable to a particular monitoring program.
The EPA document Guidance on Technical Audits and Related Assessments (G-7)
(EPA, 2000d) describes the different types of assessments.

1) Performance evaluations of laboratories (blind or double-blind samples)

i1) Determining if personnel, equipment, procedures, and facilities are ready for
the collection of data (readiness reviews)

ii1) Documenting the degree to which specified procedures are being implemented
by field, laboratory, and management personnel (technical systems audits)

iv) Continuous assessment of implementation activities (surveillance)

v) Documenting the capabilities of a project’s data management system (audits
of data quality).

22)Reports
= Identify the frequency, content, and distribution of reports.
= Explain which details of the project are going to be included in the report.
= Including an expected report outline in this section.

= Indicate who is responsible for writing the reports.
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Data Validation and Usability — These elements are applied after the completion of the
data collection phase of the project and ensure that the data conform to the specified
criteria and achieve the program’s objectives. These elements involve data verification,
data validation, and data quality assessment. Data verification is a performance
evaluation conducted by those collecting data with the purpose of verifying that data has
been collected using specified methods. It is conducted to show that the reported results
reflect the actual results. During the verification process, records are reviewed from
sample collection, sample receipt, sample preparation, and sample analysis. Data
validation involves the identification of project requirements and inspection of verified
data and methods by an independent party. Inputs to the data validation process may
include project-specific planning documents (QAPPs), program-wide planning
documents, SOPs, approved sampling or analytical methods, calibration records, field
notebooks, sample collection logs, chain-of-custody forms, and verified data. During the
data quality analysis process, data is evaluated to ensure that it can effectively and
credibly provide support for environmental decision-making. The level of stringency of
these data evaluation techniques will vary from project to project.

23) Data review, validation, and verification requirements

= Briefly address how decisions will be made regarding accepting, rejecting, or
qualifying data.

= Data validation refers to a parameter or sample-specific process that extends the
evaluation of data beyond method, procedural, or contractual compliance.

= Data verification is the process of evaluating the completeness, correctness, and
conformance/compliance of a specific data set against the method, procedural, or
contractual specifications.

24) Validation and verification methods

= Methods described in this section may include checking computer entries against
field data sheets, looking for gaps in data, discovering outliers or out-of-range
readings in the data, detecting errors, analyzing quality control data, using tables,
interpreting graphs and charts, and writing a statement certifying that the data has
been verified.

= This section basically describes methods for verifying that tasks from the data
management section of the QAPP are done correctly.

25) Reconciliation with data quality objectives
= This section should describe any data quality analysis that will be performed to

decide whether or not the data collected meets the objectives specified in the
QAPP.
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= Compare the project’s actual data quality indicator calculations to those specified
in the project QAPP.

= Provide options for actions that can be taken if the data does not meet the
specified objectives, such as discarding the data, setting limits on the use of data,
or revising the data quality objectives.

7.3 Resources and Training Opportunities

RLWD staff should participate with all water quality monitoring training sessions held
within the Red River Valley when deemed necessary and feasible. In some cases they
will be conducting the training. There is always room for improvement in a monitoring
program. Opportunities to share ideas on improving sampling techniques should not be
missed.
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