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1 BACKGROUND

Barr Lake and Milton Reservoir are two off-stream reservoirs located northeast of
Denver. Water quality has been a concern in these hyper-eutrophic reservoirs for many
years. Both reservoirs are on the 2002 303(d) list for pH. In addition, nutrient standards
are anticipated in the future to protect all classified uses, including the recently adopted
‘water supply’ classified use.

In 2002, the Colorado Water Quality Control Division submitted a 319 grant application
on behalf of the stakeholdersin the basin. The money requested was to fund phase one of
along-term study. The goals of thisfirst phase, aslisted in the Project Implementation
Plan, were to:

Establish a permanent stakeholders group for evaluation of water quality problems
in the reservoirs and sources of pollutants in the watershed,

Develop a credible and defensible water quality database and monitoring program;
and

Evaluate tools that can be used to project the effects of potential changes on the
water quality in the reservoirs.

The project was funded and the work initiated. The acronym “BMW” was adopted to
stand for “Barr / Milton Watershed”. The focus of the work during this phase of the
project has been on surface water (as opposed to groundwater) and on eutrophication,
which is the dominant reservoir water-quality issue.

This report summarizes the work that was conducted to address the second goal. Itis
divided into two main sections — the BMW Water-Quality Database and Current and
Future Monitoring. The work conducted to evaluate tools is described in a separate
report (Hydrosphere, 2005b).
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2 THE BMW WATER-QUALITY DATABASE

2.1 The Data Procurement Process

In January 2004, arequest for data was made to severa entitiesin the basin. The data
request letter islocated in Appendix A. Based on discussions with the BMW Planning
Committee, specific requests were made to the following entities:

Big Dry Creek Watershed Association (BDCWA)

Central Colorado Water Conservancy District

Chatfield Watershed Authority

Denver Department of Environmental Health

Denver International Airport (DIA)

Farmers Reservoir and Irrigation Company (FRICO)

Metro Wastewater Reclamation District (MWRD)

River Watch

Rocky Mountain Arsenal

South Platte Coalition for Urban River Evaluation (SP CURE)

Urban Drainage and Flood Control District (UDFCD)

U. S. Geologica Survey (USGS)

Water Quality Control Division (WQCD)
A general request was also made at the January 27, 2004 stakeholder meeting. Asa
result of the data request, the following entities provided datafor the BMW Project:

Big Dry Creek Watershed Association (BDCWA)

Chatfield Watershed Authority

City of Thornton (Burlington Ditch System)

Colorado Division of Wildlife (CDOW)

Denver Department of Environmental Health

Denver International Airport (DIA)

Farmers Reservoir and Irrigation Company (FRICO)

Metro Wastewater Reclamation District (MWRD)

River Watch

South Platte Coalition for Urban River Evaluation (SP CURE)

o] Centennial Water & Sanitation District
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City of Glendale
City of Thornton
Littleton / Englewood WWTF
South Adams County Water & Sanitation District (SACWSD)
o] City of Brighton
Urban Drainage and Flood Control District (UDFCD)
U. S. Geological Survey (USGS)
Water Quality Control Division (WQCD)
Weld County
Note that historical datafrom EPA’s 1975 National Eutrophication Study and the 1975
Tri-County District Health Department Study were also provided by MWRD. [n addition
to data, several reports describing previous studies were obtained from a variety of

sources. Tables describing data files and reports received for the project can be found in
Appendix B.

Not al of the data were processed for the master database. As noted in Appendix B,
Table B-1. Electronic data provided but not processed for the database have been
organized electronically on aCD.

2.2 Data Processing and QA/QC

Dataincorporated into the BMW WQ Database were put through a thorough and
consistent QA/QC review process. This process was focused primarily on verification of
the station information, the parameters and parameter units, marking duplicate/replicate
records, and identifying out of range values. Not all data received were incorporated into
the BMW WQ Database (see Section D. Data Inventory); only data that were
incorporated into the BMW WQ Database underwent this QA/QC process.

When datawas first received in raw form from a data provider, it was converted to an
Access Data Table with no field formatting (all text fields). Thiswas done to move all
data into a consistent format without losing any non-standard information in any of the
fields. The datain thisform were then reviewed to:

| dentify questions or missing information about the stations (stations were mapped
inaGlS);

Identify questions or missing information about the parameters or methods
associated with particular parameters,

Associate parameters with established BMW WQ Database parameters where
possible;

Identify potential duplicate/replicate records that were not marked as such in the
raw data;
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Mark records with unknown Detection Limits or Quantification Limits (QLs); and
|dentify out-of-range values, unexplained nulls, or zeros.

Once all the data sets were reviewed and issues identified, a Data Summary Report was
written for each data source and provided to the source agency, detailing the questions,
missing information, and assumptions made about the data. The reports included the
maps developed of the station locations, the associations made between the raw data
parameters and official BMW parameters, and feedback was requested on all questions,
missing information, assumptions, station locations, and parameter associations.

The list of specific QA/QC items reviewed (the “punch” list) arelisted in Appendix C.
Most of the issues identified by the review and described in the data summary reports:

Were resolved during the feedback period;

Resulted in the holding of data from being incorporated (if the issues were not
resolved); or

Resulted in records being incorporated but flagged to note the issue remaining with
the record. This option was employed under three conditions:

a. The measurement was a non-detect or greater than a QL but the detection
limit or QL was unknown (an “unknown DL” or “unknown QL” flag was

applied);

. The station location was not adequately resolved but the data were
incorporated anyway (the station was flagged as a*“bad loc”); or

c. Thevaluewas not out of range but seemed incorrect (flagged as
suspicious by marking the “value flag” in the database and providing an
explanation in the “value flag explanation” field on the record as well).

The ‘value flag’ was used for very few records as of the writing of this report, but it
should be used continually as additional data analysis occurs in the future. The datawere
improved by the QA/QC process described above, through the correction of many
location, parameter, and unit errors and data omissions. In addition, data across all data
sources have been converted into consistent units and organized by waterbody, station
type, sample event, etc, making it more useable as a whole for analytic purposes.

It isdifficult to ensure that all of the characteristics of the hundreds of thousands of
records are adequately precise for analytic purposes. Asthe data are used for analysis
and modeling, ‘suspicious values may beidentified. If thisoccurs, corrections can be
made to and documented or the ‘value flag’ can be turned on.

Out of more than 335,000 records reviewed for the BMW WQ Database, approximately
5,200 records were not imported for the following reasons:

322 records were not included based on verbal instruction from the data provider or
based on a comment field in the data itself;
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1,151 null records (records with station location, date and parameter, but no value,
i.e. value fields were blank) were not incorporated into the database;

30 out of range values were held (these were primarily zeros or negatives where
such avalue was non-sensical for the parameter);

3,623 redundant values were held (same value but listed in aternate units); and
163 repeated records were held.

Due to the reasons listed above, no additiona time needs to be devoted to these held
records.

2.3 The BMW Water-Quality Database Overview

The BMW WQ Database contains the final set of incorporated surface water-quality data
from the raw sources listed (Table B-1). Average daily flow data and groundwater data
received have been organized separately. The database has been constructed using MS
Access 2003 (Office 2000 compatible) and includes a Graphical User Interface (GUI) for
viewing the data, exporting the data, and importing new data. The data tables themselves
include enough information to allow a user to track a record back to its raw form.

2.3.1 The BMW WQ Database Structure

The detailed structure of the BMW WQ Database, including table, query, and field
descriptions, is described in Appendix D aswell asin the BMW WQ Database User’s
Guide (Hydrosphere, 2005a). The structure of the BMW WQ Database follows a strict
but s mple relational-database form. The data have been organized into lists of:

Data Sources and Data Sets;
Station Locations;

Parameters: Barr - Milfon Watershed (BMW) EXIT DATABASE |
Water Quality Database

Sample Events; and

Results. [View, Import, and Export Utilities]

. Water Quali Export for STORET
To alow the user to view the Lty | B |

original names of stations and
parameters that came with the L R
various data sources in the BMW i wﬂh—aﬁiﬁ.a S

WQ Database, Supplemental “AKA” oo |General Information| :

tables have been included for both = Stations | ‘Parameters. | Data Sources
stations and parameters. In addition, ; :
to accommodate bringing new data
into the database, “Import Utility”
tables have been linked into the

Lake Profiles Import New Data

fﬁa:&s by Steve Lund?

relational structure of the database to hoId the new data records temporarily asthey are
being reviewed and processed for import (see Importing New Data below). An Entity
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Relationships Diagram for the BMW WQ Database has also been included in Appendix
D.

2.3.2 The BMW WQ Database Graphical User Interface (GUI)

The BMW WQ Database User Interface consists of customized forms that allow a user to
interact with the data in the database with minimal knowledge of how M S Access works.
The functionality behind these forms includes basic sorting, filtering and viewing of the
data and is intended to allow extraction of data from the database into whatever
application the user wishes to use for detailed analysis, such as Excel. Another Access
database could be linked to the BMW WQ Database, for the construction of amore
sophisticated database analysistool. An overview of the BMW WQ Database user
interface is provided below. Please see the BMW WQ Database User’s Guide
(Hydrosphere, 2005a) for a more detailed description of these built-in utilities.

Viewing Data

i water oudny Deta e

| BMW WQ Data View Options
Select Dates:

|,
FROM|  SRASTS 2 j;.. ll‘ﬁ-ﬂﬂ-

The “Water Quality” button on
the main form opens aform
that alows the user to view any
of the water quality datain the
database, filter it by date,
station, and parameter, and
either view it on screen or

ciI!E.FiIIITl I
st ol | uremlact 3l

Splact Paramaters:

1D P e e
1[240
2 Acetsle
Fllhin. Tokd

A Ababnip, Caibonaio o Cal03

S flkamip, Prenciphthabzin as Ca000
- Akabniy. Tolel = CaCO3

¢ Aborran, Dissoteed

5 Abaminum, Toksl ﬂ
= B b i Tobal B e "y
Record: 4] ¢ L PIHIF-ID‘ 189
r

export it to an Excel file. From |

user may limit which

Aorm P wicd of Regod

the View Options screen, the

W E‘ Cheral_beCheinCRe: | Creny Cresk Be ow Chenp Ciesk Aesemsm

el lmtpl LE]

parameters and which stations
areincluded in the data being
viewed.

By clicking on the “Lake
Profiles’ button on the main
form, data that as a group
constitute a Lake Profile can be
viewed in a special format that
may be useful for analyzing the
lake data.

‘Waterbode [ChemLr SistanTppes: [ ream

Gawrae: [WICD

W 118 Ena De 005000 | Second Coae D Siton DOSC0T

ARSA00E - TRV IR

Wl wbady [ D1 SlalnonT ppe [5ream

Sowca [OLL
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=101 %]

- BhWLakeProfile]  BMWStationlD | SampleDate|SampleTim| SampleDep| Cond | Do | DO% | pH | Termp |DataSour|AgencyDat

19 Barr_BARRZ2 Center
19 Barr_BARRZ Center
19 Barr_BARRZ Center
19 Barr_BARRZ Center
19 Barr BARR2 Center
19 Barr BARRZ2 Center
19 Barr BARRZ Center
19 Barr BARRZ2 Center
20 Barr BARR2 Center
20 Barr BARR2 Center
20 Barr BARR2 Center
20 Barr_BARRZ Center
21 Barr_BARRZ Center
21 Barr_BARRZ Center
22 Barr_BARRZ Center
22 Barr_BARRZ Center
23 Barr_BARRZ Center
23 Barr BARR2 Center
24 Barr BARR2 Center
24 Barr BARR2 Center
25 Barr BARR2 Center
25 Barr BARR2 Center
25 Barr BARR2 Center

Record: I<| 4 ” 1 » IH Ib*l of 1760

Thelist of Parametersin
the BMW WQ Database
can be viewed by clicking
the “Parameters’ button on
the Main Form.

321159597 2:00:00 A 0 0478 879
321159597 2:00:00 A 0.479 9.78
32115957 2:00:00 A 0.474 9.84
321159597 2:00:00 A 0.463 9.584
32115857 2:00:00 Ahi 0.456 9.75
32115857 2:00:00 A 0.455 9.91
32115857 2:00:00 A 0.454 9.39
32115857 2:00:00 A 0.45 9.28
/1741559 2:00:00 A 0521 7.81
317415958 2:00:00 A 0.52 8.06
341741558 2:00:00 A 052 8.22
817415599 2:00:00 A 052 7B
B/27/2002 1:20:00 P 0549 94
B/27/2002 1:20:00 P 0846 89
7/23/2002 2:035:00 P 0504 12
712342002 2:035:00 P 0801 97
5/8/2002 2:30:00 PM 0.949 B.23 a0
5/8/2002 2:30:00 P 0.945 4.57 B3
51372003 1:45:00 Al 0.788 7.15] oO66
51372003 1:45:00 A 0787 7 B4h
972772003 1:37:00 P 0.779 8.07 1048
872772003 1:37:00 P 0778 7.0 103.8
872772003 1:37:00 P B 078 461 556

= 0O—=0=0|m=0=00mWw|—=0|~m[5m|&{k —

E Projeck Parameters Lisk

7.8
77
77
7B
76
/B
]
7.4
9.4
9.4
8.4
a3
52
52
=R]
aa
83
az
/B
/B
8.2
8.2
/.8

821 FRICOD
8.07 FRICO
7 B3 FRICO
705 FRICO
6.48 FRICD
6.3 FRICD
6.23 FRICD
5.9 FRICD
2286 FRICO
22684 FRICO
2213 FRICO
2186 FRICO
25.1 Metro
22 4 Metro
256 Metro
23.8 Metro
25.1 Metro
2277 Metro
14,504 Metro
14.47 Metro
19.85 Metro
19.83 Metro
15.4 Metro

FRICO
FRICO
FRICO
FRICO
FRICO
FRICO
FRICO
FRICO
FRICO
FRICO
FRICO
FRICO
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake

B
0

BlIW Parameters List

ID Parameter Name

Farameter Group

1240

2 Acetate

3 Aldrin, Total

4 Alkalinity, Carbonate as CaC03 Alkalinity and Hardness

5 Alkalinity, Phenolphthalein as CaC03 Alkalinity and Hardness

|06 AllalinibyBiotal as. €aC03. . ... Alkalinity and Hordress
—_— = = - —— T =

7 Aluminum, Dissolved T P —

8 Aluminum, Total hetalz

9 Aluminum, Total Recoverable Metalzs

10 Antimony, Total Metalz

11 Antimony, Total Recoverable Metalz

12 Arsenic, Digsolved hetals

13 Arsenic, Total Metalz
15 Barium, Total

16 Beryllium, Total

Record: 14| 4 || 1 v | r1|r#] of 189
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Stationsin the BMW WQ
Database and the details
associated with them can
also be viewed by
clicking the “ Stations”
button on the Main Form.
In the Stations form, the
original names given to
each station by the
original data source can
be accessed by clicking
the “Other Names for this
Station” button for a
particular station.

Finally, a description of
al the sources of datain
the database can be
accessed by clicking the
“Data Sources” button.
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Ronday, April 04, 2005

PointOfContact

Big Dy Watershad Assaciation

Jeame Clary (Wright Water Engineers)

DataBet: Big Dry Creek

Thiz data = is from the Big DryWetershed Azsociation and iz part of their on-going m onitoring
program. It includes data from 12 sations along Big Dry Creek from Standley Lake to the South Platte
River overthe period 1937 through 2002,

Demer International dirport (D14)

Janet Kigler {DI4)

Data3et: DA

Thiz data =4 iz from DIA and iz part of an on-gaing monitoring program . It indwdes data from 30 sites
on Second and Third Creek s over the period 1996 through 2003,

Dt from BPAYS Legacy STORET database

M4

Diata Zet: Barr

Thiz data s iz from EPA's Legacy STORET database. The data were retieved by Steve Lundt st

W etro Wastewster and supplied to Hydrosphere. Data for the Mational Evutrophication Survey and the Tri-
County Study (see below were inconpara ed into the Legacy database and are included in this data s=t.
There are also data for 2 sampling everts in 1990,

Milton

Thiz data s iz from EPA's Legacy STORET database. The dats were retieved by Steve Lundt at

Metro Wastewster and supplied to Hydrosphere. Data for the Mationsl Eutrophication Survey and the Tri-
Courty Study (s2e below) wers inconporat ed into the Legacy databass and are included in this data s=t.
There are al=o data for 2 sampling everts in 19390,

Farmars Reservair and Irrigation Compasny (FRICO) Jakp Stadrick (CET)

DataZet FRICO
Th|s data =d iz part of anongoing monrtonng prcgram mnducted by Dir. John Stednu:k Colarado State

o Ihimnlialan L 3 L I alin TL
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Importing New Data

The BMW WQ Database User Interface includes some simple utilities to help simplify
the process of bringing new datainto the database. This process does, however, require
that most of the processing of new data be done OUTSIDE the database. The “Import

New Data’ button on the Main Form will bring up the Data Import Utility main screen
which outlines the 5 steps required to bring new data into the database.

More detailed instructions for each step are found in the forms that are brought up by
each “ Step x” button on this Import Utility main form.

B BMWImportUtility OpeningScreen : Form = |I:I|_l

BMW Data Import Steps: Close Form:

STEP 1 Add New Stations, Parameters, Agencies, d.r-" :
— Agency Data Sets as Necessary

STEP 2 Import the pre-processed [Sample Events]

and [Results] data ; F

Fas 1l -

STEP 3 Set the Data Source Inf

i

[

% N
ﬁ"._

STEP -4 Cummlt N.E.!".;I D,gta

I' &
-'.."' ] e T
| A -\..“ o ra by e 'H"-‘i
o am

5 Jﬂenttfy Lake Prnf‘les
L

K
A
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Exporting Data

A utility has also been included in the BMW WQ Database that allows the user to select
dataand export it to aformat uploadable to STORET. Please note that additional work is
required once these files are exported to actually bring the datainto STORET.
Specificaly:

The ProjectID and LocationlDs must be added to STORET before it can accept the
data.

The BMW Parameters must be associated with official STORET Parameters (and
Sample Fractions), and these relationships must be uploaded to a STORET
template before it can accept the data.

The Analytical Procedure and Analytical Procedure Source fields may not be
acceptable to STORET for much of the data. The valuesin these fields for some
data sources do not match standard STORET values and they were simply not
provided in some cases. Before the datawill be accepted by STORET, these fields
will need to be reviewed and filled in with STORET standard values or whatever
“unknown” value equivalent could be set up in a STORET template.

Technically, a SIM template still needs to be created before the data exported by this
utility may be uploaded into STORET. Required STORET fields have been filled in with
values acceptableto STORET. There may be other fields in this database desirable for
STORET upload, but care would need to be taken that the data sources contained within

the BMW WQ Database actually carry values for them, and if not, default values would
need to be developed.

To export data, choose a start and end date on the STORET Export Options form, select
the stations to be included in the export, enter Contact Information and a Project Purpose
(the Purpose is a STORET required field, while the contact information is optional), and
click Export Now. After aninitial wait (it takes some time to query the information),
enter afile path location for the output files, (NOT afile name, and do not include an end
dlash...for example: C:\Temp).

Four comma-delimited text files will be created in the specified location:
Projects.txt will contain the Project information required by STORET
Stations.txt will contain the L ocations information required by STORET
FieldRes.txt will contain the Field Measurements results

ChemRes.txt will contain the Chemistry results (the lab measurements)

The format adhered to for these files is based on genera EPA Region 8 STORET upload
requirements for Superfund data, provided to Hydrosphere on December of 2004 (EPA,
2004). If aspecific SIM template is developed for this project, changes may be required
to this utility, which will require the expertise of an Access database programmer (Access
VBA).
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2.4 Data Inventory

2.4.1 Type and Extent of the Data Available

Aninventory of the dataincluded in the BMW WQ Database indicates the following:
Total Number of Records: 330,627
Total Number of Stations Represented: 360
Total Number of Parameters Represented: 189

Note that in general, in-lake data before 1970 and stream and canal data before 1987 were
not included. Although there are locations where multiple agencies are collecting data
(see Section 3.B), there was no attempt to combine the data for asingle sitein the
database. Thiswas not done mainly due to dlight differences between locations and the
need to then resolve which latitude / longitude represents the “ official” location. The rest
of thisdiscussion is divided between flow and water-quality data.

Flow Data

Two types of flow data were received — instantaneous and average daily flows. The
instantaneous flow data were included with the water-quality files and were incorporated
into the database.

Daily average flows are generally more useful for water-quality data analyses and were

received in separate files. The average daily flow data received are summarized in
Tables 1 and 2 and are displayed in Figure 1.
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Table 1:
Barr Lake / Milton Reservoir Watershed Project
Flow Data Summary -- Burlington / Barr / Milton Systems

The BMW WQ Database and Recommendations for Monitoring

Summary Based on Availability of Daily Flows

Count Description Source of Data Start Date | End Date | % Missing* | Quality of Data
1|Diversion from SPR to Burlington Headgate FRICO' 11/1/1968| 12/31/2000 0%
2|MWRD Effluent to the Burlington Canal Metro 1/1/1994| 12/31/2003 0%
FRICO* 11/1/1968| 12/31/2000 0%
3|Wastegate Flow to Sand Creek USGS? 3/1/2000|  4/19/2004 0% (1)
4|SEO Gage at Sand Creek
5[SACWSD Deliveries from Burlington FRICO® 11/1/1999| 10/31/2002 0%
6[{Thornton's Tani Lake Delivery FRICO' 11/1/1968| 12/31/2000 0%
Thornton via Metro® | 11/1/1997  9/30/2004 0%
7|Diversion to Little Burlington FRICO' 11/1/1968| 12/31/2000 0%
8|Diversion to Denver-Hudson FRICO* 11/1/1968| 12/31/2000 0%
9(Inflow to Barr from Burlington System FRICO' 11/1/1968| 12/31/2000 0%
10|Barr Lake Contents FRICO* 11/1/1968| 12/31/2000 0%
11|Beebe Release FRICO' 11/1/1968| 12/31/2000 0%
12|Speer Release FRICO! 11/1/1968| 12/31/2000 0%
13|East Burlington Release FRICO' 11/1/1968| 12/31/2000 0%
14|West Burlington Release FRICO! 11/1/1968| 12/31/2000 0%
15[Neres Release FRICO* 11/1/1968| 12/31/2000 0%
16|Flow into Milton from Platte Valley Canal FRICO? 11/1/1989 12/8/2002 80% Estimated
17|Flow into Milton from Beebe FRICO? 11/1/1989 12/8/2002 46% Estimated
18]|Milton Reservoir Contents FRICO? 11/1/1989 12/8/2002 0%
19|Total Release from Milton Reservoir FRICO® 11/1/1989| 12/8/2002 60%

* Percentage of daily flow data missing for the period between the start date and end date

Source Notes
FRICO! Updated Barr Lake File named "laurie's data.xIs", sent by L. Rink on May 30, 2004
USGS' Received from G. Smith, May 7, 2004. File name "tainterdvs"
Thornton Received from S. Lundt November, 2004. File name "Tani Diversions.xIs"

FRICO® Received from L. Rink, February 2004. File name "MIL90 2-27-04.xIs"

FRICO® Received from L. Rink, February 2004. File name "BARR8090worksheets 2-06-04.xlIs"
Data Quality Notes
(1) Per USGS "the discharges calculated from the tainter gate can be way off if the head from the ditch is at or near the gate opening, so remember to take
some of these lower flow values with a grain of salt."
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Table 2:
Barr Lake / Milton Reservoir Watershed Project
Flow Data Summary -- S. Platte River System Summary Based on Availability of Daily Flows

Description Station ID Source of Data | Start Date | End Date |Total Count | Count After 1987 | % Missing Since 1987*
South Platte River at Union Ave at Englewood, CO 06710245 USGS 4/12/1989 2/5/1996 2449 2449 61%
South Platte River below Union Ave, at Englewood, CO 06710247 USGS 2/7/1996 6/2/2004 3039 3039 51%
South Platte River at Englewood, CO 06711565 USGS 2/1/1983 6/2/2004 7793 6362 0%
Cherry Creek below Cherry Creek Lake, CO 06713000 USGS 6/30/1950 6/3/2004 19667 6332 0%
Cherry Creek at Glendale, CO 06713300 USGS 1/1/1985 3/15/2004 7013 6282 0%
Cherry Creek at Denver, CO 06713500 USGS 8/11/1942 6/2/2004 17933 6360 0%
South Platte River at 50th Avenue at Denver, CO 06714130 USGS 2/27/1980| 12/31/1981 674 0 100%
Sand Creek at Mouth Nr Commerce City, CO 394839104570300 USGS 1/31/1992 6/2/2004 4485 4485 28%
South Platte R at 64th Ave. Commerce City, CO 06714215 USGS 1/28/1982 6/2/2004 8157 6357 0%
Big Dry Creek at Mouth Near Fort Lupton, CO 06720990 USGS 10/1/1991| 5/30/2004 4626 4626 25%
South Platte River at Fort Lupton, CO 06721000 USGS 4/29/1929 6/2/2004 10768 386 94%
Clear Creek at Mouth, Near Derby, CO 06720000 USGS 4/1/1914| 8/16/1993 22255 1386 78%
Peoria Intercept Bl 56th Av, at Rocky Mtn Ars, CO 06720280 USGS 10/1/1991 6/2/2004 4448 4448 28%
FIRST CR AB 96TH AVE, AT ROCKY MTN ARSENAL, CO 06720480 USGS 10/1/1991 6/2/2004 4629 4629 25%
HAVANA INTERCEPT BL 56TH AV, AT ROCKY MTN ARS, CO |06720285 USGS 2/4/1994 6/1/2004 3699 3699 40%
WETLAND 1 FLUME @ ROCKY MOUNTAIN ARSENAL,CO 3948051044804 USGS 5/11/1992 6/2/2004 3514 3514 43%
WETLAND 2 FLUME @ ROCKY MOUNTAIN ARSENAL,CO 3948101044931 USGS 5/12/1992 6/2/2004 3514 3514 43%
WETLAND 5 FLUME @ ROCKY MOUNTAIN ARSENAL,CO 3948141044931 USGS 7/1/1992 6/2/2004 3459 3459 44%
WETLAND 3 FLUME @ ROCKY MOUNTAIN ARSENAL,CO 3948261044907 USGS 7/1/1992 6/2/2004 3462 3462 44%
WETLAND 4 FLUME @ ROCKY MOUNTAIN ARSENAL,CO 3948281044905 USGS 7/1/1992 6/1/2004 3461 3461 44%
HIGHLINE LATERAL @ 6TH AVE @ RMA, CO 394845104494201 USGS 10/1/1991 6/2/2004 4430 4430 29%
UVALDA INTERCEPTOR TO UP DERBY LK @ RMA,CO 394845104494203 USGS 6/25/1992 6/2/2004 4361 4361 30%
NORTH UVALDA TO LOWER DERBY LK @ RMA,CO 394845104494204 USGS 10/1/1991 6/2/2004 4458 4458 28%
SAND CR LATERAL ABV LADORA WEIR @ RMA,CO 394856104504601 USGS 6/8/1992 6/2/2004 4378 4378 29%
LADORA DITCH BLW LADORA WEIR @ RMA,CO 394856104504603 USGS 6/11/1992 6/2/2004 4375 4375 29%
LAKE MARY FLUME AT ROCKY MOUNTAIN ARSENAL,CO. 3949051045153 USGS 4/28/1993 3/12/2003 3567 3567 43%
UVALDA INTERCEPT BL 56TH AV AT ROCKY MTN ARS, CO |06720255 USGS 10/1/1991 6/2/2004 4628 4628 25%

* Percentage of daily flow records missing between 1987 and the end date.
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Water-Quality Data

Monitoring stations with water-quality data that have been included in the database are

shown on Figure 2 and listed in Appendix E. The master list of parameters considered is
listed in Appendix F.
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Figure 2
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2.4.2 Known Missing Data
Flow Data

Some average daily flow data are believed to exist but weren't provided during this phase
of the project. These dataarelistedin Table 3.

Table 3: Flow Data Not Provided

Flow Data Description Data Owner

Tani Lakes Diversions City of Thornton

Chatfield Releases US Army Corps of Engineers**
Fulton Ditch Diversions State Engineers Office
Brantner Ditch Diversions

Platte Valley Canal Diversion*** (Evans #2) at SPR

State Engineers Office

State Engineers Office

Bear Creek at Mouth

South Platte River at Denver

South Platte River at Henderson

Big Dry Creek at Westminster

Sand Creek Wastewater Reclamation Facility
Brighton WWTP

Big Dry Creek WWTF

Northglenn CDPS Discharge to BDC (infrequent)
Broomfield Wastewater Reclamation Facility
Littleton / Englewood WWTP

Glendale WWTP

Williams Monoco WWTP

Fort Lupton WWTP

Marcy Gulch WWTP

State Engineers Office*
State Engineers Office*
State Engineers Office*
USGS

City of Aurora

City of Brighton

City of Westminster
City of Northglenn

City of Broomfield

Littleton / Englewood WWTF

City of Glendale
SACWSD
City of Ft. Lupton

Centennial Water & Sanitation

District

*Data aso published by the USGS
** Records maintained by the SEO

*** Throughout this document, the diversion from the South Platte River near Platteville
which eventually flows into Milton Reservoir will be referred to the Platte Valley Canal
diversion. Thisisdescribed by the SEO as the Evans #2 Diversion. For this document, the
Evans#2 isacanal which diverts from the Platte Valley Canal between the South Platte
River and Milton Reservair.

FRICO initially provided two spreadsheets of flow data— one for the Barr System and
one for the Milton System. Subsequent to the delivery of these data, one of FRICO’s
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consultants began an effort to refine the flow numbers and fill in the data gaps.
Hydrosphere received the results of thisanalysis for the Barr System, which covers a
period up to December 31, 2000. The Milton System analysis had not been completed in
time to be incorporated into this phase of the project.

Water-Quality Data

Some water-quality datain the watershed are believed to exist but weren't provided to the
database developers during this phase of the project. They arelisted in Table 4. In
addition, not all of the water-quality data provided were incorporated into the database
due to questions, incompleteness, timing, or relevance. These dataare listed in Table 5.

Table 4: Water-Quality Data Not Provided

WQ Site Description Data Owner

Final Effluent WQ to the Burlington Ditch MWRD

Milton Reservoir WQ Data FRICO

Milton Reservoir Inflow WQ Data FRICO

Milton Reservoir Outflow WQ Data FRICO

Aurora WWTF WQ Data (upstream, downstream, effluent) Aurora (SP CURE)

Zuni Power Station (upstream, effluent) Xcel Energy (SP CURE)

Rocky Mountain Arsenal Sites Rocky Mountain Arsenal

Table 5: Water-Quality Data Obtained But Not Included in Database

WQ Site Description Data Owner

Denver Department of Environmental Health Sites DEH

Burlington System Water Quality City of Thornton
Brighton WWTF (upstream, downstream, effluent) City of Brighton
South Platte River Nutrient Data CDOW

Note that of the water-quality data provided, the end dates of the datavary. For example,
some SP CURE entities' data are up-to-date through November 2000, while others cover
a period through December, 2002.

Value of the Missing Data

Many of the data either missing from the flow data inventory or missing from the BMW
water-quality database are important and effort should go into obtaining these data for
subsequent analyses. Also, although some data were provided for key sites, most of the
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dataare two to four years out of date. For areservoir anaysis, the most critical period
starts in June of 2002 when more intensive in-lake monitoring started in each of the
reservoirs.

With respect to the flow data, the following is recommended:
Obtain the WWTP flow data. These data should be easy to obtain.
Obtain all of the stream and canal datain Table 3.

Obtain up-to-date inflows and outflows to the reservoirs. The refined Barr flow file
needs to be updated past December of 2000 and the results from the effort to refine
the Milton inflows/ outflows should be obtained.

With respect to the WQ data, it is recommended to obtain:

Metro effluent water quality to the Burlington Ditch. This should be readily
available.

Milton inflow and outflow water-quality data. The off-shore reservoir data are less
important but can provide some information.

The Burlington system water-quality data from Thornton. These data are important
but would be more useful if more nutrients were sampled.

DEH data. These datawill be important for a watershed analysis.
Note that the DOW data has not been reviewed for completeness or importance.
2.4.3 Other Data Available

Other electronic data obtained for the project that should be useful in upcoming analyses
include:

Barr Lake Surface Water Elevation (daily);
Milton Reservoir Surface Water Elevation (daily);

Elevation-Area Relationships for Milton Reservoir (based on mapping conducted in
2003/ 2004);

Elevation — Capacity Relationships for Barr Lake (historical relationship);

Elevation — Capacity Relationships for Milton Reservoir (based on mapping
conducted in 2003 / 2004); and

Barr Lake Sediment Data.

Please refer to Appendix B for other electronic data received for the project. These data
filesareincluded on the BMW Data CD, submitted with this report.

2.4.4 Up and Coming Data

Datathat are being developed by FRICO include:
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Elevation -- Area Relationships for Barr Lake (based on recent mapping);
Elevation — Capacity Relationships for Barr Lake (based on recent mapping); and
Refined Flows for Milton Reservoir System.

These data should be incorporated into the BMW project when they are finalized.

2.5 Recommendations for Future Database Maintenance

It will be very important to give careful thought on how to best maintain the BMW
Water-Quality Database and keep it up to date for future use. The following
recommendations are made:

1. Ideally, the database should be managed and maintained by one person in order to
ensure consistency. It would be possible to do this with two people, but they would
have to work closely together.

2. The person in charge of the database should have the following skills and/or traits:
Relational database skills;
Water-quality domain knowledge;
Working knowledge of MS Access;
Detailed oriented yet able to see how all the pieces fit together; and

Disciplined about documentation.
3. The database manager should be given adequate time to do his or her job well.

Other database items that will need to be considered include:

To upload datato STORET, a STORET SIM template will need to be developed.
The current STORET export utility is based on the general requirements for EPA
Region 8 s superfund data uploads. A more project specific SIM template may be
developed, and in that case, the export utility will need to be modified to export all
the required fields for that template.

Some type of official version control methodology and distribution system needs to
bein place.

Theitems listed in Appendix C should serve as good QA/QC guidelines for the database
manager.

Regarding the future use of the database, it is critically important that the flow of data
(both water-quality data and flow data) from the data collection agency to the data
manager be smooth, timely, and complete. There were afew instances during the
development of this database where it was quite difficult to get complete data and
information on atimely basis. The entities responsible for collecting future data must be
committed to this processin order to have the best data available for future analyses.
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3 CURRENT AND FUTURE MONITORING

3.1 Current Monitoring Efforts in the Basin

3.1.1 Flow Monitoring Programs

As mentioned previously, average daily flow datais more useful in most water-quality
data analysis exercises. There are anumber of actively gauged flow sitesin the
watershed. Most of them are managed by the USGS or the State Engineers Office. The
sitesare listed in Table 6 and displayed in Figure 3.

3.1.2 Water-Quality Monitoring Programs

Although the majority of the data in the database are from sites not currently sampled,
there are anumber of actively monitored sites in the watershed. These sites are part of
one or more stakeholder’ s regular monitoring programs and in many cases, there is some
type of monitoring plan that describes the ongoing activities.

Entities with regular water-quality monitoring programs at specific locations in the data
collection areaare listed in Table 7. Monitoring plans/ information from specific
agencies (Metro, FRICO, SP CURE, Big Dry Creek, Thornton — Burlington System) can
be found on the BMW Data CD. Note that active USGS water-quality stations were
determined by the information provided at the USGS Colorado website
(co.water.usgs.gov).

With respect to groundwater water-quality monitoring, the USGS has an active sampling
program throughout the watershed. In addition, MWRD is expanding their groundwater
quality data program by drilling approximately 20 shallow wells along the South Platte
River. The Pelican Lake Ranch Community is planning on installing groundwater
monitoring wells near the west shore of Milton Reservoir in order to determine the effects
of septic systems on groundwater. FRICO also has plans to install groundwater
monitoring wells around Barr Lake. These and other actively monitored groundwater
sitesin the basin should be considered in future efforts.
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Table 6: List of Active Flow Stations

System Station Description Agency Map ID

Barr Lake System Burlington Wastegate USGS 813
Burlington Canal below Sand Creek SEO 814

Thornton Diversions to Tani Lakes from Thornton 811
Burlington

SACWSD Diversions from Burlington SACWSD 812
Little Burlington Diversion FRICO 801
First Creek above 96" Ave at RMA USGS 289
Denver-Hudson Canal FRICO 815
Inflow into Barr Lake FRICO 802
Speer below Barr Lake FRICO 807
West Burlington below Barr Lake FRICO 805
Beebe Draw below Barr Lake — Seepage Only FRICO 803
Beebe Draw below outfall (includes seepage) FRICO 804
East Burlington below Barr Lake FRICO 806
Neres below Barr Lake FRICO 808

Milton Reservoir Platte Valley Canal Diversion from SPR SEO 810
System

Milton Reservoir Release FRICO 809

Cherry Creek Cherry Creek below CC Reservoir USGS 269
Cherry Crk Nr Mouth (at Denver) USGS 272

Sand Creek Sand Creek at Mouth USGS 369

Big Dry Creek Big Dry Creek at Westminster USGS 905
Big Dry Creek at Mouth USGS 292

South Platte River Chatfield Reservoir Release COE 914
Clear Creek at Mouth, Near Derby SEO 233
Bear Creek at Mouth SEO 236
SPR below Union USGS 255
SPR at Englewood USGS 259
SPR at Denver SEO 273
SPR at 64" Ave. USGS 278
SPR at Henderson SEO 291
SPR at Ft. Lupton SEO 293
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Table 7: Agencies with Active Water-Quality Monitoring Programs

Entity Contact No. of River / Canal No. of No. of
Sites Reservoir Effluent
Sites Sites

Steve Lundt (Lake Data)

Jim Dorsch (Stream / Effluent
Data)

FRICO* John Stednick
Brighton** Toni Lusk
Aurora** Randy Giffin
Littleton / Englewood** Phil Russell
City of Glendale** Andrew Wacker
SACWSD** Blaire Corney
WQCD** Joni Nuttle
Centennial** Paul Grundemann
City of Thornton — SP CURE** Vic Lucero
City of Thornton — Burlington System* Vic Lucero
USGS Dave Litke
Denver Dept. of Env. Health Jon Novick
DIA Janet Keiler
Big Dry Creek Watershed Assoc.* Jane Clary
Chatfield Watershed Assoc. Russ Clayshulte
Urban Drainage and Flood Control District John Doerfer

*Received some type of monitoring plan documentation

** SP CURE member. Described in SP CURE monitoring plan.

*** off-shore site

BOLD — Not in current database

Metro Wastewater Reclamation District* 6 3
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These sites are shown in Figure 4 and listed in upstream to downstream order in Table 8.
Note that not all of these stations are included in the current version of the database. Data

for severa of these sites were not provided during this phase of the project or could not
be imported for some reason.
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System

Station Description

Agency

Barr Lake System

Burlington Ditch at 64™ Ave.

MWRD - SP CURE

MWRD Effluent Inflow into
Burlington

FRICO, Thornton-Burlington*

Burlington Ditch at Sand
Creek Gaging Station

FRICO

Tani Lake Diversion

Thornton-Burlington*

Burlington Ditch at O’Brian

Thornton-Burlington*

DIA_SubA

DIA

DIA_SubD

DIA

DIA_SubC

DIA

DIA_SubD

DIA

Third Creek at O’'Brian
Canal

FRICO

Barr Lake Inflow from
O’Brian Canal

FRICO, Thornton-Burlington*

26,912

Barr Beach (at boat dock)

FRICO

Barr Lake — B1

MWRD — SP CURE

Barr Lake — B2

MWRD - SP CURE

Barr Lake — B3

MWRD - SP CURE

Barr Lake East Outfall

FRICO

Barr Lake West Outfall

FRICO, Thornton-Burlington*

Milton Reservoir
System

Platte Valley Canal
Headgate off SPR

FRICO

Milton Inflow from Platte
Valley Canal

FRICO

Milton Inflow from Beebe
Seep

FRICO

Milton Reservoir - M1

MWRD - SP CURE

Milton Reservoir - M2

MWRD — SP CURE

Milton Reservoir - M3

MWRD - SP CURE

Milton Release (Gilmore
Canal)

FRICO

Marcy Gulch

Marcy Gulch WWTP

Centennial — SP CURE
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System

Station Description

Agency Map ID

Bear Creek

Bear Creek at USGS
Gaging Station

LE - SP CURE

Cherry Creek

Cherry Creek below Cherry
Crk Dam

USGS

E102

DEH

ER3

DEH

ES3

DEH

Cherry Creek at Goldsmith
Gage

Glendale — SP CURE

Glendale WWTP Effluent

Glendale — SP CURE

Cherry Crk at Colorado
Blvd.

Glendale — SP CURE

E40

DEH

E6

DEH

w17

DEH

Cherry Creek near Mouth
(at Denver)

USGS

Sand Creek

Tollgate Creek at 6™
Avenue

UDFCD

Upstream of Aurora WWTP

Aurora — SP CURE

Aurora WWTP Effluent

Aurora — SP CURE

Downstream of Aurora
WWTP

Aurora — SP CURE

Sand Creek on Burlington
Ditch Flume

MWRD — SP CURE 55

Sand Creek at Mouth

UDFCD, USGS 186,369

Clear Creek

Clear Creek at York

MWRD - SP CURE 38

Clear Creek Upper South
Platte

Thornton — SP CURE

Clear Creek at Derby Gage

Thornton — SP CURE

Big Dry Creek

Big Dry Crk below Old
Wadsworth

Big Dry Crk Watershed Assoc

Big Dry Creek below 112™
Ave.

Big Dry Crk Watershed Assoc
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Station Description

Agency Map ID

Big Dry Creek at
Westminster

USGS 905

Big Dry Creek below 120™
Ave.

Big Dry Crk Watershed Assoc 86

Broomfield WWTP
Discharge

Big Dry Crk Watershed Assoc 89

Big Dry Creek above 128"
Ave.

Big Dry Crk Watershed Assoc 81

Westminster WWTP
Discharge

Big Dry Crk Watershed Assoc 98

Big Dry Creek at I-25 &
Thorn Crk Golf Course

Big Dry Crk Watershed Assoc 92

Big Dry Creek at York St.

Big Dry Crk Watershed Assoc 84

Northglenn WWTP
Discharge

Big Dry Crk Watershed Assoc 03

Big Dry Creek below WCR
4

Big Dry Crk Watershed Assoc 88

Big Dry Creek above WCR
8

Big Dry Crk Watershed Assoc 83

Big Dry Creek at Mouth

USGS

South Platte
System

SPR below Chatfield
Reservoir

COE

SPR above Marcy Guich

Centennial — SP CURE

SPR at Mineral

Centennial — SP CURE

SPR below Big Dry Creek
(South)

UDFCD

SPR at Union Ave.

Centennial — SP CURE

SPR below Union Ave.

USGS

SPR at Dartmouth

LE — SP CURE

S29

DEH

LE Effluent Discharge

LE — SP CURE

SPR at Evans

LE — SP CURE

S14

DEH

N1

DEH

N14

DEH

SPR above Cherry Creek
(at Denver)

USGS
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Station Description

Agency Map ID

N25E

DEH 702

SPR at 19" Ave.

WQCD - SP CURE 146

SPR below Cherry Creek

UDFCD 187

N38

DEH 701

N46

DEH 700

SPR above Burlington
Headgate

Thornton — SP CURE 230

SPR at Burlington
Headgate

FRICO 37

SPR above Clear Creek

Thornton — SP CURE

SPR at 64" Ave.

MWRD — SP CURE, USGS

MWRD South Effluent

MWRD — SP CURE, Thornton-
Burlington*

MWRD North Effluent

MWRD - SP CURE, Thornton-
Burlington*

SPR above Clear Creek
(100 yds)

MWRD — SP CURE

SPR at 78" Ave.

MWRD - SP CURE

SPR at 88" Ave.

MWRD - SP CURE

SPR at McKay Road

SACWSD - SP CURE

SACWSD Effluent
Discharge

SACWSD - SP CURE

SPR at Henderson

USGS

SPR below First Creek

UDFCD

SPR at 124" Ave.

MWRD - SP CURE

SPR at 160" Ave.

MWRD - SP CURE

SPR at County Road 8

MWRD - SP CURE

SPR at Hwy 52

MWRD - SP CURE

SPR at Ft. Lupton

USGS

SPR at WCR 18

MWRD - SP CURE

SPR at WCR 28

MWRD — SP CURE

Thornton - Burlington = City of Thornton - Burlington System Monitoring

Note that there were some cases where the monitoring plans and the data received do not
match. For these cases, it was generally assumed that the data reflect what will be
monitored in the future.
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It is noted that River Watch sites are not included on the active stations list. Much of the
River Watch data are collected by volunteers and although the data are usually very
reliable, there are higher risks that some of the data may not be collected. These data
should be included in future updates to the database as they provide valuable information
at sites not monitored by others.

Also note that the monitoring program at the Denver Department of Environmental
Hedlth isin astate of flux. Thereisthe possibility that the program may be expanded in
the future. The sites shown on the map are the active sites which are monitored on a
monthly basis. There are an additional 49 sites which are monitored on a quarterly basis
which are not shown.

The general sampling frequency by agency isshown in Table 9. Most of the sites are
monitored at least monthly. Some are monitored twice per month. The sites managed by
UDFCD are sampled during storm events — typically 4-8 storms from March to October
of each year. The USGS sites have a variety of schedules, depending on the site.

Although entities monitor for a number of reasons, the focus of this document is
eutrophication. Table 10 lists a number of basic water-quality parameters, including
those important to understanding the eutrophication process. Included in thistable are
the parameters monitored by agency, in general.
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Table 9: General WQ Sampling Frequency by Agency
(Current Monitoring Programs)

(INSERT TABLE 9) — 1 page
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Table 10:  Eutrophication-Related Parameters by Agency
(Current Monitoring Programs)

(INSERT TABLE 10) — 1 page
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3.2 Overlapping Sites

There are 15 locations in the watershed where more than one agency is collecting water-
quality data. They are described in Table 11. There may be opportunitiesto save
resources by coordinating efforts between data-collection agencies. Thisisfurther
discussed in Section 3.D.

3.3 General Discussion of Monitoring Needs

There are numerous water-quality issues in the basin, other than the eutrophication
processes in Barr Lake and Milton Reservoir. Current concerns include stream
concentrations of dissolved cadmium, selenium, copper, E. Coli, nitrate, sodium,
mercury, and dissolved oxygen. This document is focused on eutrophication and makes
recommendations based on that issue. A review of the adequacy of the current
monitoring plans for other purposes was not completed as part of this effort.

With respect to flow monitoring, it is important to quantify daily average flows
throughout the system. Critical points include point source flows, inflows and outflows
into the reservairs, tributary inflows into the South Platte River, and other points to
ensure that a good water balance can be computed. Average daily flows should be
quantified using reliable gages and not estimated.

Water-quality parameters should be monitored on at least a monthly basis, preferably 2
times per month. Analytical methods should be EPA approved or follow American
Public Health Association (APHA) Standard Methods. Detection limits should be low
enough to prevent a significant amount of the data coming back as ‘ below detection
limit’. In addition, each monitoring effort should have a good QAPP in place.
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Table 11:  Overlapping Water-Quality Monitoring Site Locations

(Insert 1 page — landscape)
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3.4 Recommendations for Future Monitoring

Specific recommendations for future monitoring are listed below. Please note that a
reservoir assessment for each of the reservoirsis planned in the near future. These
assessments should include water and nutrient mass balances. The results of these efforts
may uncover other recommendations and/or involve slight changes to the ones listed in
this document.

The overall objectives of future monitoring recommendations include:
Support future TMDL development for Barr Lake and Milton Reservoir for pH;

Support the determination of appropriate nutrient criteriafor Barr Lake and Milton
Reservoir; and

Support future modeling and analysis efforts described in the document
“Evaluation of Approaches and Tools” (Hydrosphere, 2005b).

Note that the discussion below focuses on specific changesto existing programs. If a
particular item isn’t mentioned, it probably should continue to occur as planned.

3.4.1 Flow Monitoring

There are several ungaged locations where it isimportant to have good, reliable flow
data. Thesitesarelistedin Table 12.

Table 12: Flow Sites to Include in Current Monitoring

Site Description

Inflow Into Milton from Platte Valley Canal
Inflow into Milton from Beebe Draw

Evans #2 Diversion from Platte Valley Canal
Outflow from Milton Reservoir

For the Barr Lake system:

Outflows from Barr Lake are read once daily. If there are significant diurnal variationsin
the flows from the reservoir, it may necessary to record these flows more often. If itis
essentially constant over the course of a day, then adaily reading may be adequate. The
rest of the flows on the Burlington / O’ Brian Ditch System should have the infrastructure
in place to provide adequate flow data according to the information provided.

For the Milton Reservoir system:

It is assumed that there are reliable daily flow datafor the diversion to the Platte
Valley Canal (designated by the SEO as “Evans #2”) at the South Platte River from
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the State Engineers Office. If thisisnot the case, flow should be monitored at this
location also.

Diversions from the Platte Valley Canal to the Evans #2 are not currently
monitored. Thissiteisimportant to be able to differentiate what is diverted from
this canal versus gains.

Inflow into Milton Reservoir viathe Platte Valley Canal is currently estimated. It
needs to be measured.

Inflow into Milton Reservoir viathe Beebe Draw is currently estimated. It needsto
be measured.

It is recommended to monitor the releases from Milton Reservoir upstream of
where Christina Lake flows into the Gilmore Ditch — thus providing one
measurement of the total release from the reservair.

There is a concern about the flow data for the Barr Lake system and the Milton Reservoir
system. The flow rates around the two reservoirs are very important for any type of
water-quality analysis. Inthe flow sheetsinitially provided, there are a significant
number of blank cells, even though it appears that flow data should have been recorded.
It was indicated that a blank means that ‘ no data existed at the point in time that the
records were conveyed'. Subsequently, a number of data holes werefilled in for the Barr
Lake system by FRICO’ s contractor (and the Milton Reservoir system although it was
not ready in time). Hydrosphere is not aware of what went into filling in the data holes,
but it appearsthat if al readings were taken as described in the initially send, the data
holes wouldn’t exist (except for those listed in Table 12).

3.4.2 Surface Water-Quality Monitoring
Parameters

A list of water-quality parameters that should be routinely monitored to meet the
objectives of this project are listed in Table 13. Most of these parameters are currently
sampled by one or more agency but no agency collects al of them. It isrecommended
that these constituents be added to current monitoring plans, if they aren’t currently
monitored.

In addition to the parameters listed in Table 13, other data should be collected on aless
frequent basis. These data include additional sediment data, algal bioassays, precipitation
water-quality data, and periphyton biomass along the South Platte River.

For steady state river modeling, 24-hour sampling events (every 1-2 hours) are desirable.

MWRD has conducted these types of studiesin the past. Asthe project progresses and
when critical time periods are determined, additional 24-hour testing may be required.
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Parameters Recommended for Routine Monitoring

Parameter

Note

Importance

Temperature

Effects water chemistry and functions of aquatic
organisms

pH

Important re: ammonia toxicity. Impacted by algal
growth. Harmful to aquatic life at high levels.

Specific Conductivity

Indicator of salinity. Can be used as a tracer.

Alkalinity

Measures capacity of water to neutralize acids.
Closely related to pH.

Hardness*

Affects metal solubility

Dissolved Oxygen

Important for aquatic life and drinking water quality.

Total Suspended Solids

Impact on water clarity and algal growth

Total Dissolved Solids

Measure of salinity. Can be used as a tracer.

E. Coli*

Indicator of fecal contamination

Fecal Coliform*

Indicator of fecal contamination

BOD

Measure of the amount of oxygen consumed by
microorganisms in decomposing organic matter
and the amount needed for chemical oxidation of
inorganic matter

CBOD

Portion of BOD due to decomposition of
carbonaceous matter

TOC

Energy source for bacteria. Detrimental for water
supply (T&O, DBPs, etc.)

DOC

Indicates dissolved, non-settling portion of total
organic carbon

Total Inorganic Carbon

Important for describing inorganic carbon cycling
and pH

Total Phosphorus

Nutrient — important for algal growth

Orthophosphate

Nutrient — important for algal growth

Nitrate

Nutrient — important for algal growth

Nitrate + Nitrite

Nutrient — important for algal growth

TKN

Nutrient — important for algal growth

Ammonia

Nutrient — important for algal growth

Manganese

Lake Only

Released from sediments under anoxic conditions

Chlorophyll a (corrected)*

Lake Only

Indicator of algal growth

Secchi Disk Depth

Lake Only

Trophic indicator. Impact on algal growth.

Phytoplankton Species®

Lake Only

Differentiate between different algal species.

Zooplankton Species

Lake Only

Indicator of algal grazing

*recommended but not critical for eutrophication studies
'take profile once/month in summer (3 points)
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Locations

For the in-reservoir sampling sites, the following recommendations are made.

Three in-reservoir sites for each reservoir may be unnecessary. Comparisons
between the sites should be made as part of the reservoir assessment to see if there
are significant differences between the sites.

For Milton, it would be useful to take some samples near the inlet from the Platte
Valley Canal during filling to determine the extent of potential short circuiting.

If the more ‘upstream’ site on Barr Lake goes dry or istoo shallow to sample, it is
best not to sample at a deeper location and continue to call it B1. It isimportant to
tie asite nameto a specific location. The B1 site can be skipped if thisisthe case.

The “Barr Lake” site, where samples are taken from off shore, can be eliminated.
In-reservoir sites taken from a boat are much more useful for limnological studies.

Continue to sample both the epilimnion and hypolimnion for most parameters.

Continue to take profiles for temperature, dissolved oxygen, pH, and conductivity.

The current stream and canal water-quality sampling sites are well located. There aren’t
obvious holes in locations — as long as appropriate data are collected at an appropriate
frequency.

Asnoted in Section 3.B, there are a number of sites where multiple agencies are taking
samples. Different agencies are faced with varying sets of water-quality challenges and
design their sampling programs to fit their particular needs.

There are some advantages to this situation. This overlap can be used as a quality-control
measure in that agencies that are using different analytical methods or procedures can
make comparisons between final results. In addition, there are more water-quality data to
be used for assessment and modeling purposes. It is recommended, however, that there
be some type of coordination of sampling events to optimize the sampling frequency.
This should be done after data comparisons are made.

If sampling needs to be reduced due to resource constraints, it should be done only in the
event that the site is covered by an agency (or agencies) that sample appropriate
parameters using appropriate methods, at an appropriate frequency. Note that the
UDFCD sites are strictly for stormwater sampling and should not be eliminated even if
these sites overlap with another agency.

Also, it isrecommended not to completely eliminate any of the current sampling
locations.

Frequenc
For the in-reservoir samples, the current program of two times per month for March

through October and monthly for November through February seems appropriate.
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For stream and canals, it is recommended that sampling occur at least on a monthly basis,
preferably two times per month. Twice per month is highly recommended for the inflows
into the reservoirs throughout the year, including November through April. Weekly
sampling isoptimal at these sites.

Analytical Methods

L aboratory analyses should follow EPA-approved methods or American Public Health
Association (APHA) Standard Methods. |If alternative methods are used (i.e. Hach 8190),
then documentation should be provided to justify the use of the aternative method.

As noted above, detection limits should be low enough to adequately quantify
concentrations and not have a significant number of samples coming back as ‘ below the
detection limit’. Thisis particularly important when assessing and simulating nutrient
dynamics.

It was noted during the data collection process that detection limits for ammonia samples
analyzed at the Metro Wastewater lab should be reduced. Thisincludes samples
collected by Metro Wastewater and FRICO. The current detection limit is 0.2 mg/I.
Although this may be appropriate for the downstream South Platte River sites, it results
in anumber of ‘below detection level’ concentrations for the upstream South Platte River
sites and the reservoirs (over 50% of the Milton Reservoir samples were below the
detection limit).

QA/IQC

Water-quality monitoring and quality assurance project plans should be in place for al
agencies collecting data. They should be modified as appropriate when changes are
made.

For the Barr / Milton data received thus far, wide variations in chlorophyll a were found
at times when duplicate samples were taken in the reservoirs. It is suggested that an
outside lab be used for comparison purposes for chlorophyll a and phytoplankton species
identification at certain intervals to ensure data quality.

It isimportant that all agencies are committed and have the resources to collect the data.
Frequent data gaps can be very problematic in conducting reservoir and stream
assessments.

3.4.3 Stormwater Monitoring

Currently, there are five active stormwater sites monitored by UDFCD along the South
Platte River and Sand Creek. These sites should continue to be monitored. Locations for
additional sites can beidentified with additional assessment.

3.4.4 Groundwater Monitoring

Groundwater data were not included in this phase of the project. In order to determine
appropriate groundwater monitoring for the future, additional work would need to be
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done. For the reservoirs, the planned reservoir assessments should help to identify the
degree of groundwater contribution. This could lead to some specific monitoring
recommendations. For the stream system, additional information from other existing
studies should be reviewed along with existing groundwater data.
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APPENDIX A — Data Request Letter

Hydrosphere Resource Consultants




The BMW WQ Database and Recommendations for Monitoring
Page B

APPENDIX B — Files and Information Received
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APPENDIX C — Data Assessment and QA/QC Punchlist
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