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EXECUTIVE SUMMARY

This document presents the results of surface-water-quality data retrievals for Mississippi National River and
Recreation Area (MISS) from six of the United States Environmental Protection Agency's (EPA) national
databases: (1) Storage and Retrieval (STORET) water quality database management system; (2) River Reach File
(RF3); (3) Industrial Facilities Discharge (IFD); (4) Drinking Water Supplies (DRINKS); (5) Flow Gages
(GAGES); and (6) Water Impoundments (DAMS). This document is one product resulting from a cooperative
contractual endeavor between the National Park Service's Servicewide Inventory and Monitoring Program, the
National Park Service's Water Resources Division (WRD), and Horizon Systems Corporation to retrieve, format,
and analyze water quality data for all units of the National Park System containing significant water resources.
The primary goal of the project is to provide descriptive water quality information in a manner and format that is
both consistent with the goals of the Servicewide Inventory and Monitoring Program and useable by park resource
managers. The document provides: (1) a complete inventory of all retrieved water quality parameter data, water
quality stations, and the entities responsible for the data collection; (2) descriptive statistics and appropriate
graphical plots of water quality data characterizing annual and seasonal central tendencies and trends; (3) a
comparison of the park's water quality data to relevant EPA and WRD water quality screening criteria; and (4) an
Inventory Data Evaluation and Analysis (IDEA) to determine what Servicewide Inventory and Monitoring
Program "Level I" water quality parameters have been measured within the study area. Accompanying the report
are disks containing digital copies of all data used in the report, as well as all components of the report (tables,
figures, etc.).

The results of the retrievals for the study area from the IFD, DRINKS, GAGES, and DAMS databases located 98
industrial/municipal dischargers; seven drinking water intakes; 43 active or inactive U. S. Geological Survey, U. S.
Corps of Engineers, or U. S. National Weather Service gaging stations; and 13 water impoundments. The results
of the STORET retrieval for the study area yielded 273,531 observations for 803 separate parameters collected by
six state and federal agencies at 541 monitoring stations. Of the 541 monitoring stations, 165 were established but
contained no data; eight contained no data appropriate for statistical analysis; and 34 were used only for
monitoring bottom deposits or fish tissues. Twenty-six station types were entered into STORET as estuaries by U.
S. EPA Region 5 (12MIWID), resulting in inappropriate comparisons of water quality data to marine acute
standards. One-hundred-eighty-four stations were located within the park boundary. Most of the sampling
stations represent either one-time or intensive single-year sampling efforts by the collecting agencies. Eighty-four
stations within the study area yielded longer-term records consisting of multiple observations for several important
water quality parameters. Twenty-eight stations yielding longer-term records within the park are: (1) Mississippi
River Below L&D #2 at Hastings, MN (MISS 0027); (2) Mississippi River at Lock and Dam #2 at Hastings (MISS
0034); (3) Mississippi River at L&D #2 at Hastings, MN (MISS 0036); (4) Miss R. Lock + Dam #2 Hastings, MN
(MISS 0037); (5) Lake: Rebecca in Hastings (MISS 0039); (6) Mississippi River at Nininger, MN (MISS 0046);
(7) Mississippi River-Spring Lake Northeast of Sedil (MISS 0056); (8) Lake: Spring (L&D 2 Pool) at Rosemount
(MISS 0060); (9) Mississippi R. S of St. Paul (MISS 0149); (10) Mississippi R at Grey Cloud Isl Cottage Grove
MN (MISS 0153); (11) Mississippi R Shiely Co. Dock, Grey Cloud Island (MISS 0155); (12) Mississippi River at
Hwy 494, at Newport, MN (MISS 0158); (13) Lake: Pigs Eye in St. Paul (MISS 0165); (14) Mississippi River at
St. Paul, MN (MISS 0214); (15) Miss R at Dock Upstrm of Wabasha St Br, St. Paul (MISS 0217); (16) Minnesota
R at Ft Snelling St Pk at St. Paul, MN (MISS 0311); (17) Minnehaha Creek at Mouth (MISS 0319); (18)
Mississippi River-Minneapolis (MISS 0369); (19) Rgn 5 (MISS 0382); (20) Bassett Creek Minneapolis (MISS
0395); (21) Shingle Creek Lyndale Av N, MPLS (MISS 0397); (22) Rice Creek Upstream of Miss R in Fridley
(MISS 0403); (23) Mississippi R MPLS Waterworks Intake at Fridley (MISS 0408); (24) Coon Creek 93 Ave NE-
Coon Rapids (MISS 0431); (25) Mississippi River Near Anoka, MN (MISS 0432); (26) Elm Creek USH-169 at
Champlin (MISS 0510); (27) Mississippi River at Anoka, MN (MISS 0518); and (28) Mississippi River at US-169
Bridge at Anoka (MISS 0522)". Fifty-six stations yielding longer-term records within the study area, but outside
of the park boundary are: (1) Mississippi River by Confluence with St. Croix River (MISS 0007); (2) St. Croix
River at Prescott (MISS 0011); (3) St. Croix River at Prescott, WI (MISS 0012); (4) St Croix R. USH-10 at Pt

"Water quality station location descriptions are verbatim from STORET. Any misspellings and abbreviations in
STORET are replicated in this document.



Douglas (MISS 0015); (5) Vermillion River at Hastings, MN (MISS 0031); (6) Lake: Tanners at Maplewood
(MISS 0072); (7) Lake: Beaver in Maplewood (MISS 0105); (8) Lake: Phalen in St. Paul (MISS 0183); (9) Lake:
Round in Maplewood (MISS 0191); (10) Shanahan Pond at Eagan, MN (MISS 0232); (11) Burview Park Pond at
Eagan, MN (MISS 0234); (12) Lakeside Estate Lake at Eagan, MN (MISS 0236); (13) Hauser Pond at Eagan, MN
(MISS 0241); (14) Donaldson's Pond at Eagan, MN (MISS 0254); (15) Lake: Como in St. Paul (MISS 0262); (16)
Lake: Holland in Eagan (MISS 0264); (17) Holland Lake at Eagan, MN (MISS 0265); (18) McCarthy Lake at
Eagan, MN (MISS 0273); (19) Lemay Lake at Eagan, MN (MISS 0288); (20) Wilderness Lake at Eagan, MN
(MISS 0291); (21) Fish Lake at Eagan, MN (MISS 0293); (22) Thomas Lake at Eagan, MN (MISS 0295); (23)
Lake: Thomas in Eagan (MISS 0296); (24) Blackhawk Lake at Eagan, MN (MISS 0306); (25) Minnesota R Under
Landing Lights Ft. Snelling Pk (MISS 0314); (26) Langhoven Lake at Eagan, MN (MISS 0324); (27) Rice Creek
at Long Lake Rd in New Brighton (MISS 0328); (28) Cedar Grove Pond at Eagan, MN (MISS 0331); (29) Lake:
Silver in New Brighton (MISS 0337); (30) Lake: Spring at Spring Lake Park (MISS 0341); (31) Minnesota R. SH-
36 in Bloomington (MISS 0350); (32) Lake: Hiawatha in Minneapolis (MISS 0353); (33) Lake: Nokomis in
Minneapolis (MISS 0362); (34) Rice Creek at Hwy 65 Crossing in Fridley (MISS 0365); (35) Lake: Moore (East
Bay) in Fridley (MISS 0366); (36) Long Meadow Lake, Site #1, at Bl (MISS 0372); (37) Lake: Moore (West Bay)
in Fridley (MISS 0374); (38) Lake: Powderhorn in Minneapolis (MISS 0380); (39) Rice Creek at Fridley, MN
(MISS 0383); (40) Rice Creek SH-47 at Fridley (MISS 0384); (41) Lake: Diamond in Minneapolis (MISS 0390);
(42) Rice Creek E. River Rd, Fridley (MISS 0402); (43) Bassett Creek 6th Ave N Br Golden V (MISS 0405); (44)
Lake: Harriet in Minneapolis (MISS 0441); (45) Lake: Lake of the Isles in Minneapolis (MISS 0451); (46) Lake:
Calhoun in Minneapolis (MISS 0457); (47) Shingle Creek USH-100 Brooklyn Cent (MISS 0464); (48) Lake:
Cedar in Minneapolis (MISS 0470); (48) Lake: Wirth in Golden Valley (MISS 0473); (50) Lake: Brownie in
Minneapolis (MISS 0479); (51) Lake: Crooked 1 mi E of Anoka (MISS 0492); (52) Lake: Twin (Middle Bay) at
Crystal (MISS 0505); (53) Rum River at Anoka, MN (MISS 0513); (54) Rum River at Bridge on Pleasant Street in
Anoka (MISS 0515); (55) Elm Creek Nr Champlin, MN (MISS 0528); and (56) Crow River at Bridge on CSAH-
36 at Dayton (MISS 0536) .

Screening criteria consisting of published EPA water-quality criteria and instantaneous concentration values
selected by the WRD were used to identify potential water quality problems within the study area. While the
criteria represent important threshold concentrations of pollutants, it is important to remember that criteria may
have been exceeded due to any number of natural or anthropogenic factors, including errors in field, laboratory,
and/or recording procedures. The reader is advised to read the Introduction for additional caveats in interpreting
the exceeded criteria in this report. The results of the MISS water quality criteria screen found 24 parameters that
exceeded screening criteria at least once within the study area. Dissolved oxygen, pH, cyanide, chloride,
cadmium, copper, lead, mercury, selenium, silver, zinc, and DDT exceeded their respective EPA acute or chronic
criteria for the protection of freshwater aquatic life. Nitrite, nitrate, nitrite plus nitrate, cyanide, chloride, fluoride,
sulfate, arsenic, beryllium, cadmium, chromium, lead, mercury, nickel, and zinc exceeded their respective EPA
drinking water criteria. Bacteria concentrations (total coliform and fecal coliform), and turbidity exceeded the
WRD screening limits for freshwater bathing and aquatic life, respectively.

Dissolved oxygen concentrations were measured 19,404 times at 149 monitoring stations from 1926 through 1994.
Of the 17,450 observations used in the criteria analysis (see Composite Type Screen and Remark Code Screen in
the Methodology, and EPA Water Quality Criteria Analysis for Station in the Interpretive Guide To Water Quality
Results for explanation), 5,541 observations at 107 monitoring stations were below the 4 milligrams per liter
(mg/L) EPA criterion for the protection of freshwater aquatic life. The criterion was exceeded in lakes, creeks, and
rivers throughout the study area. Almost 90 percent of the observations exceeding this criterion were recorded in
lakes.

The pH was measured 11,363 times at 221 monitoring stations throughout the study area from 1927 through 1994.
Of the 9,426 observations used in the criteria analysis (see Composite Type Screen in the Methodology for
explanation), 492 observations at 75 monitoring stations were outside the pH range of 6.5 to 9.0 standard units (su)

""'Water quality station location descriptions are verbatim from STORET. Any misspellings and abbreviations in
STORET are replicated in this document.
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(EPA chronic criteria for freshwater aquatic life). Three-hundred-eighty-five observations were greater than or
equal to pH 9.0, and 107 observations were less than or equal to pH 6.5. The highest reported pH was 12.1 su in
the Mississippi River upstream of the Wabasha Street Bridge in St. Paul (MISS 0217) in April 1979. The lowest
pH was 2.1 su in Holland Lake at Eagan, Minnesota (MISS 0265) in August 1982.

Turbidity was measured 5,691 times at 134 monitoring stations from 1926 through 1993. Of the 3,810
observations used in the criteria analysis (see Composite Type Screen in the Methodology for explanation), 62
observations at 25 monitoring stations throughout the study area exceeded the WRD screening criterion of 50
JTU/FTU.

Total coliform concentrations were determined 3,107 times at 72 monitoring stations from 1926 through 1982. Of
the 1,654 observations used in the criteria analysis (see Composite Type Screen in the Methodology and EPA
Water Quality Criteria Analysis for Station in the Interpretive Guide To Water Quality Results for explanation),
1,082 observations at 46 stations throughout the study area exceeded the 1,000 CFU/MPN per 100 ml WRD
screening criterion. Fecal coliform concentrations were determined 3,224 times at 116 stations from 1963 through
1994. Of the 3,023 observations used in the criteria analysis (see Composite Type Screen and Remark Code
Screen in the Methodology, and EPA Water Quality Criteria Analysis for Station in the Interpretive Guide To
Water Quality Results for explanation), 1,351 observations at 68 stations throughout the study area exceeded the
200 CFU/MPN per 100 ml WRD screening criterion.

Nitrite concentrations (including dissolved and total as N) were measured 2,186 times at 82 monitoring stations
from 1949 through 1993. Three total concentrations ranging from 1.0 mg/L to 1.53 mg/L equaled or exceeded the
drinking water criterion of 1.0 mg/L in the Mississippi River south of St. Paul (MISS 0149), West Bay of Lake
Moore in Fridley (MISS 0374), and Rice Creek Upstream of the Mississippi River in Fridley (MISS 0403).

Nitrate concentrations (including dissolved and total as N, and as NO;) were measured 3,321 times at 99
monitoring stations from 1949 through 1992. Of the 3,231 observations used in the criteria analysis (see
Composite Type Screen in the Methodology for explanation), 12 concentrations as N and five concentrations as
NO; exceeded the drinking water criteria of 10 mg/L or 44 mg/L, respectively. The criteria were exceeded in the
Mississippi River (MISS 0027, MISS 0155, MISS 0214, MISS 0418), the Minnesota River (MISS 0311, MISS
0350), and Rice Creek at Fridley, Minnesota (MISS 0383).

Nitrite plus nitrate concentrations (including dissolved and total as N) were measured 5,163 times at 175
monitoring stations from 1946 through 1994. Of the 5,147 observations used in the criteria analysis (see
Composite Type Screen in the Methodology for explanation), 19 concentrations in the Mississippi River (MISS
0027, MISS 0046, MISS 0155, MISS 0214), the Minnesota River (MISS 0311, MISS 0314), and Rice Creek at
Fridley, Minnesota (MISS 0383) exceeded the drinking water criterion of 10 mg/L.

Chloride concentrations (including dissolved and total) were measured 4,547 times at 190 monitoring stations from
1946 through 1993. Of the 4,477 observations used in the criteria analysis (see Composite Type Screen in the
Methodology for explanation), 159 total concentrations at 25 stations exceeded the acute freshwater criterion of
860 mg/L and/or the drinking water criterion of 250 mg/L. Thirteen of the 25 stations are storm sewers.

Fluoride concentrations (including dissolved and total as F) were measured 1,416 times at 52 monitoring stations
from 1960 through 1993. Of the 1,362 observations used in the criteria analysis (see Composite Type Screen in
the Methodology for explanation), one total concentration of 5.0 mg/L in the St. Croix River at Prescott,
Wisconsin (MISS 0012) exceeded the drinking water criterion of 4.0 mg/L in February 1977.

Sulfate concentrations (including dissolved and total as SO,) were measured 1,179 times at 68 monitoring stations
from 1946 through 1993. Of the 1,109 observations used in the criteria analysis (see Composite Type Screen in
the Methodology for explanation), two total concentrations of 260 mg/L in the Minnesota River at Fort Snelling
State Park at St. Paul, Minnesota (MISS 0311) exceeded the secondary drinking water criterion of 250 mg/L in
December 1977 and January 1978.
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Total cyanide concentrations were measured 395 times at 81 monitoring stations from 1969 through 1991. Of the
392 observations used in the criteria analysis (see EPA Water Quality Criteria Analysis for Station in the
Interpretive Guide To Water Quality Results for explanation), 16 observations at stations in the Mississippi River
(MISS 0046, MISS 0111, MISS 0112, MISS 0153, MISS 0155, MISS 0158, MISS 0518), and the Minnesota
River at Fort Snelling State Park at St. Paul, Minnesota (MISS 0311) exceeded the drinking water criterion of 0.2
mg/L and/or the acute freshwater criterion of 0.022 mg/L.

Arsenic concentrations (including dissolved, suspended, and total) were measured 1,614 times at 109 monitoring
stations from 1968 through 1991. Seventy-three total concentrations exceeded the drinking water criterion of 50
pg/L in the Mississippi River (MISS 0155, MISS 0408) and lakes in Minneapolis (MISS 0441, MISS 0451, MISS
0457, MISS 0470, MISS 0479). Eighty-nine percent of the observations exceeding the criterion were recorded at
three stations: Lake Harriet (MISS 0441), Lake of the Isles (MISS 0451), and Lake Calhoun (MISS 0457).

Beryllium concentrations (including dissolved and total) were measured 149 times at 14 monitoring stations from
1972 through 1991. Twenty-two total concentrations in the Mississippi River (MISS 0036, MISS 0153, MISS
0158, MISS 0214, MISS 0518), St. Croix River at Prescott, Wisconsin (MISS 0012), and the Minnesota River at
Fort Snelling State Park at St. Paul, Minnesota (MISS 0311) exceeded the drinking water criterion of 4.0 pg/L.

Cadmium concentrations (including dissolved, suspended, and total) were measured 2,233 times at 144 monitoring
stations from 1967 through 1991. Of the 1,330 observations used in the criteria analysis (see EPA Water Quality
Criteria Analysis for Station in the Interpretive Guide To Water Quality Results for explanation), 309 observations
at 35 monitoring stations throughout the study area exceeded the drinking water criterion of 5.0 pg/L and/or the
acute freshwater criterion of 3.9 pg/L.

Chromium concentrations (including dissolved, suspended, hexavalent, and total) were measured 1,673 times at
137 monitoring stations from 1967 through 1991. Nineteen total concentrations at 11 monitoring stations
exceeded the drinking water criterion of 100 pg/L (MISS 0050, MISS 0112, MISS 0128, MISS 0427, MISS 0437,
MISS 0438, MISS 0444, MISS 0468, MISS 0484, MISS 0498, MISS 0508). Two suspended concentrations in the
Mississippi River exceeded the drinking water criterion of 100 ug/L (MISS 0112, MISS 0128). Nine of the 11
stations exceeding the criterion are storm sewers.

Copper concentrations (including dissolved, suspended, and total) were measured 2,273 times at 145 monitoring
stations from 1967 through 1991. Of the 2,094 observations used in the criteria analysis (see EPA Water Quality
Criteria Analysis for Station in the Interpretive Guide To Water Quality Results for explanation), 186
concentrations at 53 monitoring stations throughout the study area exceeded the acute freshwater criterion of 18
pg/L. Fourteen of the 53 stations exceeding the criterion are storm sewers.

Lead concentrations (including dissolved, suspended, and total) were measured 2,582 times at 146 monitoring
stations from 1967 through 1991. Of the 2,500 observations used in the criteria analysis (see Composite Type
Screen in the Methodology and EPA Water Quality Criteria Analysis for Station in the Interpretive Guide To
Water Quality Results for explanation), 893 concentrations at 62 monitoring stations throughout the study area
exceeded the acute freshwater criterion of 82 pg/L and/or the drinking water action level of 15 pg/L. Fifty percent
of the observations exceeding the criteria were recorded at four storm sewers (MISS 0050, MISS 0051, MISS
0498, MISS 0508).

Mercury concentrations (including dissolved, suspended, and total) were measured 1,413 times at 113 monitoring
stations from 1970 through 1991. Eleven total concentrations in the Mississippi River (MISS 0034, MISS 0155,
MISS 0214, MISS 0518), the Crow River at Dayton (MISS 0536), and Rogers Lake at Mendota Heights,
Minnesota (MISS 0256) exceeded the acute freshwater criterion of 2.4 pg/L and/or the drinking water criterion of
2.0 ng/L.

Nickel concentrations (including dissolved, suspended, and total) were measured 1,977 times at 128 monitoring
stations from 1967 through 1993. Sixteen concentrations (15 total and one suspended) at eight monitoring stations
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exceeded the drinking water criterion of 100 pg/L (MISS 0050, MISS 0112, MISS 0437, MISS 0438, MISS 0444,
MISS 0463, MISS 0498, MISS 0508). Seven of the eight stations exceeding the criterion are storm sewers.

Selenium concentrations (including dissolved, suspended, and total) were measured 1,059 times at 68 monitoring
stations from 1968 through 1993. Of the 1,058 observations used in the criteria analysis (see EPA Water Quality
Criteria Analysis for Station in the Interpretive Guide To Water Quality Results for explanation), one total
concentration of 25 pg/L in Bassett Creek, Epin County (MISS 0393) exceeded the acute freshwater criterion of 20
pg/L in August 1977.

Silver concentrations (including dissolved, suspended, and total) were measured 601 times at 33 monitoring
stations from 1969 through 1993. Of the 504 observations used in the criteria analysis (see EPA Water Quality
Criteria Analysis for Station in the Interpretive Guide To Water Quality Results for explanation), seven
observations (four total and three suspended) exceeded the acute freshwater criterion of 4.1 pg/L in the Mississippi
River (MISS 0036, MISS 0214), Minnesota River at Fort Snelling State Park at St. Paul, Minnesota (MISS 0311),
and Rum River at Anoka, Minnesota (MISS 0513).

Zinc concentrations (including dissolved, suspended, and total) were measured 2,340 times at 147 monitoring
stations from 1967 through 1991. One-hundred-twenty-seven observations at 37 monitoring stations throughout
the study area exceeded the acute freshwater criterion of 120 pg/L. One total concentration of 7,400 pg/L in the
Mississippi River at the Shiely Co. dock at Grey Cloud Island (MISS 0155) exceeded the secondary drinking water
criterion of 5000 pg/L in December 1975.

DDT concentrations were measured 48 times at 24 monitoring stations from 1967 through 1980. One
concentration of 2.6 pg/L in the Mississippi River, Minneapolis waterworks intake at Fridley (MISS 0408)
exceeded the acute freshwater criterion of 1.1 pg/L in December 1967.

The IDEA conducted for MISS indicates that STORET data exist for all Level I parameter groups in the park.
Sufficient quantities of timely data were retrieved for the required chemical parameters. Results for 110 of the 127
EPA priority toxic pollutants (consisting of inorganic parameters, general organics, pesticides, and PCBs) were
retrieved from STORET.

Surface water resources in the MISS study area include the Mississippi River, St. Croix River, Minnesota River,
and numerous lakes. The data inventories and analyses contained in this report indicate that surface waters within
the study area have been heavily impacted by human activities. Potential sources of contaminants include
industrial and municipal wastewater discharges, stormwater runoff, and a wide variety of public and private land
uses including recreation, and commercial/residential development.
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INTRODUCTION

The National Park Service's (NPS) Organic Act of 1916 states that the mission of the NPS is to promote and
regulate the use of national parks, monuments, and other units "... to conserve the scenery and the natural and
historic objects and wildlife therein and to provide for the enjoyment of the same in such a manner and by such
means as will leave them unimpaired for the enjoyment of future generations." One task embodied by this mission
is preserving and protecting water resources and water dependent environments in parks. Ensuring the integrity of
park water quality, due to its importance in sustaining natural, aquatic park ecosystems and supporting human
consumptive and recreational use, is fundamental to successfully addressing this task. The first step in ensuring
the integrity of park water quality is defining historic and extant water quality.

This document represents one product of an ongoing effort by the NPS Water Resources Division (WRD) and the
Servicewide Inventory and Monitoring Program to characterize baseline water quality using existing data at park
units containing significant natural resources. This effort was initiated in 1993 by the award of a contract to
Horizon Systems Corporation to retrieve, format, and analyze surface water quality data from the Environmental
Protection Agency's (EPA) Storage and Retrieval (STORET) database system. The scope of work identified in the
Request For Proposals outlined several sequential, interrelated project phases, including, but not limited to: (1)
determining the water quality retrieval/query area around each park; (2) downloading and assessing the quality of
the data from STORET; (3) generating basic water quality summary statistics and graphic plots; (4) reformatting
water quality data for compatibility with the park-based Water Quality Data Management System presently under-
development; and (5) providing recommendations concerning possible hardware, software, and personnel options
for storing combined park databases in a centralized NPS water quality database. This report documents the
results of phases one through four of this effort for this park unit.

Goal

The goal of this document is to provide descriptive water quality information in a format usable for park planning
purposes (eg. Water Resources Management Plans, Resource Management Plans, and General Management
Plans). The report is designed to characterize baseline water quality rather than assess specific water quality
problems at a park. This is consistent with the Servicewide Inventory and Monitoring Program's goal of obtaining
basic, "Level 1", water quality parameters for key waterbodies at each park (National Park Service 1993).
Consequently, this report is best used as a reference document to help design new goal-driven water quality
monitoring programs rather than as conclusive evidence of previous or existing water quality problems.

Purpose

The purpose of this report is to inventory existing park water quality data; establish baseline water quality at the
park; identify potential water quality problems; and establish a park water quality database. This report is intended
to enable park resource managers to compare and contrast water quality data collected as part of ongoing inventory
and monitoring programs with historical water quality trends. Additionally, this report is intended to foster better
designed park-based water quality inventory and monitoring programs in the future. The water quality databases
which accompany this report will also lay the groundwork for establishing a NPS water quality database that will
allow Regions and Washington Offices to generate regional and national assessments of park water quality.
Objectives

Specific objectives of the study documented in this report are to:

1. Retrieve water quality and related data from the EPA's STORET and other database systems;

2. Develop a complete inventory of all retrieved data;



3. Produce descriptive statistics and appropriate time series and box-and-whiskers plots of water quality data
to characterize period of record, annual, and seasonal central tendencies and trends;

4. Compare water quality data with relevant national EPA water quality criteria on a station-by-station and
study area basis;

5. Determine the presence and/or absence of the Servicewide Inventory and Monitoring Program's "Level 1"
water quality parameters within the study area; and

6. Reformat water quality and other related data for use in the park-based Water Quality Data Management
System, presently under-development, and other appropriate analytical tools.

Document Overview

This report is comprised of five chapters. The first chapter, this Introduction, provides a brief statement of the
study's background; goal, purpose, and objectives; and the key personnel who helped produce the document. This
chapter also contains this brief overview of the document's contents and important interpretive caveats to consider
when referring to and using this document. The second chapter focuses on the methods, procedures, and databases
that were employed to retrieve and analyze water quality data for the park. The third chapter is the user's
interpretive guide to chapter four. Chapter three explains how to interpret all the tables and figures presented in
chapter four. Chapter four, which likely comprises the majority of the document (unless there isn't much water
quality data for the park), contains detailed inventories, descriptive statistics, graphics, and national EPA water
quality criteria comparisons characterizing the park unit's water quality data on a station-by-station basis and over
the entire study area. This chapter also contains a comparison of park water quality data with the Servicewide
Inventory and Monitoring Program's "Level 1" water quality inventory parameters and a listing of water quality
observations that were outside the STORET edit criteria range. Chapter five, the Appendices, contains more
specialized materials such as the file names and database structures included on floppy disk(s) with this report;
STORET edit criteria; national EPA water quality criteria; Servicewide Inventory and Monitoring Program's
"Level I" water quality inventory parameters; selected water quality references; and other materials which provide
background on the methods, procedures, and databases used or produced by this study.

The water quality and other related data referenced in this report accompany the document on floppy disk. The
water quality parameter data file is in DBASE III+' format and will be useable in the park-based Water Quality
Data Management System presently under-development. The water quality stations, industrial facilities
discharges, drinking water intakes, water gages, water impoundments, and River Reach databases are also in
DBASE III+ and/or ASCII format for ready-use in Geographic Information Systems (GIS), Computer-Aided
Design Systems, or Desktop Mapping Systems.

Caveats

While intended primarily as a reference document, it is important that users peruse the first three chapters and
Appendices of this report to better understand and interpret the results presented in chapter four. As a means for
identifying potential areas for more intensive study, comparisons of the park's water quality data with relevant
national EPA water quality criteria for appropriate designated uses® and with the Servicewide Inventory and

'"The use and/or mention of specific proprietary hardware or software packages is for informational purposes only
and is not intended to connote or denote an endorsement.

The Environmental Protection Agency's Quality Criteria for Water 1995 Final Draft (Silver Book) was the
primary source of water quality criteria. In the spirit of the other caveats offered in this section, it is important to
recognize that water quality criteria are often revised when new or better information become available.
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Monitoring Program's "Level I" water quality inventory parameters have been made. Extreme caution must be
exercised in interpreting the results of these comparisons. Observations that exceed water quality criteria may
have occurred due to any number of natural or anthropogenic factors, as well as other reasons. For example,
STORET is a "user-beware" water quality database system. While there is some rudimentary edit (bounds)
checking of any data entered in STORET (See Appendix C), users are basically free to enter their own data.
Beyond data entry errors, the possibility of inaccurate data entering the system due to inappropriate measurement
techniques, sample mistreatment, and other reasons is a serious concern. Consequently, if observations for a
particular parameter frequently exceed the EPA water quality criterion over a prolonged time period, the best
approach is to examine in detail the data exceeding the criterion. Questions which should be asked regarding the
data include: What water source(s) are manifesting the problem? Does the data make sense? Was it collected by a
reputable organization following a sound study plan and employing accepted techniques? If the answers to these
questions still cause concern, a specific cause and effect water quality investigation focusing on the parameters of
concern may be warranted. Similarly, the absence of particular Servicewide Inventory and Monitoring Program
"Level I" water quality parameters from the park only means that no entity or organization has collected and
entered this data into the EPA's STORET database. Too frequently, data that are collected in and around NPS
units never make it into the EPA's national water quality database. These data may exist in published or
unpublished reports, file cabinets, or other databases. Before definitively concluding that no baseline data exist for
a particular parameter, these alternative resting grounds for data should be investigated. Such a detailed
exploration, however, was beyond the scope of this study.

Key Personnel

Many individuals contributed to the design and implementation of this project. The primary contributors and their
roles in the project are briefly mentioned below.

National Park Service, Water Resources Division:

Dean Tucker was the Contracting Officer's Technical Representative responsible for designing, coordinating, and
implementing all aspects of this effort.

Gary Rosenlieb provided administrative oversight and was involved in quality control for all tasks related to this
project.

Barry Long and Roy Irwin reviewed technical tasks and provided water quality expertise related to data analysis.
Gary Smillie provided hydrologic expertise in the determination of hydrologic seasons.
Julie Mattick and Scott Hermsen helped prepare the report and write the Executive Summary.

Joe Gregson and Scott Grover provided digital cartographic support, both in determining retrieval/query areas and
producing graphics.

Ken Akerman uploaded water quality data to STORET prior to report preparation.

Jacquie Nolan designed the cover and provided publications support.



Horizon Systems:

Cindy McKay served as Project Manager for Horizon Systems, performed the initial requirements analysis, and
was involved in all quality control tasks related to the project.

Alan Cahoon was responsible for automating the procedures which produced the water quality databases and
Water Quality Results chapter.

Vickie Baitinger served as the Production Technician and was responsible for executing the software and
procedures to produce the park unit chapters.

Sue Hanson, P.E., provided technical advice for writing this document.
Dr. Jim Loftis was the data quality analyst for the project.
Armando F. Ballofet, P.E., served as the local technical liaison between Horizon Systems and the NPS.
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Several other individuals provided invaluable technical review, comments, administrative support, and/or other
assistance, including: Dan Kimball, Bill Jackson, Mark Flora, Gary Williams, John Karish, Brendhan Zubricki,
Richard Hammerschlag, Randy Ferrin, Gary Vequist, Mike Martin, Kevin Berghoff, and Dyra Monroe.



METHODOLOGY

This section provides an overview of the procedures and criteria used to retrieve and analyze water quality data for
each park unit. Generating baseline water quality data inventories and analyses for all NPS units is a monumental
task. To accomplish this undertaking given a very limited budget, the procedures employed to produce each report
had to be as generic and automated as possible. Consequently, customization of reports to individual park needs
and issues was not feasible. Moreover, such customization was beyond the scope of this effort which was simply
intended to produce baseline water quality data inventories for all parks rather than customized issue-driven
reports. During the procedure-development stages of the project, specifications for the final product evolved,
within the context of the aforementioned resource constraints, to focus on comprehensive water quality baseline
data inventories and concise, descriptive statistical examinations of the available water quality data for each park
unit. Detailed below are the data sources and final methods and procedures that were used to create the baseline
water quality inventories, analyses, databases, and other products for each park unit. A thorough understanding of
the limitations of the data sources and procedures described in this chapter and the next (Interpretive Guide to
Water Quality Results) is a prerequisite to intelligent use of the results presented in this document.

Delineation of Park Study Area

The first step in retrieving water resources-related data for each park was deciding on a procedure to determine the
study area boundary. Since water flows through parks, utilizing the park boundary as a simple query/study area
was deemed inadequate. On the other end of the continuum, using the entire watershed as the study area was
considered superfluous given: (1) the areal extent of certain park watersheds (eg. the entire Mississippi River); (2)
the sheer volume of potentially irrelevant data such a large study area could generate; and (3) the resources
required to specify the watershed for each park unit. The approach which was ultimately adopted - a modified
hydrologic boundary - reflects a compromise between the park boundary and the entire watershed. Thus the study
area employed for each park is an area extending at least three miles upstream and one mile downstream from the
park boundary. Although these distances are somewhat arbitrary, this approach is easy to automate and was felt to
limit the data retrieved, in most instances, to that of most importance to the park. Extending the query area one
mile downstream of the park was intended to capture any data immediately downstream of the park which may
reflect the quality of the water in the park. A current (as possible) copy of each park's boundary was obtained in
digital format directly from the park or digitized from Regional land status maps, U.S. Geological Survey (USGS)
quadrangles, or other sources. Using GIS techniques, the boundary was used to create the three miles upstream,
one mile downstream buffer. For a few parks with which WRD water quality specialists were very familiar with
potential water quality threats and/or valuable sources of data that may lie just outside the study area, the study
area may have been tweaked (enlarged) to cover these areas of concern or interest. Unfortunately, a customized
study area was not feasible for all park units. Hence, the three miles upstream, one mile downstream buffer was
the primary study area employed for most parks. This study area was transferred to the EPA mainframe computer
and used as the basis for all water resources-related data retrievals from the data sources described below.

Data Sources

The EPA maintains many mainframe data systems related to national water resources (U.S. Environmental

Protection Agency 1992). Six of these data systems were used for this project:

. STOrage and RETrieval System (STORET) - water quality parameter data, locations of sampling
stations, descriptive elements about stations and parameters;

. Industrial Facilities Discharge (IFD) - locations of industrial and municipal point source discharge
facilities;



. Drinking Water Supplies (DRINKS) - locations of intake pipes for drinking water supplies;
. Water Gages (GAGES) - locations of USGS and other water gages;

. Water Impoundments (DAMS) - locations of most large water impoundments (greater than 10,000 acre
feet at normal pool volume) and many smaller impoundments; and

. River Reach File, Version 3 (RF3) - 1:100,000 scale geographical representation of surface waters (rivers,
lakes, etc.) with a unique identifier assigned to each surface water segment and connectivity information
useful for routing and navigation.

STORET is the national water quality data repository (U.S. Environmental Protection Agency 1989). Water
quality data is entered in STORET by public agencies (federal, state, or local) that collect water samples and/or
perform laboratory analysis. As such, STORET is a "user-beware" data system. Although the EPA manages the
STORET data system and, since November 1983, has imposed some minimum quality control criteria on the data
(See Appendix C), data are generated and input to STORET by the "owner" agencies. Consequently, the EPA
does not certify any data within STORET. Currently, there are over 800,000 active and inactive sampling stations
and more than 225 million observations covering in excess of 13,000 water quality parameters entered in
STORET. The earliest data dates back to the turn of the century. Using the bi-monthly update cycle, user
agencies may store results of recent monitoring activities in STORET. Included in STORET is USGS
WATSTORE water quality data, which is updated on a monthly basis. Although STORET contains a phenomenal
amount of data, it is important to note that data exist in STORET only if the collectors decide to upload their data
to the system. Since many agencies and researchers do not upload their data to STORET, the absence of water
quality data in the system for a particular area doesn't mean that there has never been any water quality data
collected for the area. The data may exist in published or unpublished reports, file cabinets, or in agency-specific
databases. Identifying and retrieving these other sources of data were beyond the scope of the present effort. All
parameter data and water quality station location data downloaded from STORET within the park's study area are
included in DBASE III+ format files on disk(s) accompanying this report (See Appendices A and B).

The data within the IFD database are extracted from the EPA's Permit Compliance System (PCS). IFD contains
the facility locations of all industrial and municipal dischargers which require a National Pollutant Discharge
Elimination System (NPDES) permit to operate. Over 7,100 municipal, federal, and industrial facilities
discharging into the waters of the United States are tracked by PCS and IFD. If any industrial facilities discharges
exist within the study area, a file in DBASE III+ format documenting a variety of information about each
discharge accompanies this report on disk (See Appendices A and B).

The EPA DRINKS database identifies locations of drinking water supply intakes. This file contains data for 850
supplies which serve more than 25,000 people, and 6,800 supplies which serve between 1,000 and 25,000 people.
If any drinking water intakes exist within the study area, a file in DBASE III+ format documenting a variety of
information about each intake accompanies this report on disk (See Appendices A and B).

The GAGES data originates primarily with the USGS and copies are maintained on the EPA mainframe computer
for ease of integration with other EPA national data systems. Although other agency's water gages, as well as
some artificial gages, may appear in GAGES, the vast majority of gages are stream gages belonging to the USGS.
The GAGES database contains approximately 36,000 records for both active and inactive gaging stations. If any
USGS or other agency stream gages occur within the study area, a file in DBASE III+ format documenting several
fields of information about each gage accompanies this report on disk (See Appendices A and B).

The Water Impoundment database was originally compiled by the U.S. Army Corps of Engineers in response to a
Congressional inquiry on dam safety hazards (GKY and Associates 1990). The EPA subsequently modified the
database for use in water quality investigations. Of the 68,155 dams in the database, 2,125 are considered large
(impounding 10,000 acre feet or more at normal pool volume). It is important to note that while the database
includes entries for 66,030 smaller dams, estimates place the actual number of dams in the U.S. at several million
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(including small farm ponds). If any water impoundments occur within the study area, a file in DBASE III+
format documenting several fields of information about each impoundment accompanies this report on disk (See
Appendices A and B).

The RF3 data system is a hydrologic database of surface water features across the U.S. (excluding, at present,
Idaho, Oregon and Washington, which currently operate a different system - although this data is expected to be
converted to RF3 soon, Alaska and Hawaii). RF3 was created primarily from 1:100,000 scale USGS Digital Line
Graph data. RF3 is made up of over 3,000,000 individual "reaches". A reach is generally defined as a portion of
surface water between two confluences (U.S. Environmental Protection Agency 1993). The linework underlying
RF3 contains over 95,000,000 coordinate points. RF3 is designed to facilitate hydrologic routing, identifying
upstream and downstream elements, and specifying the exact location of any point on a stream network. RF3 data
exists as a series of traces with associated attributes. The EPA project which is producing RF3 is being conducted
in three phases: Compilation, Assessment, and Revision. The Compilation phase is complete except for Idaho,
Washington, Oregon, and Alaska. The Assessment phase was completed during the first half of 1994; while the
Revision phase was begun in March 1994. One important outcome of the Revision phase is that the reach codes
which uniquely identify each surface water feature will change. Consequently, these codes should not be used, at
this time, as keys for relating other data to RF3. The RF3 data provided with this document is provisional and
should be used only to provide a geographic backdrop for the park's water quality data. RF3 data covering each
USGS catalog unit (a geographic area representing a single or multiple drainage basin(s), or some other distinct
hydrologic feature (U.S. Geological Survey 1982)) touched by the park's study area is included in ASCII export
and DBASE 11+ formats on the disk(s) accompanying this report (See Appendices A and B).

For additional information on any of these data systems, contact the EPA Office of Water at (202) 260-7028.

Data Retrieval and Analysis Procedures

The six EPA data systems discussed above reside on the EPA mainframe computer located in Research Triangle
Park, N.C. Horizon Systems used a dedicated, leased telephone line with a data transfer rate of 9600 bits per
second to download data occurring within the park's study area from all the databases. The bisynchronous
communication software and hardware provided error checking during all data transfer procedures.

As described above, the park study/query area boundary was used to select the water quality stations, industrial
facilities discharges, drinking water intakes, water gages, water impoundments, and river reaches associated with
the park unit. For various reasons, screening criteria (described later in this section) were employed to select
appropriate water quality stations, parameters, and observations. Horizon Systems wrote several mainframe
programs to automate, to the greatest extent feasible, the STORET data retrieval and storage procedures. Once the
data were extracted from the EPA data systems, they were downloaded to a microcomputer for statistical analyses
and reformatted into DBASE III+ compatible format.

Specifically, once on the PC, the data were processed to:

€)) Reformat the data into DBASE III+ format and other database structures;

2) Eliminate questionable data outside the STORET edit criteria ranges (See Appendix C);

3) Display on a map the location of water quality monitoring stations and other water resources themes;

@) Determine the frequency of water quality observations by station, parameter, and station/parameter;

5) Generate descriptive period-of-record water quality statistics in a tabular format;

(6) Generate appropriate descriptive annual and seasonal analyses of the water quality data in a tabular
format;

@) Plot appropriate period of record time series and annual and seasonal box-and-whisker graphs;

®) Compare the water quality data against relevant EPA national criteria; and



9 Compare the water quality data against the NPS Servicewide Inventory and Monitoring Program's "Level
I" water quality parameters.

Special customized microcomputer programs (primarily written in Clipper and Microsoft Professional BASIC)
and procedures were created to address each of these tasks. All reformatted database files are included on disk(s)
accompanying this document. The contents of these databases are described briefly below. Complete database
structures are included in Appendices A and B. The descriptive water quality tabular statistics (see "Statistical
Analyses" below) were computed based upon NPS specifications. Command or batch files were generated to
drive STATGRAPHICS 7.0 in order to produce all the time series and box-and-whiskers plots.

Park Unit Databases

Up to seven digital databases in DBASE III+ and other formats have been created for the park by querying the
water resources-related data sources described above. The disk(s) containing these databases accompany the
report. The contents of each of these databases are discussed briefly below. More detailed documentation of these
databases is included in Appendices A and B.

(A) Water Quality Parameter Data: This database includes all the water quality parameter data downloaded
from STORET that passed the STORET Edit Criteria, Date, Station Type, and Phase 0 Parameter screens
(described below) and is summarized tabularly and graphically in this document. This constitutes the
park's baseline water quality data. Since it is already in digital format, more sophisticated analysis of the
data is possible than the descriptive statistics and graphics presented here.

B) Water Quality Station Locations: This database consists of the STORET header information describing
each station where water quality data was collected. As the latitude and longitude of the station are
included in the database, this file is easily imported into the park's GIS.

© Industrial Facility Discharge Locations: This database includes any industrial or municipal point source
discharges located within the park's study area. As the latitude and longitude of each discharge facility
are included in the database, this file is easily imported into the park's GIS.

(D) Drinking Water Intake Locations: This database includes any drinking water intakes located within the
park's study area. As the latitude and longitude of each intake are included in the database, this file is
easily imported into the park's GIS.

(E) Water Gage Locations: This database includes water (stream, lake, estuary, well, spring, climate, or
other) gages located within the park's study area. Most of the gages will likely be stream gages belonging
to the USGS. As the latitude and longitude of each gage are included in the database, this file is easily
imported into the park's GIS.

F Water Impoundment Locations: This database includes any water impoundments (dams) located within
the park's study area. As the latitude and longitude of each impoundment are included in the database,
this file is easily imported into the park's GIS.

(G) River Reach Data: This database includes all stream traces (1:100,000 scale) and attributes for reaches
falling within any USGS catalog unit that touches the park's study area. The traces are geo-referenced in
ASCII format. The attributes are in both ASCII export and DBASE III+ formats. This information is
also readily incorporated into the park's GIS.

The absence of any of these seven files from the disk(s) accompanying the report indicates that there was either no
data of this type within the park's study area or the data was unavailable. Several other files are included on the
disk(s) accompanying this report, including digital copies of all the figures and tables contained in the document
and some other items. Refer to Appendices A and B for detailed documentation of these files. Not included on
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disk is an Encyclopedia File (for WRD reference) that documents the minimum and maximum values for each
water quality parameter and the parks in which those values were recorded. When Baseline Water Quality Data
Inventory and Analysis reports have been completed for all parks, this Encyclopedia File will be available upon
request from the NPS WRD.

Screening Methodologies and Procedures

Developing automated or semi-automated procedures to produce baseline water quality inventories and analyses
for all national park units required constant testing and debugging of procedures. Three parks, Rock Creek Park,
Yellowstone National Park, and Indiana Dunes National Lakeshore, were used to pilot test and refine the
automated procedures. It became evident, after a preliminary analysis of all the downloaded STORET data,
especially for Indiana Dunes National Lakeshore, that the specifications for the graphical analyses could generate
hundreds (possibly thousands) of plots, many of which would not necessarily be useful. Also, there were many
stations; parameters; and/or observations downloaded that were not part of the study's objectives; not overly
useful; or of dubious quality. In order to reduce the number of graphical plots (time series, annual and seasonal
box-and-whiskers) to fit within project resources, various screening criteria were investigated. Ultimately, a
comprehensive set of screening criteria were developed to reduce the number of graphical plots. After initial
counts of the total number of possible time series and annual and seasonal box-and-whiskers plots were generated,
these counts were used to decide which screening criteria would be applied to limit the number of these plots
produced for the park unit. Additional screening criteria were employed to restrict the tabular descriptive statistics
results to only those deemed useful to the park. Table A provides the categories of screening criteria and to which
analyses the screens were applied. A "yes" entry in the table means that the screening category eliminated or
prevented data from appearing in certain tables and plots contained in the document. Consequently, in
understanding how data from STORET was used in this report, it may be helpful to keep in mind the three general
types of screening criteria: (1) screens that apply to stations; (2) screens that apply to certain parameters at stations;
and/or (3) screens that apply only to particular observations of parameters at stations. A detailed description of
each of the screening criteria categories follows this table. It is important to note that statistics in "Inventory”
reports may not be consistent with statistics in "Overview" reports since different categories of screening criteria
were applied. Also, if attempting to replicate the results of the statistical and graphical analyses presented in this
document, be sure to follow the same screening methodologies.

STORET Edit Criteria

U

As mentioned previously, STORET is a "user-beware" data system. As the EPA doesn't certify any data in
STORET, public agencies enter and are responsible for the quality of their own data. Only data entered since
November 1983 have been subjected to any rudimentary edit/bounds checking. Agencies entering data since this
date can elect to override the edit/bounds checking for individual observations. USGS WATSTORE water quality
data is entered into STORET without any EPA edit/bounds checking to ensure data integrity between
WATSTORE and STORET. Unfortunately, during the course of our pilot tests, erroneous USGS and EPA water
quality data values were discovered. In order to eliminate as much "bad" data as possible, all water quality data
downloaded from STORET was subjected to automatic edit/bounds checking (STORET Edit Criteria contained in
Appendix C) for the 190 most common parameters. Observations falling outside the STORET Edit Criteria were
documented (See the Water Quality Observations Outside STORET Edit Criteria for Park section in the Water
Quality Results chapter) and then retained or discarded from the database and all tables and plots based on whether
the value was judged as being in the realm of possibility. Although the STORET Edit Criteria screen likely
removed some "bad" data for these common parameters, the probability of other erroneous data in the database is
high. Be sure to consult the Caveat section in the Introduction.



Table A. Categories of Screening Criteria and to Which Output Products They Apply (A "yes" Entry Means the Screening Category Eliminated or
Prevented Data From Being Used in the Product):

Screening Data Overview Inventory Annual Seasonal Standards Plots

Category Download Tables Tables Tables Tables Tables (Al
STORET Edit Criteria yes yes yes yes yes yes yes
Date yes yes yes yes yes yes yes
Station Type yes yes yes yes yes yes yes
Phase 0 Parameter yes yes yes yes yes yes yes
Phase 1 Parameter no no yes yes yes yes yes
Media Type no no yes yes yes yes yes
Remark Codes no no yes yes yes yes yes
Composite Type no no yes yes yes yes yes
Phase 2 Parameter no no no no no no yes
Observations/Period of Record no no no yes yes no yes

Date Screen

Every water quality observation in STORET typically has a sampling date associated with it. Unfortunately,
STORET does not prevent users from entering incorrect dates. Consequently, any water quality observation with
an incorrect and/or suspect date (eg. a month greater than 12; a day greater than 31; or a sample date later than the
STORET retrieval date) were discarded.

Station Type Screen

STORET contains data from a wide variety of stations classified by the type of waterbody in which samples were
collected. As this project's purpose was to inventory and analyze surface-water quality, the following surface-
water station types were retrieved (clarification provided in parentheses):

Station Types Included In Retrieval
(a) STREAM

(b) CANAL

(c) LAKE

(d) RESERV (Reservoir)

(e) SPRING

(f) FWTLND (Fresh Water Wetland)
(g) SWTLND (Salt Water Wetland)
(h) ESTURY (Estuary)

(i) OCEAN

Ground water and/or other station type data may have been retrieved if the entering agency classified the station
type incorrectly. Rectifying this error was beyond the scope and resources of this project.
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Phase 0 Parameter Screen

Nearly all water quality parameters associated with each station type listed above were retrieved. The only
exception to this was the exclusion of most of the STORET administrative parameters. A complete list of
STORET administrative parameters is included in Appendix D. The few administrative parameters that were
included in the retrievals are as follows:

Code STORET Administrative Parameter Description
00027 Code No. for Agency Collecting Sample

00028 Code No. for Agency Analyzing Sample

00063  Sampling Points, Number of In a Cross Section
00111 Ratio of Fecal Coliform to Fecal Streptococci
00115 Sample Treatment Code (1=Raw, 2=Treated)
34772 NPDES Number, Cross Reference

45580 Method of Analysis

74065  Stream Flow Class

74066  Annual Runoff

74067  Soil Classification

74068 Water Quality Designated Use Classification

Phase 1 Parameter Screen

Some of the data retrieved from STORET was not suitable for statistical or graphical analysis. Consequently, this
screening criterion eliminated all parameters which were not suitable for statistical or graphical analysis within the
context of this project. The full list of these parameters is presented in Appendix E. Examples of parameters
excluded from statistical and graphical analysis include the administrative parameters mentioned above, land use
acreage, encoded values, dates, latitude/longitude, etc. Excluded parameters do, however, appear in the Parameter
Period of Record and Station/Parameter Period of Record (two of the "Overview" Tables), as well as in the water
quality parameter file included on disk(s) accompanying this report.

Media Type Screen

Water quality samples can be taken in a variety of aqueous media. Water quality data were retrieved from
STORET only if the media were WATER or VERT (vertically integrated). WATER and VERT samples comprise
the overwhelming majority of samples in STORET. The media screen eliminated the following water quality
sampling media:

Media Screen Description

BOTTOM Sampled At the Bottom
DREDGE Sampled By Dredge
PORE Pore Sample

CORE Core Sample

Remark Code Screen

STORET enables the agency collecting water quality samples to provide a qualifying remark for each parameter
observation. These remarks provide additional information about the measured or observed value entered into
STORET (See Appendix B - Parameter Data File for a complete listing and description of all remark codes).
Based on the STORET remark codes, two potential screens were applied to water quality observations based on
whether the measured value was used in subsequent analyses: (1) Elimination or (2) Modification/Inclusion.
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Elimination:

Non-composite water quality parameters with the remark codes presented in Table B were eliminated from the
period of record, annual, and seasonal descriptive statistics and graphics. Not including observations with these
remarks was justified by the fact that most of the remarks: (A) indicate either less confidence in the measured
value; (B) are remarks for nominal or categorical data that doesn't lend itself to statistical analysis; or, (C)
complicate the statistical analysis beyond the scope of this effort. Observations containing these remark codes
comprise a very small fraction of the data. Although statistical analyses weren't undertaken on this data, all water
quality observations, regardless of remark code, are included on disk(s) accompanying this report. If you re-
analyze this data in order to replicate the results presented here, be sure to eliminate all non-composite
observations with the remark codes presented in Table B.

Table B. Non-composite Parameters With the Following Remark Codes Were Eliminated From Statistical and

Graphical Analysis:
Remark
Code Description of STORET Remark Code

F Female Species.

J Estimated, Not the Result of Analytic Measurement.

M Presence Verified, But Not Quantified, Below Quantification Limit. For Species, Male. For

Oxygen Reduction Potential, Indicates Negative Value.

N Presumptive Evidence of Presence.

(0] Analysis Lost.

A% Analyte Was Detected In Sample and Method Blank.
W Less Than Lowest Value Reportable Under Remark "T".

Z Too Many Colonies Were Present to Count (TNTC), Value Represents Filtration Value.

Modification/Inclusion:

Water quality parameter observations with the remark codes presented in Table C were halved prior to inclusion in
period of record, annual, and seasonal descriptive statistics and graphics. These remark codes deal with
observations that were below the detection limit for the parameter. The common water quality data analysis
convention for these remark codes is to use half of the detection limit in statistical analyses (Ward, Loftis, and
McBride 1990; Gilbert 1987). Although this is a somewhat defensible treatment of observations below the
detection limit, the statistics that may be computed using these halved values may not be defensible.
Consequently, any computed statistics in inventory, annual, or seasonal tables that are comprised of 50% or more
K, T, and U remark codes are footnoted "Computed with 50% or more of the total observations as values that were
half the detection limit." This will provide the user with some caution in using and interpreting these results.
Water quality data included on disk(s) accompanying this report that may have these remark codes are stored as
the original entry (detection limit). If you re-analyze this data in order to replicate the results presented here, be
sure to substitute half the detection limit value in the database whenever these remark codes are encountered.
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Table C. The Value of Water Quality Parameters With the Following Remark Codes Were Halved (Half of the
Detection Limit Entered In STORET) Prior to Inclusion In Descriptive Statistics and Graphics:

Remark
Code Description of STORET Remark Code
K Off-scale Low, Actual Value Not Known, But Known to Be Less Than Value Shown.
T Less Than Detection Criteria.
U Analyzed For But Not Detected, Value is Detection Limit For Process Used. If Species,
Undetermined.

Composite Type Screen

Sometimes data entered in STORET represent something other than a single measurement at one location at one
point in time. These samples are typically referred to as composite samples due to the fact that they vary
temporally and spatially. Consequently, the observation entered into STORET for composite data is typically a
computed value that summarizes the data over time and/or space. Such data complicate statistical and graphical
analyses and must be handled separately. Such treatment was beyond the scope of this study; although composite
values typically represent only a fraction of STORET observations. The composite type screen eliminates all
composite observations from statistical and graphical analyses, except those with a composite type code of "A"
that have a one day or less sampling period and those with a composite type code "D". All water quality
observations, regardless of composite type code, are included on disk(s) accompanying this report. If you re-
analyze this data in order to replicate the results presented here, be sure to exclude all composite observations
except those with a code of "A" that have a one day or less sampling period and those with a code of "D". Table D
presents a list of possible STORET composite type codes.
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Table D. Possible STORET Composite Type Codes

Composite Type Code STORET Composite Type Description
A Average
H Maximum
L Minimum
N Number of Observations
# Number of Observations
S Standard Deviation
U Sum of Squares
v Variance
C Coefficient of Error
X Coefficient of Variance
E Skewness
F Kurtosis
Z Number of Obs. That Exceed An Established Limit
% Precision
$ Accuracy
B N/A
D Indicates Replicate Sample

Phase 2 Parameter Screen

Due to budgetary limitations, the number of graphical plots (time series, annual and seasonal box-and-whiskers)
produced had to be manageable - typically no more than 100 total plots. After scrutinizing the results of the pilot
tests and the Baseline Water Quality Data Inventory and Analysis Reports produced for the first group of parks,
the 19 parameters which, typically, were the most frequently measured at nearly all stations were water
temperature, stage, discharge, and various meteorological measurements (See Table E). Consequently, most of the
graphical plots produced would be of water temperature, stage, discharge, and meteorological conditions.
Although these are important parameters, particularly in conjunction with other water quality parameters, it was
felt that plotting resources would be better allocated to other water quality parameters. Consequently the STORET
parameter codes listed in Table E never generated graphical plots. It is important to note, however, that these
parameters are included in all other aspects of the project, including all applicable period of record, annual, and
seasonal descriptive statistics tables.
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Table E. Frequently Measured STORET Codes That Were Prevented From Generating Plots

STORET Parameter Code STORET Parameter Description
00003 Sampling Station Location, Vertical (Feet)
00010 Water Temperature (Degrees Centigrade)
00020 Temperature, Air (Degrees Centigrade)
00021 Temperature, Air (Degrees Fahrenheit)
00025 Barometric Pressure (MM of HG)
00032 Cloud Cover (Percent)
00035 Wind Velocity (Miles Per Hour)
00036 Wind Direction in Degrees from Trun N (Clockwise)
00040 Wind Direction (Azimuth)
00045 Precipitation, Total (Inches Per Day)
00046 Precipitation, Total (Inches Per Week)
00052 Humidity, Relative (Percent)
00061 Stream Flow, Instantaneous (CFS)
00065 Stream Stage (Feet)
81903 Depth of Bottom of Water @ Sample Site (Feet)
82553 Rainfall In 1 Day Inclusive Prior to Sample (Inches)
82554 Rainfall In 7 Days Inclusive Prior to Sample (Inches)
82371 Rainfall In 3 Days Inclusive Prior to Sample (Inches)
82372 Rainfall In 14 Days Inclusive Prior to Sample (Inches)
85599 Precipitation, Total/Period-Rain Equivalent (Cm/Sample)

Observations/Period of Record Screen

Despite never plotting water temperature, stage, discharge, and meteorological measurements, the number of plots
generated by some parks still exceeded the 100 plot limit. Also, some rationale was needed to plot only those
parameters with sufficient data density to make a meaningful statistical graphic. For example, time series plots
comprised of only a few observations or annual or seasonal box-and-whiskers plots with limited observations
and/or data in only one or two years or seasons are not very informative. Consequently, a number of plotting
criteria were developed to limit the number of time series and box-and-whiskers plots to, at most, 100 informative
graphics by using each parameter's number of observations and period of record. Similar, albeit less stringent
criteria, were used for including results of annual and seasonal analyses in descriptive statistics tables.
Consequently, there are more summaries of annual and seasonal results in tables than in graphics. Whenever an
entry in an annual or seasonal table generated a plot, this entry was footnoted to notify the reader of the presence of
the graphic. Due to differing quantities of data at parks, different screening criteria were employed. The same
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criteria for appearance in seasonal and annual tables were used for all parks. Table F presents the least stringent
plot screens.

Table F. Least Stringent Plot Screening Criteria Used to Limit the Number of Plots Generated

Time Series:

To generate a time series plot, a station/parameter combination must have a period of record of at least 2
years and a total of at least 8 observations.

Annual Analysis:

To generate an annual box-and-whiskers plot, a station/parameter combination must have at least 9
observations in each of at least 4 years. The years do not have to be consecutive.

Seasonal Analysis:
To generate a seasonal box-and-whiskers plot, a station/parameter combination must have at least 9

observations in each of 2 seasons and a period of record of at least 6 years and observations in at least 3
of the 6 years. The years do not have to be consecutive.

The exact three plot screens used varied by park unit and are documented in the Overview section of the Water
Quality Results chapter. If your park's plotting criteria deviated from these least stringent criteria, it is because too
many plots would have been generated using these criteria.

The criteria used for appearance of station/parameter combinations in annual and seasonal analysis tables are

presented in Table G. These tabular criteria, which are actually the least stringent plotting criteria, were constant
from park to park.

Table G. Ciriteria Used for Generating Entries in Annual and Seasonal Analysis Tables

Annual Analysis:

For an entry to appear in an annual table, a station/parameter combination must have at least 9
observations in each of at least 4 years. The years do not have to be consecutive.

Seasonal Analysis:
For an entry to appear in a seasonal table, a station/parameter combination must have at least 9

observations in each of 2 seasons and a period of record of at least 6 years and observations in at least 3
of the 6 years. The years do not have to be consecutive.
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Statistical Definitions

Since this report is intended only to characterize historical and/or existing water quality at the park rather than
address specific water quality problems, only simple descriptive statistics are presented. Inferential and non-
parametric statistical analysis to examine relationships and trends were beyond the scope of the study. The
complete water quality dataset is provided on disk accompanying this report to afford the opportunity for more
detailed exploratory data analysis. The descriptive statistics are included in the inventory, annual, and seasonal

tables. Table H provides a brief definition of each descriptive statistic provided for each parameter at a station.

Table H. Definition of Descriptive Statistics Contained in Inventory, Annual, and Seasonal Tables

Observations:

Median:

Mean:

Maximum:

Minimum:

Variance:

Standard
Deviation:

10th Percentile:

25th Percentile:

75th Percentile:

90th Percentile:

The number of samples collected.

The median is the 50th percentile or the value in a dataset sorted in
ascending order that exceeds 50% of all observations, yet is also exceeded
by the remaining 50% of all observations.

The sum of all observations collected divided by the number of
observations.

The maximum value observed.
The minimum value observed.

This is a measure of variability or dispersion of the observations; or, in other
words, describes how many observations are close (or far), from the mean.
It is calculated as the weighted average of the squared deviations from the
mean.

The positive square root of the variance.

The value in a dataset sorted in ascending order that exceeds 10% of all
observations, yet is itself exceeded by the remaining 90% of all
observations.

The value in a dataset sorted in ascending order that exceeds 25% of all
observations, yet is itself exceeded by the remaining 75% of all
observations. The 25th percentile is also known as the first quartile.

The value in a dataset sorted in ascending order that exceeds 75% of all
observations, yet is itself exceeded by the remaining 25% of all
observations. The 75th percentile is also known as the third quartile.

The value in a dataset sorted in ascending order that exceeds 90% of all
observations, yet is itself exceeded by the remaining 10% of all
observations.
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As with the tabular descriptive statistics, the scope of the project limited the generation of exploratory graphics to
time series plots and annual and seasonal box-and-whiskers plots. Plots were only generated, however, provided
the parameter met or exceeded the relevant plotting criteria specified in the previous section.

Time series plots display the parameter concentration on the Y-axis and the date on the X-axis. This provides the
user with a visual feeling for not only the parameter's concentration and variability over time, but also the density
of data in different time periods. The time series plots provide a visual representation of the data in the basic
station inventory. Due to software limitations, a line connects each measured value in sequence regardless of the
time period between samples. Readers are cautioned not to assume that the concentration of the parameter
between any two data points can be represented by a straight line. It is likely that the concentration varied between
any two observations, particularly if the observations are separated by a significant time period.

The annual and seasonal box-and-whisker plots provide a graphical
overview of the measured data and give the user a better understanding
of the data's distribution and possible outliers. In essence, the
box-and-whisker plots provide a visual representation of the data

+ Far Outlier

contained in the annual and/or seasonal tables. The interpretation of the Lo

boxes is provided in the figure to the right. Each box encompasses the 1.5 x Interquartile Range
middle 50 percent of measured values (from the 75th to 25th

percentiles). The difference between the 75th and 25th percentiles is | ------7------ 75th Percentile

also known as the interquartile range. The horizontal line inside each l

box is the median or 50th percentile. The lines which extend out from Interquartile Median

Range
each end of the box are the whiskers. The whiskers extend out from first

quartile (25th percentile) and third quartile (75th percentile) to the | ------+------ 25th Percentile
smallest data point within 1.5 interquartile ranges from the first and third
quartiles. Observations that extend beyond the whiskers are known as
outliers. Far outliers are observations whose values lie more than three . Outiier
interquartile ranges below the first quartile or above the third quartile.
These are designated with plus signs.

1.5 x Interquartile Range

+ Far QOutlier
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INTERPRETIVE GUIDE
TO WATER QUALITY RESULTS

This interpretive guide discusses each of the products presented in the next chapter - Water Quality Results. This
chapter highlights how each of the tables and figures were prepared and how they can be used. Each subheading
in this chapter corresponds to a particular product in the subsequent Water Quality Results chapter.

Overview

The Overview provides a brief one-page summary of the results of the various database retrievals for both the
study area and the park. The study area results include the park results since the study area encompasses the park
and all lands and waters within at least 3 miles upstream and 1 mile downstream of the park. Thus, the GIS
estimated acreage of the study area should always be greater than the park acreage. The park acreage was
computed from the digital boundary that was obtained for the park. More than likely this acreage will differ,
perhaps significantly, from the "official" published acreage for the park due to the spatial and temporal accuracy of
the digital boundary, treatment of inholdings, and other concerns. The number of STORET stations is the number
of locations within the study area and park where an agency monitored (or intended to monitor) water quality. The
number of stations with no data reveals the number of stations created in STORET for which water quality data
were never entered. The number of stations with no statistical analysis reports the number of stations in the study
area and park that contain data not amenable to normal parametric statistics. The number of longer term stations
indicates the number of stations in the study area and park with at least 6 parameters having periods-of-record
extending 2 years with an average of at least 1 observation per year over the period-of-record. The date of
STORET retrieval is the calendar date when Horizon Systems downloaded all the data from STORET. Thus, the
report documents all data entered in STORET prior to the retrieval date. Keep in mind that an agency can upload
archival data at any time. Consequently, a retrieval date only guarantees that as of that date, this report contains all
the data that had been entered into STORET. The period of record is the earliest date for which water quality data
exist in STORET for the study area and park up to the date when the most recent data were entered prior to the
retrieval date. The number of parameters measured is the number of unique water quality parameters measured
within the study area and park and entered in STORET. The number of water quality observations is the sum of
the total number of observations across all parameters within the study area and park. The number of
industrial/municipal facilities discharges, drinking water intakes, water gages, and water impoundments are the
number of each of these entities found within the study area and park. The number of time series, annual, and
seasonal plots are the number of these different types of graphics produced by station/parameter combinations
within the study area and park using the plotting criteria described in the previous chapter. The hydrologic
seasons, described below, are the seasons used for the seasonal water quality data analysis. The time series,
annual, and seasonal criteria are the plot and tabular screening criteria described in the previous chapter.

Regional Location Map

The Regional Location Map provides a small scale, general representation of the park and study area location
within the United States. Digital, reproducible copies of this graphic are included on the disk(s) accompanying
this report.

Water Quality Monitoring Locations Map(s)

The Water Quality Monitoring Locations Map(s) usually provides a larger scale representation of the park and
study area than the Regional Location Map. This map indicates the locations within the study area where water
quality has been monitored and the data entered into STORET. The water quality monitoring stations are labelled
sequentially with the rightmost significant digits. The station names were assigned in numerically ascending order
by latitude (for parks with a greater north-south extent than east-west) or longitude (for parks with a greater east-
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west extent than north-south). Thus, this map serves as a visual index to the water quality data contained in the
report. Since the 1:100,000 scale hydrography (from the River Reach File Ver. 3.0 or other sources) is displayed
on the map, users can refer to the map to locate the station number on the reach in which they are interested and
then find the appropriate section in the report that documents the water quality at that station. If the scale allows,
USGS catalog units are also displayed on the map to provide an approximation of drainage basins. More than one
Water Quality Monitoring Location map may be presented if the scale requires breaking the area into multiple
maps for legibility. If multiple maps are necessary, an index map showing the geographic extent of each sub-map
or panel will be present. Digital, reproducible copies of this graphic are included on the disk(s) accompanying this
report. The digital, geo-referenced data files documented in Appendices A and B will allow the park to create
water quality monitoring stations as a coverage in their GIS.

Dischargers, Drinking Intakes, Gages, and Impoundments Map(s)

The Dischargers, Drinking Intakes, Gages, and Impoundments Map(s) displays the same information as the Water
Quality Monitoring Location Map(s) except the water quality stations are replaced by industrial/municipal
facilities discharges, drinking water intakes, active and inactive gage locations, and water impoundments. This
map also serves as a visual index allowing the user to determine the identification code of each discharger,
drinking intake, gage, or impoundment. This number can then be used to obtain additional information about the
entity on the following page of the report or to refer to the more detailed database files accompanying the report on
disk. These more detailed database files are geo-referenced (See Appendices A and B), thus allowing the park to
create these coverages in their GIS. More than one Dischargers, Drinking Intakes, Gages, and Impoundments map
may be presented if the scale requires breaking the area into multiple maps for legibility. If multiple maps are
necessary, an index map showing the geographic extent of each sub-map or panel will be present. Digital,
reproducible copies of this graphic are also included on the disk(s) accompanying this report.

Industrial Facilities Discharges, Drinking Water Intakes, Water Gages, and Water Impoundments Table

This table provides some additional information about each of the discharges, drinking intakes, water gages, and
water impoundments displayed on the previous map(s). This information generally includes the site identification
number; the station or facility name; an address or some other indication of location; and some other pertinent
information. More detailed information about each of these entities is contained in the database files on disk
accompanying the report (See Appendices A and B).

Representative Mean Annual Hydrograph for Seasonal Analysis

One component of the water quality data analysis contained in the document is a seasonal analysis of the data
(where adequate data exist). In order to undertake this analysis, some representation of the park's seasons was
required. Seasons can be based on many factors (eg. hydrologic, climatic, recreational use, etc.). Since project
resources did not allow us to contact every park and discuss with resource management staff what appropriate
seasons may be for the park, WRD staff elected to adopt primarily a hydrologic/climatic definition of the seasons
which uses a process of hydrograph separation to glean seasons from stream discharge patterns. The procedure
employed to make these determinations was as follows:

(1) Find the nearest USGS Hydro-Climatic Data Network (HCDN) station (U.S. Geological Survey 1992) to the
park that is most representative of streamflow conditions at the park. The HCDN is basically a subset of
USGS streamflow stations, including only those stations that are unaffected by artificial diversions, storage, or
other disruptions of the natural channel. All HCDN stations generally have at least a 20 year period of record.
Consequently, discharge patterns at these stations should reflect only hydrologic and climatic influences. For
the most part, selected HCDN sites were typically within 15-20 miles of the park. In some parks where WRD
staff were aware of the existence of a stream gage located within the park that would be more representative
of park waters even though it wasn't an HCDN site, this gage was selected.
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(2) Retrieve the daily discharge values for the selected station from the USGS Daily Values File and generate a
mean annual hydrograph and a box-and-whiskers plot of daily flows by month.

(3) Interpret the plots based on our knowledge of the hydrologic regime at these parks and assign seasons.

This approach, used for the majority of parks, assumes that most water quality data at the park will be found in
streams and that the discharge pattern of the selected stream is representative of the seasons for all park
waterbodies. Although this assumption may be weak for certain parks, project resources did not allow a more
thorough investigation. For parks where there wasn't any stream gage (HCDN or otherwise) deemed
representative of park waters, precipitation records from a nearby meteorological station were obtained from the
National Climatic Data Center. Plotting daily average precipitation and box-and-whiskers of monthly precipitation
sums allowed WRD hydrologists to make a rough approximation of climatic seasons for use in analyzing the water
quality data.

Again, it is important to note the many ways of defining "seasons" and thus the limitations of the seasonal analysis
contained in this document. For certain parks it may be more useful to perform a seasonal analysis with seasons
defined by recreational use patterns or some other natural or anthropogenic factor. This option is available to the
park since all the water quality data analyzed in this document is contained on disk(s) accompanying this report.
Digital, reproducible copies of this seasonal analysis graphic are also included on the disk(s) accompanying this
report.

Contacts for Agency Codes Retrieved

This table provides a list of the organizations who have entered data into STORET. A contact name at the
organization and a phone number are also supplied. The agency code in the first column is the key for identifying
which stations belong to that agency. This code will appear in the first line of each station's inventory. Although
the agencies listed in this table are potential partners for future water quality monitoring or management
endeavors, don't be surprised if the name of the contact and/or the telephone number is out of date. This
information is entered when an agency first creates a station. The agency may not update this information when
the initial contact moves on or the telephone number changes. Nonetheless, it is likely that the contact or someone
else at the agency may be able to provide you with project reports or other information relative to the agency's
data. A digital copy of this table accompanies this report on disk (See Appendices A and B).

Quantity of Data Retrieved by Agency Code

This table displays the period-of-record; numbers of water quality stations, longer-term stations, and stations
without data; total number of water quality observations; and the number of unique water quality parameters
measured by each agency within the study area and park boundary. Using this table, a park can quickly determine
which agencies collect the most data in and around the park and whether they have monitored recently. A digital
copy of this table accompanies this report on disk (See Appendices A and B).

Station Period of Record Tabulation

The Station Period of Record Tabulation provides a quick overview of the names of all the stations within the
study area where water quality has been monitored and data entered into STORET. It also furnishes the total
number of observations taken at each station and the frequency of observations between certain dates: (1) 01/01/85
until the most recent date data were measured; (2) 01/01/75 - 12/31/84; and (3) prior to 01/01/75. The station
identification number, the four character park abbreviation code followed by a four digit number, provides the
means to jump from a particular station in the table to the statistical and graphical analyses for this station
contained in the Station-By-Station Results section. The Station Period of Record Tabulation reveals which water
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quality stations were situated within the park as defined by the park's GIS boundary. The Station Period of Record
Tabulation also footnotes longer-term water quality stations. Longer-term stations are those that have at least 6
parameters with an average of one or more observations per year for those parameters during a period of record
extending at least two years. Note that although a station may not be flagged as longer-term, it can still harbor
much important data (albeit for only a few parameters or over a very long term with just a few observations). A
digital copy of this table accompanies this report on disk (See Appendices A and B).

Parameter Period of Record Tabulation

The Parameter Period of Record Tabulation provides a complete listing of every water quality parameter ever
measured in the study area and entered into STORET. This table is a summation of all the water quality
observations for each parameter across all stations in the study area. Like the Station Period of Record Tabulation,
the total number of observations for each parameter and the frequency of observations between: (1) 01/01/85 until
the most recent date data were measured; (2) 01/01/75 - 12/31/84; and (3) prior to 01/01/75 are provided. This
table is handy for quickly assessing whether particular parameters have been measured in the study area. The
Parameter Period of Record Tabulation also shows how many in-park (and total) water quality stations contained
data for each parameter. Some administrative parameters and parameters not suitable for statistical analysis within
the context of this project (as discussed in the Screening Methodologies and Procedures section of the
Methodology chapter) are listed in the Parameter Period of Record Tabulation, but not in the Station-By-Station
Results section. A digital copy of this table accompanies this report on disk (See Appendices A and B).

Station/Parameter Period of Record Tabulation

The Station/Parameter Period of Record Tabulation combines the information found in the Station Period of
Record Tabulation and the Parameter Period of Record Tabulation. This table provides a listing of all the stations
where a particular water quality parameter was measured in the study area and the data entered into STORET. The
table provides the start and end dates of the period of record of each parameter at each station; the number of years
of measurement (computed from the start and end dates); whether the station/parameter combination occurred
within the park boundary; the total number of observations for each parameter at each station, and whether a time
series (T), annual (A), and/or seasonal (S) plot was generated for the station/parameter combination in the Station-
By-Station Results section. This table is very useful when you need to determine at which locations within the
study area (or park) particular parameters were monitored and how much data was collected there. Some
administrative parameters and parameters not suitable for statistical analysis within the context of this project (as
discussed in the Screening Methodologies and Procedures section of the Methodology chapter) are listed in the
Station/Parameter Period of Record Tabulation, but not in the Station-By-Station Results section. A digital copy
of this table accompanies this report on disk (See Appendices A and B).

Station-By-Station Results
Probably the most voluminous portion of the document is the Station-By-Station Results. Here the results of the
water quality analyses for each station are presented in sequence. The results include the station inventory;

parameter inventory; EPA water quality criteria analysis; and, as applicable, time series graphics and annual and
seasonal tables and box-and-whiskers graphics. Each of these products are discussed below.
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Station Inventory for Station

Each station's data commences with its Station Inventory. The Station Inventory provides the descriptive attributes
about each water quality monitoring station contained in STORET. This includes a variety of locational
information such as a verbal description, the Federal Information Processing codes for county and state, latitude
and longitude, and other items; the station type (stream, spring, estuary, etc.); monitoring agency; creation date;
indices to the River Reach File; whether the station lies within the park boundary; and several other attributes.
This water quality station location data is also contained on disk(s) accompanying the report (See Appendices A
and B).

Parameter Inventory for Station

Following the descriptive attributes about a station is the Parameter Inventory for the station. The Parameter
Inventory provides a complete inventory and descriptive summary of all the water quality parameter data for the
station. This table furnishes the parameter STORET code and name; the period of record for this parameter at this
station; and the descriptive statistics defined in the Statistical Definitions in the previous chapter. Three different
footnotes can appear on a parameter's descriptive statistics. Two asterisks (**) in the 10th, 25th, 75th, or 90th
percentile columns indicates that there was insufficient data to compute these statistics for this parameter.
Percentiles were not computed unless the parameter had at least 9 observations. Two number signs (##) next to
the number of observations indicates that more than 50 percent of the observations entered into the computations
as values that were taken to be half the detection limit. Caution should be employed in interpreting and using
statistical results when more than half the values are set to half the detection limit. The letter "p" following a
numeric STORET parameter code in the Parameter Inventory indicates that a time series plot was produced for
this parameter at this station. Digital, reproducible copies of the Parameter Inventory tables are contained on the
disk(s) accompanying this report.

Two downloaded parameter groups, pH and bacteriological, received special treatment whenever descriptive
statistics were computed in the Parameter Inventory (as well as subsequent annual and seasonal tables). Whenever
pH appears in a descriptive statistics table, the entry is increased to 3 entries: (1) the original pH entry; (2) pH
computed from conversion to and from 11eq/l H'; and (3) neq/l H'. The reason for these conversions is that pH is
actually the negative logarithm of the hydrogen ion concentration. To be technically correct in computing
descriptive statistics, pH values must be converted to peg/l H™ (Kunkle and Wilson 1984). Once the descriptive
statistics are computed using the pH values expressed as peq/l H', the results can be converted back to pH. The
three pH entries in the descriptive statistics table will all have the same STORET code.

Whenever a bacteriological parameter appears in a descriptive statistics table, the entry is increased to 3 entries: (1)
the original bacteriological entry; (2) an entry computed using the log of each measured value; and (3) an entry
that simply reports the geometric mean. The reason for converting to logs and displaying the geometric mean is
convention. Bacteriological water quality standards typically reference the geometric mean rather than the
arithmetic. The three bacteriological entries in the descriptive statistics tables will all have the same STORET
code.

EPA Water Quality Criteria Analysis for Station

The EPA Water Quality Criteria Analysis table follows the Parameter Inventory. This table presents a comparison
between the station's STORET water quality data and applicable national water quality criteria for freshwater and
marine aquatic organisms; drinking water; and other concerns. Comparison against applicable State water quality
criteria was not feasible given project resources. Appendix F provides the relevant national EPA water quality
criteria values. In most cases, the EPA water quality criteria values are single sample concentrations that can be
directly compared to single sample STORET entries. There are, however, two notable exceptions to this single
sample/single value comparison: ammonia and fecal-indicator bacteria. For these two parameters, criteria are
either derived from or depend on the results of other chemical characteristics of the water or require a time series
statistical treatment of multiple samples to determine whether the criterion has been exceeded. The EPA ammonia
criterion is pH and temperature dependent. To calculate the criterion for each ammonia sample value was beyond
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the scope of this project. Consequently, ammonia criteria were not included in Appendix F or the EPA Water
Quality Criteria Analyses. Un-ionized ammonia criteria can be determined from formula table values included in
the EPA Silver Book (Environmental Protection Agency 1995).

For the purposes of this project, fecal-indicator bacteria data were flagged as exceeding criteria when their
concentrations exceeded 200, 1000, 126, and 33 (fresh)/35 (salt) colony forming units or most probable number for
single samples of fecal coliform, total coliform, E. coli, and enterococci, respectively. These values represent only
approximations of the criteria for primary contact recreation waters where criteria are typically expressed in terms
of a geometric mean computed with no less than 5 samples during a given month. When a fecal-indicator bacterial
observation exceeds a criterion in the EPA Water Quality Criteria Analysis section, the reader should refer to the
corresponding geometric mean calculations in the preceding Parameter Inventory. Long-term geometric means
that exceed the respective water quality criteria for multiple samples are more indicative of chronic bacteriological
problems than single sample values.

Water quality observations carrying non-detection or below-detection limit remark codes (K, T, and U) required
special treatment in the EPA Water Quality Criteria Analysis. As with the statistics in the Parameter Inventory,
half the detection limit was the value used in the EPA Water Quality Criteria Analysis. For certain observations,
however, half the detection limit may exceed a water quality criterion. For those observations it would be
inappropriate to classify them as exceeding a criterion since the actual value wasn't known. Thus, it was decided
that any below detection limit or non-detect observations that exceed a water quality criterion using half the
detection value would be excluded from the EPA Water Quality Criteria Analysis. If non-detect or below
detection limit values are excluded from the EPA Water Quality Criteria Analysis for a particular parameter, the
total observations for that parameter will be footnoted with an ampersand (&). This will also explain the
difference between the total observations in the Parameter Inventory and the EPA Water Quality Criteria Analysis.
Non-detect or below detection limit values are included in the EPA Water Quality Criteria Analysis, however, if
half the detection limit doesn't exceed the parameter's criterion.

The EPA Water Quality Criteria Analysis for each station lists the parameter; the standard type and value; the total
number of observations for the parameter at this station; the number of observations that exceeded the standard
value; and the proportion of observations that exceeded the standard value. Water quality observations are
considered as having exceeded a criterion regardless of whether the criterion represents a maximum acceptable
value or a minimum acceptable value. The table also breaks down the water quality criteria analysis on a seasonal
basis to allow the reader to discern whether parameter observations tend to exceed criteria during only certain
seasons or year round. Although the EPA Water Quality Criteria Analysis table is a good starting point for
assessing potential water quality problems at the station, the reader is strongly encouraged to read the caveat
section in the Introduction concerning drawing conclusions about water quality problems from this table. Digital,
reproducible copies of these tables accompany the report on disk (See Appendices A and B).

Time Series Plots for Station

Following the EPA Water Quality Criteria analysis will be any Time Series Plots for each parameter that met the
time series plot screening criterion selected for the park unit. If a time series plot is generated for a particular
parameter at a station, a "p" will appear next to the STORET parameter code in the Parameter Inventory. If no
time series plots are present for the particular station, the data did not meet the time series screening criterion listed
in the Overview section of the Water Quality Results chapter. The x-axis on these plots is the period of record,
listing only the 2-digit calendar year for clarity (i.e. 1983 is presented as 83). The y-axis is the concentration of the
selected parameter in its measurement units. In general, the units for a given parameter are given either on the y-
axis or in the parameter description in the subtitle of the graph. Subtitle and/or y-axis parameter descriptions may
be truncated on the plots so as to not exceed the maximum number of plotting characters. Y-axis values less than
zero are sometimes shown for better representation of the entire plot. The station identification code, parameter
description, and parameter STORET code are presented in the main title. The footnote provides a descriptive
location name. Observations on the plot are represented as squares. Lines are drawn connecting each successive
observation. As mentioned previously in the Statistical Definitions section of the Methodology chapter, the
interconnecting line is drawn only for ease of reading and provides no indication of what the actual parameter
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values were between the two observed measurements. Digital, reproducible copies of all time series plots
accompany the report on disk (See Appendices A and B).

For time series plots of pH, the original pH values are plotted. For time series plots of bacteriological data, the log
of the measured value is plotted. Hence, the y-axis of a time series plot for bacteriological parameters is log-linear.

Annual Analysis for Station

If more than 9 observations exist in each of at least 4 years for a particular parameter at a station, an Annual
Analysis table will be generated. Entries will be made in the table for each parameter having more than 9
observations in each of at least 4 years. The Annual Analysis presents the same descriptive statistics as the
Parameter Inventory table, except that it provides the statistics by year, rather than the entire period of record.
Although some of the years may not contain 9 observations, these years still have an entry in the table. A
parameter needs only to have 9 observations in any 4 years of its period of record to qualify for the Annual
Analysis table. Like the Parameter Inventory, percentiles with fewer than 9 observations are not computed and
entries computed with greater than 50 percent of the data values set to half the detection limit are flagged. Entries
in the Annual Analysis table that also meet the annual analysis box-and-whisker plot screening criterion will be
flagged with a "p" next to the STORET code. Digital, reproducible copies of these tables accompany the report on
disk (See Appendices A and B).

Annual Box-and-Whiskers Plots for Station

Entries in the Annual Analysis table that meet the annual box-and-whisker plot screening criterion will generate
Annual Box-and-Whiskers Plots. The interpretation of box-and-whiskers plots is explained in the Statistical
Definitions section of the Methodology chapter. A box is generated for each year of the period of record, even if
less than 9 observations were recorded in the year. The axis labeling and plot titling is the same as for the time
series plots. Digital, reproducible copies of these graphics accompany the report on disk (See Appendices A and
B).

For annual box-and-whiskers plots of pH, ueq/l H' are plotted. For annual box-and-whiskers plots of
bacteriological data, the log of the measured value is plotted. Hence, the y-axis of an annual box-and-whiskers
plot for bacteriological parameters is log-linear.

Seasonal Analysis for Station

As explained above, a park's hydrologic seasons for seasonal water quality analysis were determined using a
process of hydrograph separation and other techniques. If a parameter has more than 9 observations in each of 2
seasons with a period of record of at least 6 years and observations in at least 3 of the 6 years, a Seasonal Analysis
table will be generated for the station. The Seasonal Analysis presents the same descriptive statistics as the
Parameter Inventory table, except that it provides the statistics by season, rather than the entire period of record.
Although certain parameters for a season at a station may not contain 9 observations, these parameters can still
have an entry in the table. A parameter needs only to have 9 observations in each of 2 seasons with a period of
record of at least 6 years and observations in at least 3 of the 6 years to qualify for the Seasonal Analysis table.
Consequently, some of the parameters could have fewer than 9 observations in a particular season but still generate
a table entry. Like the Parameter Inventory and Annual Analysis, percentiles with fewer than 9 observations are
not computed and entries computed with greater than 50 percent of the data values set to half the detection limit
are flagged. Entries in the Seasonal Analysis table that also meet the seasonal analysis box-and-whisker plot
screening criterion will be flagged with a "p" next to the STORET code. Digital, reproducible copies of these
tables accompany the report on disk (See Appendices A and B).
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Seasonal Box-and-Whiskers Plots for Station

Entries in the Seasonal Analysis table that meet the seasonal box-and-whisker plot screening criterion will generate
Seasonal Box-and-Whiskers Plots. The interpretation of box-and-whiskers plots is explained in the Statistical
Definitions section of the Methodology chapter. A box is generated for each season of the period of record, even if
less than 9 observations were recorded in the season. On the x-axis, the seasons are labeled 1 through the number
of seasons defined for the park through hydrograph separation. The actual calendar dates that correspond to these
numerically labeled seasons exist in the Overview section and the Seasonal Analysis tables in the Water Quality
Results chapter. The axis labeling and plot titling are the same as for the time series and annual box-and-whiskers
plots. Digital, reproducible copies of these graphics accompany the report on disk (See Appendices A and B).

For seasonal box-and-whiskers plots of pH, peq/l H" are plotted. For seasonal box-and-whiskers plots of
bacteriological data, the log of the measured value is plotted. Hence, the y-axis of a seasonal box-and-whiskers
plot for bacteriological parameters is log-linear.

EPA Water Quality Criteria Analysis for Entire Park Study Area

This table essentially summarizes all the individual station-by-station EPA water quality criteria analyses in the
study area. (Refer to the EPA Water Quality Criteria Analysis for Station section above for more detailed
information on the treatment of special cases in the EPA Water Quality Criteria Analysis for Entire Park Study
Area.) This table presents a comparison between the study area's STORET water quality data and applicable
national water quality criteria for freshwater and marine aquatic organisms; drinking water; and other concerns.
Comparison against applicable State water quality criteria was not feasible given project resources. Appendix F
provides the relevant national EPA water quality criteria values. The EPA Water Quality Criteria Analysis for the
Entire Park Study Area lists the parameter; the standard type and value; the total number of observations for the
parameter at this station; the number of observations that exceeded the standard value; and the proportion of
observations that exceeded the standard value. Water quality observations are considered as having exceeded a
criterion regardless of whether the criterion represents a maximum acceptable value or a minimum acceptable
value. The table also breaks down the water quality criteria analysis on a seasonal basis to allow the reader to
discern whether parameter observations tend to exceed criteria during only certain seasons or year round.
Although the EPA Water Quality Criteria Analysis for the Entire Park Study Area is a good starting point for
assessing potential water quality problems at the park, the reader is strongly encouraged to read the caveat section
in the Introduction before drawing conclusions about water quality problems from this table. A digital,
reproducible copy of this table accompanies the report on disk (See Appendices A and B).

NPS Servicewide Inventory and Monitoring Program
Level I Water Quality Inventory Data Evaluation and Analysis IDEA)

One of the objectives of this Baseline Water Quality Data Inventory and Analysis project is to perform an IDEA -
an Inventory Data Evaluation and Analysis - to determine the presence and/or absence of Servicewide Inventory
and Monitoring Program "Level I" water quality parameter groups in the park's study area. The Strategic Plan for
Conducting Baseline Natural Resource Inventories in the National Park Service (National Park Service 1993)
identified the basic water quality parameters displayed in Table I as the parameters that all parks must have for
"key" waterbodies (determined on the basis of size, uniqueness, threats, etc.) within park boundaries. Since these
parameters can be measured in different ways and with different units, there are multiple STORET codes
associated with each parameter; hence the concept of parameter groups. The Strategic Plan distinguishes between
those parameter groups required for all parks and parameter groups required only on a case-by-case basis.

The IDEA basically compares the parameters listed in the Parameter Period of Record Tabulation and
Station/Parameter Period of Record Tabulation with the "Level I" Servicewide Inventory and Monitoring water
quality parameter groups, listed in Table I and in Appendix G, and notes, not only the presence or absence of each
parameter group, but the total number of observations for each parameter present in the group; the number of
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observations between certain time periods; and the total number of stations within the study area at which the
parameter was measured. The total number of different (unique) stations measuring parameters for the group is in
parentheses on each parameter group's summary line.

The first page of the IDEA lists the missing Servicewide Inventory and Monitoring Program "Level 1" groups. Ifa
parameter group appears on this list, no data for any of the parameters defining the group (See Appendix G) was
retrieved for it within the study area. So-called non-priority parameter groups may appear in the missing list.
Non-priority parameters are park-specific parameters (case-by-case) which may not be applicable to your park.
Consequently, if you believe a particular parameter, not included in IDEA (See Appendix G), to be important for
your park, you will have to consult the Parameter and Station/Parameter Period of Record Tabulations to
determine the presence or absence of this parameter for the park. Although considered a "Level I" parameter,
biological data, obtained through rapid bioassessment or other means, is not considered in this report which deals
specifically with surface water chemistry. Following the Missing Level I Group list is the Present Level I Group
list which displays the summary results for each Servicewide Inventory and Monitoring "Level I" water quality
parameter group that was found.

Table I.  Basic "Level [" Water Quality Parameters Identified as Required and Optional By
the Servicewide Inventory and Monitoring Program for "Key" Park Waterbodies

Required Parameter Groups:

(1) Alkalinity

(2) pH

(3) Conductivity

(4) Dissolved Oxygen

(5) Rapid Bioassessment Baseline (EPA/State protocols, involving fish and macroinvertebrates)
(6) Temperature

(7) Flow

Case-By-Case Parameters Groups:
(8) Toxic Elements

(9) Clarity/Turbidity

(10) Nitrate/Nitrogen

(11) Phosphate/Phosphorus

(12) Chlorophyll

(13) Sulfates

(14) Bacteria

The last page of the IDEA summarizes the information from the Missing and Present Level I Group lists. This
page provides information on the temporal and spatial distributions of the data. Included in this table are the total
number of observations for each parameter group; the number of observations since January 1, 1985; the percent
of the total observations since January 1, 1985; the number of stations measuring each parameter group; the
percent of the total number of stations with data measuring the parameter group; the number of observations per
station with data; the period-of-record for this parameter group; and the average number of observations per year
of the period-of-record.

In interpreting the results of the IDEA, the reader should first consult the Missing Level I Group list. For the
parameter groups listed, there was no baseline water quality data within the study area entered in STORET.
Consequently, these parameter groups could be a higher priority for data collection. It is important, however, to
realize that data within these parameter groups may have been already collected but not entered into STORET.
The resources for this project did not enable us to pursue thorough literature and file cabinet reviews to dredge up
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every last iota of data. If data exists for certain Servicewide Inventory and Monitoring Program "Level 1" water
quality parameter groups in a park's file cabinet, it is the park's responsibility to factor that data into their IDEA.
Consequently, the listing of a parameter group on the Missing "Level I" Group list is not a WRD endorsement to
launch a study to collect these data. The IDEA is intended to simply note that no data exist for these parameter
groups in STORET for the park. It is the park's responsibility to ascertain whether such data has already been
collected by the park or other entities before embarking on a new study. In fact, in the future the WRD will require
that any park study plan proposing to collect baseline water quality data show that they have consulted their
Baseline Water Quality Data Inventory and Analysis report and searched in other locations (file cabinets,
published literature, etc.) for the data they propose to collect. A similar interpretation springs from the Present
"Level 1" Group list. Insufficient data density in certain time periods for particular parameter groups is not
necessarily cause for launching a new inventory and/or monitoring program. The park should still consult with
other potential sources of data. Again, the IDEA is designed to provide only a quick check on data in STORET for
the Servicewide Inventory and Monitoring Program "Level I" water quality parameter groups.

Water Quality Observations Outside STORET Edit Criteria for Park

STORET data entered after November 1983 were subjected to rudimentary edit/bounds checking for 190 common
parameters (See the STORET Edit Criteria in Appendix C). None of the data entered into STORET prior to that
time has been subjected to edit/bounds checking. Moreover, to maintain exact comparability with USGS
WATSTORE data, WATSTORE data entered into STORET has never been subjected to the EPA edit/bounds
checking. During the pilot test phase of this project, obviously incorrect data was identified from both USGS and
other agency data in STORET. As a consequence, all data downloaded from STORET was filtered through the
STORET edit criteria to identify parameter observation values that fall outside any edit criterion ranges. This
section documents the station name, parameter, date, time, parameter value, agency, and STORET station name of
every observation that fell outside the range of an edit criterion. Not all data falling outside an edit criterion are
necessarily incorrect. Such data may represent unique or special conditions. Consequently, every observation
falling outside a STORET edit criterion was scrutinized to determine, in our best professional judgement, whether
the value was in the realm of possibility or obviously incorrect. Water quality observations that appeared to be
obviously incorrect are marked with an "X" in the Disposition column of this table. These values were not
retrieved or included in any of the inventory tables or graphs. Water quality values outside a STORET edit
criterion but within the realm of possibility were retained and included in inventory tables and graphs. The Water
Quality Observations Outside STORET Edit Criteria for Park table documents all values that were outside an edit
criterion range. This documentation is also necessitated by the fact that agencies can override the STORET edit
criteria for individual observations. Although the edit criteria eliminate some potentially "bad" data from the
report, the probability of other incorrect data, for both the 190 parameters that are edit/bound checked and all the
other STORET parameters that aren't error checked, is high. Readers should consult the Caveat section in the
Introduction for guidelines on the use and interpretation of STORET data. The responsibility for correcting these
observations rests with the collecting agency.
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WATER QUALITY RESULTS
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Study Area Boundary Description

OVERVIEW FOR MISS'

The study area includes the park and all areas within at least 3 miles upstream of the park unit boundary and at least 1

mile downstream.

Study Area Park

GIS Estimated Acreage: 366874 53658
# STORET Stations: 541 184
# Stations With No Data: 165 39
# Stations With No Stat. Analysis: 8 3
# Longer Term Stations: 84 28
Date of STORET Retrieval: 05/18/95 05/18/95
Period of Record: 06/01/26-10/10/94 06/01/26-09/27/94
# Parameters Measured: 803 730
# Water Quality Observations: 273531 99087
# Industrial/Municipal Facilities: 98 49
# Drinking Water Intakes: 7 4
# Water Gages: 43 18
# Water Impoundments: 13 6
# Total Plots: 143 57

# Time Series: 47 13

# Annual: 23 20

# Seasonal: 73 24

Hydrologic Definition of Seasons:

1. August 15 - February 29
2. March 1 - April 14
3. April 15 - August 14

Time Series Plot Criteria:

To be included in the time series plots, a station/parameter combination must have at least 25 years and at least 160

observations.

Annual Analysis Criteria:

To be included in the annual box-and-whisker plots, a station/parameter combination must have at least 9

observations in each of at least 18 years.

To be included in the annual analysis tables, a station/parameter combination must have at least 9 observations in

each of at least 4 years.

Seasonal Analysis Criteria:

To be included in the seasonal box-and-whisker plots, a station/parameter combination must have at least 9
observations in each of 2 seasons and a period of record of at least 25 years and observations in at least 4 of the 25

years.

To be included in the seasonal analysis tables, a station/parameter combination must have at least 9 observations in

each of 2 seasons and a period of record of at least 6 years and observations in at least 3 of the 6 years.

'To prepare a Microsoft Word version of this report, data were reprocessed through different versions of software than used
originally. Consequently, some results presented in the Overview and Executive Summary may differ slightly from those presented in
the analog report (eg. # of In Park and Longer Term Stations).
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Mississippi National River and Recreation Area
Water Quality Monitoring Locations
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Mississippi National River and Recreation Area
Water Quality Monitoring Locations

o D ]
= e - 9
2 | L
191
i 192 188 -
s PO
B 1874— %
1050
108 .
143 4]
T { 694
144 0
g g f
087 N Tl ors
— 4 076
079089 - 0 0 06
1470069
=
092 98 g
9931 090 ogp |0685jf062
084
7 \¢
1216 2
Mississippi National River
nd Recreation Ar
7 o . and Recreation Area
v
4
B \ &@ 494
West St. Paul <
0
P =
Legend 0
D Towns and Communities b
Mississioni Nafi . . o
D ississippi National River and Recreation Area X o AA N
I:I Panel Boundaries i
i 1USGS Catalog Unit -
é____gStudyArea N i = \ &
— Hydrography S0
= Highways Miles
= Interstate Highways —

* Park Headquarters
A Water Quality Stations

=

38



Mississippi National River and Recreation Area
Water Quality Monitoring Locations
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Mississippi National River and Recreation Area

Water Quality Monitoring Locations

P2

B
AN
(
a <
e
AN/
173
I
(w]

Rosemount

Legend

D Towns and Communities

|:| Mississippi National River and Recreation Area
D Panel Boundaries

|1 USGS Catalog Unit N

Study Area

— Hydrography A
= Highways

= Interstate Highways

A Water Quality Stations

063 =y
S 057 e
@ =l 058 4 o5
A\ 055
oo > spring Lake 066 9
o 054
056
D A
060
061

W

Mississippi National River
~-1 and Recreation Area

Cottage Grove

. ver
e

40



Mississippi National River and Recreation Area
Water Quality Monitoring Locations
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Mississippi National River and Recreation Area
Dischargers, Drinking Intakes, Water Gages, & Water Impoundments
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Mississippi National River and Recreation Area

Dischargers, Drinking Intakes, Water Gages, & Water Impoundments
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Mississippi National River and Recreation Area

Dischargers, Drinking Intakes, Water Gages, & Water Impoundments
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Mississippi National River and Recreation Area

Dischargers, Drinking Intakes, Water Gages, & Water Impoundments

L e
Thematic Legend J

A Industrial Discharger BT

Bl Drinking Water Intake S |

*  Water Gage
Water Impoundment

47

[ Qca

@| Lake
\E assett Creek

I

b

[Roseville]

e

1/l 1
MN0001023

A \ 27636\0\01500000P1D1| fmoooizod) N |
U5G505288840 j//l // A - //

USGS450001093193901 YCRCLA462 // MN0042641
MN00590 /i
MN0022497
A [ICRCLA458 -
USCESA 02 AB 3
MN0003875 2
— ~ .
] " MN0001830 MN0000736
MN0029653 MNO003301 MNOO591
3 = MNO000400 4 USGS445824093130301
—

MN0000493 o)

MN0000809 MN0000612

USCESA 01 AB
USCESA 01 BL

? MN0003034
USGS445833093154301

Lak
f el %elsles A

MN0003891
Minneapolis

(P}

T
MN0002275
AN

MN0000396

St. Louis Park

MN0003247
Mississippi National River
and Recreation Area

I 1
MNO030589

Panel C
T T

UsSGs05288950

e USCEIA 1aB % \ A

35W, [Fmo0593] ) N\
USCE1B 2BL

Lgke Nokbmis ]

O MN0002046

/)

H—

i

=
4

o2 = Q MN000205
,—A%
==={MN00388 65 et
. e MN0039993 /Q

)
MN0040428
Vil

Legend

l:l Towns and Communities

7

D Mississippi National River and Recreation Area

D Panel Boundaries

1 USGS Catalog Unit

1
|
[

: i Study Area N
— Hydrography A
== Highways

= Interstate Highways

45



Mississippi National River and Recreation Area

Dischargers, Drinking Intakes, Water Gages, & Water Impoundments
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Mississippi National River and Recreation Area
