Executive Summary

The Denver Department of Environmental Health’s (DEH) Division of Environmental Quality
(DEQ) began sampling lakes annually in 1996. This sampling has evolved into an on-going
Lakes Assessment Program which serves to ensure the well being of the environment and the
citizens within the City and County of Denver (CCOD). A primary goal of the Lake
Assessment Program is to help the CCOD maintain water quality within the established
Colorado Department of Public Health and the Environment’s (CDPHE) guidelines defined in
Regulations 31 (CDPHE 2005a) and 38 (CDPHE 2005b). These standards have been
established to protect for a variety of water uses including recreational, aquatic life, and
agricultural (irrigation). If water quality standards are met, conditions in the lakes are assumed
to be protective for these uses. If standards are not met, the DEQ will take action with the
appropriate agencies to help remedy the situation.

In addition to assessing water quality regarding CDPHE standards, results from the Lake
Assessment Program have established background conditions and provide valuable information
for CCOD agencies responsible for the management of the Lakes. Primary beneficiaries of this
information include the DEH and the Denver Department of Parks and Recreation (DPR)
during planning for renovations and contaminant cleanup issues. Management decisions
supported by results from the Lake Assessment Program can play an important role in the
Mayor’s goal of making Denver a better place to live. The data has also been of value to the
CDPHE for assessment of state water quality standards, to the Denver Water Department for
the assessment of the impacts of City Ditch on lake water quality, and to the EPA regarding
public health issues.

Within this report, the 2004 sampling results for individual lakes are compared to results from
other Denver Lakes as well as to the CDPHE water quality standards and federal sediment
guidance (USEPA 2001). Each lake is described with an emphasis on water and sediment
quality. Additional observations with environmental and human health management
implications are also addressed. This report emphasizes management recommendations on a
lake-specific basis. A glossary is included to provide an explanation for many of the technical
terms used within.

2004 Findings

The 2004 report emphasizes discussion of issues and management recommendations and limits
text on actual data. Within each lake subsection, a summary of the 2004 findings are provided
in a table format followed by discussion of the primary issues and management
recommendations. All 2004 data is available for reference in table format while long term data
is available via the 2003 Lake Report or upon request from the DEQ.

The lakes are grouped and discussed based upon their respective primary water subsidy source.
These water sources include the Rocky Mountain Ditch, City Ditch, Agricultural Ditch, South
Platte River, and four lakes with miscellaneous sources.

Some noteworthy findings from the 2004 monitoring included:
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o Berkeley Lake fish tissue-arsenic levels were deemed acceptable by CDPHE sampling
in fall of 2004 for fish consumption®;

e Bacteria levels in Sloans Lake were generally acceptable for recreational purposes
throughout the boating season;

e The transition in City Ditch source water from the de-chlorinated tap to re-use water
had substantial impacts on lake water quality after one year measured primarily through
significantly increased nitrate levels;

e Ferril and Duck Lakes exceeded ammonia concentrations, a possible consequence of the
switch to re-use water;

e A continued decrease in water clarity in two of the Agricultural Ditch Lakes (Harvey
and Garfield);

e Emergent vegetation (primarily Typha spp.) in Huston Lake died back and was replaced
by submergent vegetation throughout the lake (primarily Potamogeton spp.);

e Bacteria levels in Barnum Lake were measured at levels of concern in addition to high
concentrations in Weir Gulch (inflow to Barnum) relative to previous years;

e Further documentation of VOC and PAH concentrations in Vanderbilt Lake with likely
sources coming from historical industrial discharges and storm runoff.

Management Challenges & Recommendations

The Denver Lakes pose many challenges to maintaining acceptable conditions. Because these
lakes are expanded and/or created water bodies, they lack natural controls that would typically
exist to maintain ecological balance. Some of the typical symptoms of this imbalance include
excessive productivity in the form of algae and submerged vegetation, poor water clarity, and
depressed dissolved oxygen. Management complexity is further compounded in an urban
environment in which the necessary input of stormwater quantity is either diverted away, or is
discharged to the lake accompanied with poor quality.

Based on information garnered over the past nine years, the DEH has several management
recommendations with which to address above mentioned challenges including: dredging,
mitigation of incoming water quality, forebays, aeration, chemical treatment, water drawdown,
and Natural Area establishment in and around the lakes. Each of these approaches has
advantages and disadvantages and none of them alone will provide the entire solution. A
summary of recommendations provided in this report specific to the Denver Area Lakes is
provided in Table ES-1.

Many of the issues and management recommendations apply to all or most of the lakes,
including: long water residence time (limited water quantity and an inefficient water path
between the primary inlet and outlets), potentially lethal water quality to aquatic life (high
temperatures combined with low DO), and high likelihood for turf management to impact lake
water quality.

! Findings from the CDPHE analyses did find that fish tissue-mercury concentrations in largemouth bass did warrant a fish
consumption advisory for both Berkeley and Rocky Mountain Lakes that was formally announced in June 2006.
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Suggested management recommendations for these issues include:

e move the inlet and/or outlet to improve the water path through the lake and decrease
water residence time;

e direct urban runoff towards the lakes to increase water quantity, but include water
quality mitigation efforts to minimize the contaminant and nutrient loading;

e install aeration or water column mixing apparatus which will provide habitat refuge for
aquatic life during physically stressful periods; and

e increase Natural Area presence along lake perimeters and on the islands to decrease
potential for negative impacts on water quality associated with turf management and
intensive Canada geese activity.

Comments regarding this report and how the DEQ can better meet your needs regarding lake
monitoring can be made by contacting the Department of Environmental Health’s DEQ at 720-
865-5480.

Table ES-1. Summary of DEH management recommendations for the CCOD Lakes. The row
designated “All Lakes” provides suggestions applicable to all sixteen regularly sampled lakes.

Water Subsidy

Source / Lake Management Recommendations

All Lakes

-decrease water residence time (increase mitigated storm runoff,
improve water path);

-establish and maintain Natural Areas around lake perimeters and on
islands.

Apply to all Lakes

Rocky Mountain Ditch

-assess soils, groundwater, and historical land use;
Berkeley Lake -survey park visitors for fish consumption information;
-provide aeration in a few key locations.

-conservative control of submerged vegetation to maintain excellent
Rocky Mountain Lake | water clarity (minimize phytoplankton growth);
-provide aeration in a few key locations.

-mitigate quality of incoming stormwater;
-educate residential and business community within the lake basin on

Sloans Lake water quality issues;
-consider dredging if and when technology provides a feasible option.
City Ditch
-excellent Natural Area opportunities;
Grasmere

-develop functional wetland within forebay for nutrient mitigation.

-establish forebay/wetland at inlet area;
Smith -establish 2-3 additional deep holes within lake and add aeration
for habitat and water quality improvements.

-improve water quality mitigation capabilities of the 17" Ave. Pond to
address high nutrient loading;

-incorporate aquatic life refugia into renovations;

Ferril -plan for removal of increased sediment deposition in light of future
detention functions;

-maintain staff awareness of avian botulism and need for vigilant
cleanup of dead waterfowl and fish.
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Table ES-1. (continued)

Water Subsidy
Source / Lake

Management Recommendations

Duck

-great need to incorporate landscape that discourages Canada goose
activity along the lake shoreling;

-actively discourage feeding of wildlife;

-use and assure operational capability of aeration system;

-maintain staff awareness of avian botulism and need for vigilant
cleanup of dead waterfowl and fish;

-evaluate effectiveness of SolarBee water column mixing on lake.

Agricultural Ditch

Harvey Lake

-manage productivity to maintain a balance between submerged
vegetation and phytoplankton
-increase diversity of riparian zone (i.e., add trees)

Garfield Lake

-provide aeration in key locations within the lake;
-excellent natural area opportunities.

Huston Lake

-seek an alternative BMP strategy that is more likely to provide
effective water quality mitigation than existing approach;

-use herbicides sparingly so as not to add to existing elevated sediment
metal concentrations (copper);

South Platte River

Overland Pond

-adjust daily timing of diversion from South Platte River to optimize
quality of incoming water;

-consider use of water column mixing agent;

-consider alternatives such as barley straw to mitigate productivity.

AguaGolf Lake

-move inlet and/or outlet (irrigation intake) to improve water path
through the lake;

-maintain adequate water levels to minimize groundwater infiltration;
-test effectiveness of aeration in static portions of the lake.

Miscellaneous

Barnum Lake

-Weir Gulch basin-wide review of BMPs to minimize negative aspects
of urban runoff on lake water quality;

-bacterial monitoring in the Weir Gulch drainage to better understand
this parameter and its association with the lake;

-maintain mudflats associated with the islands;

-consider water column mixing as an option to address anaerobic
conditions and bacterial buildup.

Vanderbilt Lake

-dredge sediments if deemed appropriate after further sampling;

-in light of potential renovation, maintain healthy riparian zone and
create buffer that includes robust tree canopy;

-provide storm runoff water quality mitigation;

-consider aeration or water column mixing apparatus;

-posting for educational and enforcement purposes regarding illegal
dumping.

Lollipop Lake

-move groundwater discharge and/or irrigation intake to improve water
path through the lake;

-aeration/water column mixing to decrease nutrient availability and
provide aquatic life refuge during stressful periods.

Parkfield Lake

-accept waterbody as a wetland and manage it accordingly;
-possibly the best natural area opportunity within the CCOD;
-continue monitoring to establish background conditions.




2004 Lakes Report

City & County of Denver — Department of Environmental Health

Table of Contents
Executive Summary . . . . . . ... i
TableofContents. . . . . . . . . . . . . .. %
Listof Tables. . . . . . . . . . . . .. Vi
Listof Figures . . . . . . . . . . . . . e vii
Listof Plates . . . . . . . . . . viii
List of Acronyums and Abreviations. . . . . .. ... ... ... ... iX
I.Introduction. . . . . . . . ... . 1
A.HowtoUse ThisReport. . . .. ... ... ... ... ....... 2
Il. Field and Laboratory Methods . . . . . ... .. ... .. ........ 2
A.FieldSampling. . . . . . . .. . 2
B. Laboratory Processing. . . . . . . . . ... 4
C.Field & Laboratory QA/QC . . . . . . . . . . . ... ... ..., 4
I1l. Data Management & Analyses. . . . . . . . ... ... ... ...... 5
A.DataProcessing . . . . . . . . . 5
B.DataQA/QC . . . . . . . . 5
IV. 2004 Sampling Results, Issues, and Recommendations . . . . . ... .. 6
A. Rocky Mountain Ditch Lakes. . . . . .. ... .. ......... 9
1.BerkeleyLake . . . . . .. ... .. .. 10
2. Rocky MountainLake . . . . .. ... ... ... . . ... 12
3.SloansLake. . . . .. ... 14
B.CityDitchLakes. . . . . . ... ... .. .. .. . ... .. ..., 18
1.Grasmerelake. . . . . ... ... ... 18
2.SmithLake. . . . ... ... .. .. 21
3.FerrilLake . . . . . . .. .. 23
4.DuckLake . . .. ... ... 27
C. Agricultural Ditch Lakes . . . . ... ... ... ... ....... 31
1. Harveylake . . . . ... ... ... .. 31
2.Garfield Lake. . . . ... ... ... .. 33
3.HustonlLake . . . ... ... . . ... 35
D.South Platte Lakes . . . . . . . ... ... ... ... ... ... 38
1.OverlandPond . . . . .. ... ... .. ... 38
2. AquaGolflLake. . . . . . ... ... 40
E. Miscellaneous Lakes . . . . . . . .. ... . ... ... 43
1L.BarnumLake. . . ... ... ... . ... .. 43
2. VanderbiltLake. . . . . ... ... ... oL 47
3.LollipopLake . . .. ... ... . .. ... 51
4. ParkfieldLake . . . . ... ... . ..o 53
Tables. . . . . . 57

Plates . . . . . . . e 71



2004 Lake Report

City & County of Denver
Department of Environmental Health

Table of Contents (continued)

Vi

References. . . . . . . . . . . e 89
AppendiCes . . . . . .. e e 91
A. CDPHE Water Quality Standards: physical, biological, metals. . . 92
B. Federal Guidance on Sediment Quality . . . . . .. ... ... ... 94
1L Metals. . . ... ... . 94
2.0rganiCs . . . . . . . e 95
Glossary . . . .. e 96
List of Tables
ES-1. Summary of recommendation for each regularly monitored lake. . . . iii
2-1. 2004 Samplingdates . . . . . . ... ... . 3
4-1. Lakes water quantity dynamics. . . . . . .. .. ... ... ... .. 6
4-2. Summary of findings for all Denver Lakes in2004 . . . ... .. .. 7
4A-1. Summary of findings for Berkeley Lake, 7/14/04 . . . . .. ... .. 10
4A-2. Summary of findings for Rocky Mountain Lake, 7/14/04 . . . . . .. 12
4A-3. Summary of findings for Sloans Lake, 7/13/04 . . . . . . ... .. .. 15
4B-1. Summary of findings for Grasmere Lake, 7/6/04 . . . . . . ... ... 19
4B-2. Summary of findings for Smith Lake, 7/6/04 . . . . . ... ... ... 21
4B-3. Summary of findings for Ferril Lake, 7/8/04 . . . . . .. .. ... .. 24
4B-4. Summary of findings for Duck Lake, 7/8/04 . . . . . . .. ... ... 28
4C-1. Summary of findings for Harvey Lake, 7/19/04 . . . . . . .. .. .. 32
4C-2. Summary of findings for Garfield Lake, 7/19/04 . . . . . . . ... .. 33
4C-3. Summary of findings for Huston Lake, 7/22/04 . . . . .. .. .. .. 36
4D-1. Summary of findings for Overland, 7/27/04 . . . . . . .. ... ... 39
4D-2. Summary of findings for AquaGolf Lake, 7/27/04 . . . . . . ... .. 41
4E-1. Summary of findings for Barnum Lake, 7/6/04 . . . . . . ... ... 44
4E-2. Summary of findings for Vanderbilt Lake, 7/15/04 . . . . . ... .. 47
4E-3. Summary of findings for Lollipop Lake, 7/27/04 . . . . .. ... .. 51
4E-4. Summary of findings for Parkfield Lake, 7/22/04 . . . ... ... .. 54
Al. 2004 Inlake physicochemical results . . . . . . ... ... ...... 58
A2. 2004 Inlake nutrient associated parameter results. . . . . . . ... .. 59



2004 Lake Report

City & County of Denver
Department of Environmental Health

List of Tables (continued)

A3. 2004 Carlson TSIsummary . . . . . . ... ... ... ... .... 60
A4. 2004 Inlake dissolved metal concentrations. . . . . . ... ... ... 61
Ab. 2004 Inlake total metal concentrations . . . . ... ... ....... 62
A6. 2004 Sediment total metal concentrations. . . . . . ... ... .. .. 63
A7. 2004 Inflow physicochemical results . . . . . . .. .. ... ... .. 64
A8. 2004 Inflow nutrient associated parameter results . . . . . . ... .. 65
A9. 2004 Inflow dissolved and total metal concentrations . . . . . . ... 66
A10. 2004 Hypolimnetic dissolved and total metal concentrations. . . . . . 67
All. 2002-04 Sediment VOC concentrations from Vanderbilt Lake. . . . . 68
Al12. 2002-04 Sediment PAH concentrations from Vanderbilt Lake. . . . . 69
A13. 2004 Summary of standard and guidance exceedances. . . . . . . .. 70
B-1. USEPA sediment metal guidance values. . . . . .. ... ... ... 94
B-2. USEPA sediment organics guidance values . . . . ... ....... 95
List of Figures

4A-1. Berkeley Lake temperature-D.O. profile . . . . . .. ... ... ... 11
4A-2. Rocky Mountain Lake temperature-D.O. profile. . . . . . . ... .. 14
4A-3. Nutrient concentrations in Rocky Mountain Lake . . . . . . ... .. 14
4A-4. Sloans Lake temperature-D.O. profile . . . .. ... .. ... .. .. 16
4A-5. Sloans Lake bacteria concentrations . . . . . ... ... .. ... .. 17
4B-1. Grasmere Lake temperature-D.O. profile. . . . . . . ... ... ... 20
4B-2. Grasmere Lake total inorganic nitrogen concentrations; 1997-2004 . . 20
4B-3. Smith Lake temperature-D.O. profile. . . . . . ... ... ... ... 22
4B-4. Smith Lake total inorganic nitrogen concentrations; 1997-2004 . . . . 23
4B-5. Smith Lake chlorophyll-a concentrations; 2001-2004 . . . . . . . .. 23
4B-6. Ferril Lake temperature-D.O. profile. . . . . . ... ... ... ... 25
4B-7. Ferril Lake total inorganic nitrogen concentrations; 1997-2004 . . . . 25
4B-8. Duck Lake temperature-D.O. profile . . . . . .. ... .. ... ... 27
4B-9. Duck Lake total inorganic nitrogen concentrations; 1997-2004 . . . . 29
4B-10. Duck Lake chlorophyll-a concentrations; 2001-2004 . . . . . . . .. 29
4C-1. Harvey Lake temperature-D.O. profile. . . . . . .. ... ... ... 31
4C-2. Garfield Lake temperature-D.O. profile. . . . . . . .. ... .. ... 34

vii



2004 Lake Report

City & County of Denver
Department of Environmental Health

List of Figures (continued)

4C-3. Garfield Lake secchi depths; 1996-2004 . . . . . .. ... ... ... 34
4C-4. Huston Lake temperature-D.O. profile . . . . . ... ... ... ... 37
4C-5. Total aluminium, iron, and manganese in Huston Lake; 2004 . . . . . 37
4D-1. Overland Pond temperature-D.O. profile. . . . . . . ... ... ... 40
4D-2. AquaGolf Lake temperature-D.O. profile. . . . . . . ... ... ... 42
4E-1. E. coli levels in Weir Gulch; 2002-2004 . . . . . ... ... ... .. 43
4E-2. Barnum Lake temperature-D.O. profile. . . . . . ... .. ... ... 45
4E-3. Water path schematic through Barnum Lake . . . . . . ... ... .. 45
4E-4. Vanderbilt Lake temperature-D.O. profile . . . . . . ... ... ... 49
4E-5. Lollipop Lake temperature-D.O. profile . . . . . ... ... ... .. 52
4E-6. Lollipop Lake secchi depth and chlorophyll-a; 2001-2004 . . . . . . . 52
4E-7. Parkfield Lake temperature-D.O. profile . . . . . .. ... ... ... 53
List of Plates

A. City and County of Denver Lakes . . . .. ... ... ........ 72

B. Berkeley Lake sampling locations and other highlights . . . . . . . . 73

C. Rocky Mountain Lake sampling locations and other highlights . . . . 74

D. Sloans Lake sampling locations and other highlights . . . . . . . .. 75

E. Grasmere Lake sampling locations and other highlights. . . . . . . . 76

F. Smith Lake sampling locations and other highlights . . . . . . . . .. 77

G. Ferril Lake sampling locations and other highlights . . . . . .. . .. 78

H. Duck Lake sampling locations and other highlights . . . . . .. . .. 79

I. Harvey Lake sampling locations and other highlights . . . . . . . .. 80

J. Garfield Lake sampling locations and other highlights. . . . . . . .. 81

K. Huston Lake sampling locations and other highlights . . . . . . . .. 82

L. Overland Pond sampling locations and other highlights . . . . . . . . 83

M. AquaGolf Lake sampling locations and other highlights . . . . . . . . 84
N. Barnum Lake sampling locations and other highlights. . . . . . . .. 85

O. Vanderbilt Lake sampling locations and other highlights . . . . . . . 86

P. Lollipop Lake sampling locations and other highlights. . . . . . . .. 87

Q. Parkfield Lake sampling locations and other highlights . . . . . . . . 88

viii



2004 Lake Report
City & County of Denver
Department of Environmental Health

List of Acronyms & Abbreviations

AD - Agricultural Ditch

BMP - best management practice

CCOD - City and County of Denver

CD - City Ditch

CDPHE - Colorado Department of Public Health and Environment
DEH - Denver Department of Environmental Health

DEQ - Division of Environmental Quality (within the DEH)
DI - de-ionized water

DPR - Denver Department of Parks and Recreation

DPW — Denver Department of Public Works

DWD - Denver Water Department

DWMD -Denver Wastewater Management Division (within the DPW)
DOC - dissolved organic carbon

DO - dissolved oxygen

E. coli — Escherechia coli

OP - orthophosphate

PAH — polycyclic aromatic hydrocarbon

PEC - probable effect concentration

RMD - Rocky Mountain Ditch

SP - South Platte River

STL — Severn Trent Laboratory, Inc.

TDP - temperature/dissolved oxygen profile

TDS - total dissolved solids

TIN — total inorganic nitrogen

TKN - total kjeldahl nitrogen

Total-P — total phosphorus

TP — total phosphorus

TREX — Transportation Expansion Project on Interstate-25
TSI — Carlson’s trophic status index

TSS - total suspended solids

UDFCD - Urban Drainage and Flood Control District
USEPA - United States Environmental Protection Agency
VOC - volatile organic compound



2004 Lake Report
City & County of Denver
Department of Environmental Health

l. Introduction

The Denver Department of Environmental Health’s (DEH) Division of Environmental Quality
(DEQ) began sampling lakes annually in 1996. This sampling has evolved into an on-going
Lakes Assessment Program which serves to ensure the well being of the environment and the
citizens within the City and County of Denver (CCOD). Results from the sampling are
compared with state water quality standards presented in the Colorado Department of Public
Health and the Environment’s (CDPHE) Regulations 31 (CDPHE 2005a) and 38 (CDPHE
2005b). Specific standards established for designated uses were developed to protect humans
for recreational uses and to protect aquatic life. A summary of these standards are provided in
Appendix A. The CDPHE standards were developed as directed by Section 25-8-102(2) of the
Water Quality Control Act and are consistent with the Federal Clean Water Act.

Within this annual report, a summary of 2004 monitoring results is provided in a table format
which includes a summary of physicochemical analyses, observations regarding phytoplankton,
algae, vegetation, wildlife, and an assessment of how the findings compare with state water
quality standards and federal sediment criteria guidance. This report will provide management
recommendations on both a city-wide and a lake-specific basis.

Within the CCOD Lakes, CDPHE water quality standards have been established to protect for
the following uses: recreation (1a), aquatic life (warm 1 and warm 2), and agricultural
(CDPHE 2005b). If water quality standards are met, conditions in the lakes are assumed to be
protective of these uses. A goal of the Lake Assessment Program is to help the CCOD
maintain water quality standards within the established CDPHE guidelines. If standards are not
met, the DEQ will take action with the appropriate agencies to determine the risk posed by the
exceedance, the source of the problem, and help to remedy the situation.

Current recreational uses within the CCOD Lakes for which the water quality standards are
applicable include fishing in most of the fifteen regularly sampled lakes and boating at Sloans
Lake. All aquatic life including fish, macroinvertebrates, and zooplankton benefit from
protection afforded by the standards. For metro-area applications, the agricultural standards are
protective primarily for irrigation purposes.

In addition to assessing water quality regarding CDPHE standards, results from the monitoring
program establish background conditions and provide valuable information for CCOD agencies
responsible for the management of the Lakes. Primary beneficiaries of this information include
the DEH and the Department of Parks and Recreation (DPR) during planning for renovations
and contaminant cleanup issues (i.e., Vanderbilt Lake).

The results also prove useful to the CDPHE in their triennial 303(d) review. The 303(d) review
highlights stream and lake segments that are not in compliance with the standards, and requires
appropriate stewards to take action towards remediation of the problem. The CDPHE,
Colorado Division of Wildlife, and the US Environmental Protection Agency have utilized the
lake monitoring results regarding arsenic and fish consumption issues at Berkeley Lake. The
DEQ’s Lake Assessment Program also provides the Denver Water Department (DWD) with
additional information with which to assess the dynamics between the City Ditch water supply
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and water quality in the Washington and City Park Lakes. Lastly, management decisions
guided by results from the Lake Assessment Program can play an important role in the Mayor’s
goal of making Denver a better place to live.

I.LA. How to Use This Report

A list of commonly used acronyms and abbreviations is provided prior to the introduction,
while a glossary in the back will assist with definitions of technical terms.

Field and laboratory procedures are discussed in Section Il. More detailed information is
available upon request from the DEQ. Section Il addresses data management, while quality
assurance/quality check (QA/QC) issues are addressed in both Sections 11 and 111 for the
respective subject matters.

Section 1V presents the 2004 results in a table format with discussion concerning the primary
findings, issues, and recommendations for each lake. There is particular focus on the findings
in relation to the state water quality standards and federal sediment quality guidelines.
Recommendations that apply generally to all Denver Lakes are provided in the Section IV
introduction.

Tables that are designated with a single letter (i.e., Table A3) and Plates (aerial figures of maps
and sampling locations) are situated after Section IV. Figures and tables designated by a
section or a subsection followed by a number (i.e., Table 3-1, Table 4B-2) are embedded within
the immediate text to which they apply.

I1. Field and Laboratory Methods

Sixteen lakes were sampled at least once in 2004, the dates of which are listed in Table 2-1.
Sloans Lake was sampled at two to four week intervals to assess bacteria concentrations due to
its relatively high recreational use.

I1.A. Field Sampling Methods

The routine 2004 mid-summer assessment of water quality and sediment occurred in each lake
between June 24 and July 27. Sample sites were selected to provide representation of the
surface-receiving and surface-discharging regions, and the middle and/or deepest location of
the lake.

Field parameters measured at each sample site included: pH, temperature, dissolved oxygen
(DO), conductivity, and secchi depth. The pH was measured with an Orion model 230A meter
while DO and temperature were measured with a Y.S.l. model 55 meter. Conductivity was
measured with an Orion model 130 meter. Measurements were made at approximately two feet
(0.65m) below the water surface.

Samples for nutrients (ammonia, nitrite, nitrate, total kjeldahl nitrogen, and total phosphorus)
and dissolved organic carbon (DOC) analyses were also collected at each site. These samples
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Table 2-1. Denver Lake sampling dates in 2004.

Lake Sample dates Notes Lake Sample dates Notes
Rocky Mountain Ditch City Ditch
Berkeley July 14 | annual mid-summer event || Grasmere | July 6 annual mid-summer event
Rocky Mt. | July 14 | annual mid-summer event || Smith July 6 annual mid-summer event
Sloans May 11 | bacteria assessment Ferril July 8 annual mid-summer event
“ May 25 | bacteria assessment Duck July 8 annual mid-summer event
“ June 10 | bacteria assessment
“ June 15 | bacteria assessment Agricultural Ditch
“ June 30 | bacteria assessment Harvey July 19 annual mid-summer event
“ July 13 | annual mid-summer event || Garfield July 19 annual mid-summer event
“ July 28 | bacteria assessment Huston July 22 annual mid-summer event
! Aug 31 | bacteria assessment
Miscellaneous Sources
South Platte River Barnum June 29 annual mid-summer event
AgquaGolf | July 27 | annual mid-summer event Vanderbilt July 15 annual mid-summer event
Overland July 27 | annual mid-summer event || Lollipop June 24 annual mid-summer event
Parkfield | July 22 annual mid-summer event

were collected from approximately two feet below the water surface using a horizontal
collecting beta bottle (Wildco Instruments). Additional information collected from the middle
and/or deepest spot of the lakes included a complete temperature/DO profile (TDP), bacteria
sample (fecal coliform and E. coli), chlorophyll-a, and aqueous metal concentrations. The
latter were collected from two feet below the water surface with the beta bottle, while the
bacteria samples were collected by hand with a whirl-pak from the surface. Surface sediment
metal and nutrient levels were also assessed at the middle location of the lake. These samples
were collected with a stainless steel 6in® Eckman dredge (Wildco Instruments).

The TDP entails measuring these two parameters at one foot intervals from the water surface to
the bottom of the lake. When the TDP indicated stratification or a relatively substantial
amount of anaerobic habitat (i.e., more than just the bottom 25% of the water column),
additional nutrient and metals samples were often collected from the middle of the hypolimnion
to assess nutrient and/or metal concentrations in the anaerobic zone.

One composite water sample was collected from the middle site within each lake for
chlorophyll-a analyses. Each composite consisted of a total of three liters collected equally
from the secchi depth, half the secchi depth, and two times the secchi depth. Because
chlorophyll-a is light and temperature sensitive, each sample was stored in a four-liter poly
container that had been wrapped with duct tape and stored in a cooler on ice.
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11.B. Laboratory Processing

Samples collected in the field were stored in coolers on blue ice and/or cubed ice prior to
delivery to the laboratories for analyses. The Denver Wastewater Management Division’s
(DWMD) Water Quality Laboratory performed analyses on basic water parameters including:
alkalinity, hardness, total and dissolved organic carbon, bacteria (E. coli and fecal coliform),
nutrients (ammonia, nitrite, nitrate, total kjeldahl nitrogen, and total phosphorus), chloride,
sulfide, and total dissolved and suspended solids. Severn Trent Laboratories, Inc (STL)
performed analyses on water column metals (dissolved and total), cations, and anions, and
sediment metals and nutrients.

DEQ personnel processed the chlorophyll-a samples in the DWMD Laboratory within 1-3
hours of collection. The samples were filtered in a darkened room and then stored in the DEQ
laboratory for freezer storage until enough samples were compiled for analyses at the DWD’s
Marston Laboratory. Further details can be obtained by contacting the DEQ.

11.C. Field Sampling and Laboratory QA/QC
11.C.1. Field QA/QC

Field and laboratory QA/QC included daily calibration of water quality meters and a seasonal
test of the field collection equipment. Daily calibration of the meters was performed in the
DEQ Laboratory for each meter, the results for which are recorded in a bound folder and kept
on file in the DEQ Laboratory.

The QA/QC of the sampling equipment is performed annually. The beta bottle (water sampler)
was rinsed with de-ionized (DI) water two times to simulate rinsing with lake water in the field.
Both the outside and inside of the sampler were rinsed. The beta bottle was then filled with DI

water, using the same techniques as in the field, and then poured into the sample containers.

To perform QA/QC on the Eckman dredge, approximately 3Kg (2-3 liters) of EPA certified
sterile sand (Ottawa Sand Standard, 20-30 mesh, CAS14808-60-7) were poured into an acid
washed plastic pan (approximately four inches deep). The sand was then saturated with DI
water and filled to approximately three inches above the sand surface. The dredge was then set
on the saturated sand surface and triggered as it is in the field. The sample was then processed
identically as is done in the field, and placed in sample jars. Both the water and sediment
samples were then placed in a cooler, on ice and transported to the respective laboratories for
analyses.

11.C.2. Laboratory QA/QC

Laboratory QA/QC can entail the collection of duplicates, replicates, and sample container
blanks. The DEQ refers to duplicates as samples collected from the same location, at the same
time, which are collected in two bottles and delivered to two different laboratories for analyses.
Replicates are the same except that the samples are labeled as two different locations, and are
delivered to the same laboratory. The replicates test an individual laboratory’s precision,
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where as the duplicates test precision between laboratories. Blanks, which are DI water poured
directly into the sample bottles, test for contamination in the sample containers and/or the DI
water, as well as the accuracy of the laboratory analyses.

I11. Data Management & Analyses

I11.A. Data Processing

Water and sediment data were entered into a Microsoft Access® database for storage and
analyses. The DWMD data was entered manually, while the STL data was electronically
transferred via disc. Basic descriptive statistics were calculated with Microsoft’s Excel®
software, while boxplots and more involved statistics were developed with Statistica software
(StatSoft 2002). Results were assessed among all Denver Lakes and with the state’s water
quality standards as presented in Regulations 31 (CDPHE 2005a) and 38 (CDPHE 2005b) and
the federal sediment criteria guidance for metals (USEPA 2001 and 2002).

The eutrophic status of the lakes was determined using the Carlson trophic status index (TSI;
Carlson 1977). Three separate TSI values were calculated using chlorophyll-a, secchi depth,
and total phosphorous. Because it is the most direct measure of algal activity, the chlorophyll-
a value is given more credence regarding eutrophic status than are secchi depth and total
phosphorous. The latter two values typically serve as surrogates and or supporting information
for the chlorophyll-a index. Chlorophyll-a values were only available for six of the lakes in
2004 due to a technical error.

111.B. Data QA/QC

All database information was cross-referenced by DEQ personnel with the hard copies received
from the laboratories. Anomalies were assessed and corrected. If reported results appear
inconsistent relative to those from previous years, the laboratory was requested to perform
repeat analyses of the sample for verification. If this re-analyses verified the results, the
constituent was resampled for further verification of field conditions.
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V. 2004 Sampling Results, Issues, and Recommendations

This year’s report will provide a succinct presentation of the 2004 results with some discussion
of noteworthy issues such as constituents that exceed state water quality standards (CDPHE
2005a and 2005b) and federal sediment toxicity guidance (USEPA 2001 and 2002). A
summary of the lakes primary issues and management recommendations are also provided for
each lake sampled in 2004.

The 2004 data is summarized in table format in Tables Al through A13. Table 4-2 provides a
complete summary of all lakes for most measured parameters. Tables A7, A8, and A9 present
data for lake inflows and Table A10 presents data for hypolimnion samples.

For comparisons with all sampled lakes within the CCOD, the 85" and 15" percentile values
based on 2004 sampling were used to identify unique characteristics. These values were
considered to be beyond what was typically measured in the urban lakes in 2004. This cutoff
was selected merely as a measuring stick to highlight distinguishing characteristics among the

Table 4-1. Summary of the Denver Lakes water quantity dynamics.

Urban
Subsidy Source / Lake  Runoff Irrigation? Primary Water Source Origin
Rocky Mountain Ditch Clear Creek in Golden
Berkeley Mod no
Rocky Mountain Mod no
Sloans S no
City Ditch¥ Denver Water de-chlorinated tap water
Grasmere Min no
Smith Min yes
Ferril Mod yes
Duck Pond Min no
Agricultural Ditch Clear Creek in Golden
Harvey Min no
Garfield Mod no
Huston Mod no
South Platte River South Platte River @ Florida Ave., Denver
Overland Pond Min® no
AquaGolf Min yes
Miscellaneous
Barnum S no Weir Gulch — urban runoff
Vanderbilt Mod no Possibly groundwater
Lollipop Min yes Groundwater from north side of Garland Park
Parkfield S no Storm detention

1/ Subjective estimate on the amount of storm runoff directly entering the lake: S = substantial, Mod = moderate, Min =
minimal; this information will be updated as more information becomes available.

2/ Was the lake water used for irrigation in 2004

3/ The source for City Ditch in 2002 was switched from South Platte River near Chatfield Reservoir due to the 1-25
expansion project. It will be switched to Denver Water re-use water in 2004.

4/ Receives urban runoff indirectly via discharges into the South Platte upstream of the diversion for Overland Pond




2004 Lake Report
City & County of Denver
Department of Environmental Health

Table 4-2. Summary of findings for all Denver Lakes sampled in 2004.

- - - - Nutrients - - - - - - - - - - - - - - -Metals - - - - - - - - --
. Aqueous Sediment
o T £ £
2 2. le =5 2
g é £ g 5 . o 2 & ﬂé-; § £ 3 = §
s £ 2 8 B|E Y E 8Lz 38 gls 8 Qv v 8 §
Ditch Source / Lake & 2 g 8§ 3 & E S22 E¥ER SIS 8 g P ye Dissolved® " Total? Total
Rocky Mountain Ditch
Berkeley As" As Pb: Cu, Zn; As, Hg
Rocky Mountain Cu, Pb, Zn; As, Cd, Hg, Mo
Sloans Zn Fe; Al, Cr, Pb Pb
City Ditch
Grasmere Cd, Ni, Zn
Smith Mo Cu, Mo, Zn Pb
Ferril Al, Cd, Cu, Fe, Mo, Pb, Zn |Pb, Zn Pb, Zn; Cr
Duck Al, Fe, Mn, Pb Al, Fe, Mo, Pb, Zn JAl, Mo
Agricultural Ditch
Harvey As Cu, Mn Mn
Garfield Al, Fe, Mn
Huston. As": Mn, Pb Pb; Cu, Zn; Al, As, Cd, Fe, Hg, Ni
South Platte
Overland Se Se Se
AquaGolf Cu, Fe Cu
Miscellaneous
Barnum -Se Al, Fe
Lollipop Mn, Se Mn, Se Se
Vanderbilt Cd, Mo Mn, Mo Pb, Zn; Cd, Cu, Mn; Ag, Cr, Fe, Mo, Ni
Parkiield [ ] nm| nm

al <15™ percentile, >85" percentile for DO and Secchi; I:l >85™ percentile, <15™ percentile for DO and Secchi;
exceeds standard; Dexceeds criteria, inadequate sample to determine status regarding standards; |:| within the 15th to 85th percentile range of all Denver Lakes in 2004 and does not exceet
the standard
b/ UIA is Un-ionized ammonia
c/ TIN is Total Inorganic Nitrogen which is the sum of ammonia, nitrite, and nitrate
d/ DOC is dissolved organic carbon
e/ listed = >85™ percentile among Denver Lakes in 2004; bold = exceeds standard; red bold = exceeds standard/guidance by 100%
f/ see Appx _ for list of elements by symbol
g/ Iron (Fe) is based on total recoverable analyses
h/ based on Fish Consumption Standard
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lakes, and does not necessarily have significance regarding water and sediment quality
standards and/or guidance. However, the 85™ and 15™ percentiles do have significance for a
long-term assessment of the parameters regarding the state water quality standards. It is the
85" percentile value (and 15" for pH and dissolved oxygen) within a given data set that is used
for comparison to the state water quality standards (CDPHE 2005a).

The lakes are grouped and discussed based upon their respective primary water source. These
water sources include: Rocky Mountain Ditch, Agricultural Ditch, City Ditch, South Platte, and
miscellaneous sources. Table 4-1 lists the lakes according to their respective water source and
Plate A provides orientation on lake and ditch locations. Table 4-2 presents a summary of
findings for all lakes in 2004.

Recommendations — General

While there are lake-specific recommendations provided at the end of each lake segment,
several approaches can be applied to virtually all the lakes. These general recommendations
are not mentioned within each lake segment, but are considered valuable management
strategies towards improving the water quality of most of Denver’s Lakes.

Natural Areas Designation and management of the lake perimeters and islands as
natural areas will enhance the aquatic, riparian, and surrounding upland habitats of the lake
environment. Transforming the lake perimeters to native or low maintenance and drought
tolerant vegetation will greatly decrease the opportunities to inadvertently impact the lakes
with fertilizers and herbicides. Additionally, because Canada geese prefer the low growing
well maintained turf grass, enhancement of a horizontally and taxonomically diverse riparian
landscape will potentially decrease attractiveness of the lake environs for the geese. Promotion
of native vegetation on the islands will also provide a diverse habitat, and again, decrease the
need for herbicides and potential negative side effects. An example of the potential value of
these habitats is exhibited by the successful nesting and brooding by shorebirds at Garfield
Lake noted in the summer of 2003.

Aeration/Water Column Mixing ~ Most of the Denver Lakes have poor water movement and
exchange within the water column. Aeration and water column mixing agents (i.e., Solarbees)
are options to help break up static conditions and help ameliorate poor water quality associated
with them. Aeration may be a good approach for lakes with generally good water quality but
which routinely experience poor dissolved oxygen conditions, particularly in the fall and
spring. Water column mixing can provide benefits by preventing an extensive anoxic zone
from developing in the bottom portion of the lake which in turn can speed decomposition of
organic material.

Wetlands Many of the lakes have existing emergent vegetation and wetland habitats
surrounding the inlet areas. Enhancement of these conditions combined with infrastructure
modifications to increase water residence time in these wetlands could help decrease some of
the nutrient loading in the lakes. Sub-surface wetlands are also an option that should be
considered. Wetlands would be of particular value in the City Ditch Lakes which are receiving
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re-use water that has elevated nitrate concentrations. While these wetlands likely will not be
able to handle five year flows, clever engineering can provide options to help maintain the
fragile habitats for the long term. This option should be considered with each lake renovation
project that comes on line.

Other Best Management Practices (BMPs) While urban runoff is typically loaded with
undesirable contaminants, the limitation of water quantity for the Denver Lakes makes it an
important asset. Wetlands are one option to ameliorate incoming sediment, nutrient, and
contaminant loading. Additional BMPs such as online structural approaches (i.e., sand filters)
are available and should be considered.

Street Sweeping Runoff from streets typically contains high amounts of sediments and
associated contaminants, often metals and petroleum based products. Street sweeping is an
available technology the City can use to help decrease this negative impact on lakes and
streams. If the CCOD were to make lake and stream watersheds a priority in their planning
process, they could help decrease some of the negative components in road runoff.

Canada Goose Control The presence of excess amounts of Canada geese in the City’s
parks has negative impacts on the lake water quality, riparian vegetation, and also on the
surrounding parkscape (excessive droppings). Enhancement of Natural Areas was discussed
above as one management alternative. Discouraging the public from feeding the geese and
waterfowl could also help make these areas less attractive to geese.

Please refer to the following individual lake segments for additional recommendations on a
lake-specific basis.

IV.A. Rocky Mountain Ditch

This section summarizes 2004 monitoring results for Berkeley, Rocky Mountain, and Sloans
Lakes, all of which depend on the Rocky Mountain Ditch (RMD) as a primary water source
during the summer months (Plate A). Because of its greater volume and focused recreational
use, Sloans Lake is the primary recipient of the CCOD’s limited water rights on this ditch.

With the exception of elevated sediment-lead concentrations, the three RMD lakes had little in
common regarding 2004 water and sediment quality conditions. In addition, Berkeley and
Rocky Mountain Lakes both had elevated alkalinity and DOC concentrations in the water
column combined with elevated copper and zinc-sediment concentrations.
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IV.A.1. Berkeley Lake

Location: Berkeley Park, 46" Ave & Sheridan Blvd.

Area: 35.9ac; Perimeter: 4,815ft; Maximum Depth: 10ft

Irrigation: Historically used for park irrigation, not used in 2004
Miscellaneous: Stocked fishery; established lilies and emergent vegetation

The traditional three monitoring locations were sampled in Berkeley Lake on the morning of
July 14, 2004 (Plate B). The inlet was not flowing at the time of sampling and no additional
hypolimnion samples were collected. Wildlife observations included cormorants, black
crowned night herons, mallards, pie-billed grebes, and a western grebe. The blue-green slime
noted along the south by southeast shore within the emergent vegetation in 2003 was not seen

Table 4A-1. Summary of findings from the July 14, 2004 sampling of Berkeley Lake

Constituent Observations/Results
Hydraulics Lake one half foot below bankfull; no incoming water
Minimal amounts of decomposing algae noted on surface scattered throughout the
Algae . .
lake; chlorophyll-a not measured due to technical error
Vegetation Minimal amounts of Potamogeton spp. noted along shoreline
Water Clarity Greenish hue; secchi depth above median Denver Lake value®
General Highest specific conductivity, alkalinity, DOC, and TDS among all monitored

physicochemistry | Denver Lakes®

Nutrients Typical of other Denver Lakes"

Eutrophic to Hypereutrophic

Fon2l
TSI Rating Secchi: Eutrophic; Total-P: Hypereutrophic; Chlor-a: not analyzed”

Mixed throughout the water column; D.O >5mg/L to bottom 1-2 feet of water
Temp-D.O. Profile| column; Conditions not preferable to trout at any depths at the time of sampling
(Fig 4A-1)

Both E. coli and fecal coliform counts relatively high compared to measures in

Bacteria other Denver Lakes, but are not technically in exceedance of standards?

Metals-Water Highest arsenic concentrations measured in the Denver Lakes®

Metals-Sediment | Arsenic, copper, and mercury relatively high compared to other Denver Lakes

CDPHE WQ Arsenic exceeds the fish ingestion standard

Standards

EPA Sediment Copper, lead, and zinc above guidance levels for aquatic life
Guidance

1/ All references to the Denver Lake values (means, median, 15" and 85" percentiles) are relative to results for all 16 lakes
sampled in 2004; normal range is considered to be values between the 15" and 85™ percentiles.

2/ While the 2004 E. coli concentration is beyond the CDPHE water quality criteria, an exceedance can not be based on results
from one sample event. The five year geometric mean (2000-2004 with n=6) of 26 colonies/100ml is well below the
CDPHE water quality standard of 126 colonies/100ml.

3/ Chlorophyll-a not measured due to technical error

10



2004 Lake Report
City & County of Denver
Department of Environmental Health

or reported in 2004. This material, which persisted for three to six weeks (in 2003) and then
dissipated, was not identified. A summary of the water and sediment sampling is provided in
Table 4A-1 and 4-2.

Berkeley Lake Issues & Recommendations

Issues: The most notable publlc_health issue at Temp (°C): D.O.(mg/L-O;)
Berkgley Lake continues to be the 'relatl'vely ele_vated 0 5 10 15 20 25
arsenic concentrations. Efforts to identify possible sources L

of arsenic, including the sampling of Lake Rhoda at surface

Lakeside and a review of historical land use in the Berkeley L

Park area did not provide any further information on a
source. Future efforts will assess lake sediment core 2

samples to estimate the relationship between arsenic FE
concentrations over time. Additional possible actions < 3

include an assessment of the surrounding soil and TR

groundwater characteristics, as well as a more in-depth e 4 |

historical land use review. 5

Preliminary results based on a Fall 2002 fish tissue 6

sampling by the DEQ and a more intensive CDPHE ]

summer 2004 sample event indicate that there is not a threat ! #D'O' [%temp
to the public regarding fish consumption (Lucia Machado

personal communication). As of this writing, findings from Fig 4A-1. Berkeley Lake
the 2004 CDPHE analyses have not been published. On- ;325?:“”9"3-0- profile from

going fish consumption-risks will be assessed by the DEQ
in coordination with the CDPHE. It is recommended that
the CCOD in cooperation with state and federal agencies undertake a metro area survey of
those fishing in the urban lakes.

A fish die-off in September 2004 highlights the precarious conditions faced by trout in late
summer and early fall in the urban lakes. Greater than three dozen trout (larger than 12 inches)
were found dead in the lake. No apparent affects were observed for other fish species. As
temperatures drop at night in the late summer, algae and vegetation die-back and fall to the
bottom of the lake. As bacteria decompose the organic matter they utilize the limited DO that
is available near the lake bottom. The DO concentrations can subsequently drop to lethal levels
as appears to be the case with this trout die-off. If the presence of trout in the lake continues to
be a management objective, it is recommended that aeration devices be placed in strategic
locations to provide refuge during physically stressful times. The most logical locations would
be in the deepest portion of Berkeley (mid-north region) and within the east and west regions of
the lake.

Recommendations: In addition to general recommendations for all urban lakes (Section IV
introduction), a summary of DEH recommendations for Berkeley Lake include:

e assess surrounding soils, groundwater, and historical land use in the Berkeley vicinity;

11
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e conduct a survey of fishing persons fish-consumption habits;

e provide aeration in two to three regions of the lake to provide refuge to aquatic life
during high temperature, low DO periods.

IV.A.2. Rocky Mountain Lake

Location: Rocky Mountain Park, 44™ Ave & Lowell Blvd
Area: 23.6ac; Perimeter: 4,825ft; Max Depth: ~33ft
Irrigation: Not utilized for irrigation

The three traditional inlake Rocky Mountain Lake monitoring sites were sampled July 14, 2004
(Plate C). The hypolimnion at RMT-I was also sampled from a depth of 20 feet for analyses of
basic constituents and metals. Noteworthy and summary findings are provided in Table 4A-2
and 4-2. Wildlife observations included: many coots and young, possible pie-billed grebe
sightings, cormorants, and Canada geese.

Table 4A-2. Summary of findings from the July 14, 2004 sampling of Rocky Mountain Lake

Constituent

Observations/Results

Hydraulics Near bankfull; estimates of inflow and outflow volume unavailable
Algae minimal matted algae on mid-lake surface, moderately thick growth along shore
Vegetation emergent vegetation, much of it Myriophilum sp., thick mid-lake, noted at greater

than ten foot depths with growth to approximately six feet from the lake bottom

Water Clarity

water very clear, deepest secchi depths recorded in the DEH lake monitoring
program to date (mean value from the 3 sites of 13°8”)

General
physicochemistry

lowest recorded water hardness value among all lakes” coupled with a relatively
elevated alkalinity; TSS concentration lowest measured among all lakes

Generally as low in nitrogen and phosphorus content as any of the Denver

Nutrients Lakes":; DOC levels relatively high compared with the other lakes; nutrients were
considerably elevated in the hypolimnion (expected under anoxic conditions)
TSI Ratingz’ Mesotrophic to Eutrophic

Secchi: mesotrophic; Total-P: eutrophic; Chlor-a: not analyzed®

Temp-D.O. Profile

Anaerobic conditions on the east and west bays of the lake below twelve feet;
steadily decreasing temperatures below ten feet (Fig 4A-2); mid-section of the
lake was well mixed with adequate oxygen to bottom of the water column; highest
DO recorded at a depth of nine feet (metalimnetic oxygen maxima®); narrow band
of depth in which conditions were near a preferable combination for trout (DO>5
mg/L and temp<22°C)

Bacteria

Bacteria concentrations at or below laboratory detection capabilities

Metals-Water

All measured total and dissolved metal parameters below the 85™ percentile
among the Denver Lakes

Metals-Sediment

Six metals measured above 85" percentile for all Denver Lakes (arsenic,

12
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Table 4A-2. Summary of findings from the July 14, 2004 sampling of Rocky Mountain Lake

Constituent Observations/Results

cadmium, mercury, molybdenum, lead, and zinc)

CDPHE WQ .

Standards No exceedances of water quality standards

EPA Sediment copper, lead, and zinc concentrations exceeded guidance
Guidance

1/ All references to the Denver Lake values (means, median, 15" and 85" percentiles) are relative to results for all 16 lakes
sampled in 2004.

2/ While the 2004 E. coli concentration is beyond the CDPHE water quality criteria, an exceedance can not be based on results
from one sample event. The five year geometric mean (2000-2004 with n=6) of 26 colonies/100ml is well below the
CDPHE water quality standard of 126 colonies/100ml.

3/ Chlorophyll-a not measured due to technical error

4/ The maximum dissolved oxygen concentration occurs within the metalimnion (not near the surface) due to a combination of
factors (i.e., good water clarity, heavy submerged vegetative activity, and higher availability of nutrients near anoxic region
of the lake).

Rocky Mountain Lake Hypolimnion

As expected, the hypolimnion had considerably higher nutrient concentrations than what was
measured in the epilimnion (Fig 4A-3). Manganese concentrations were also significantly
higher in the hypolimnion (Table A10), also an expected outcome under under anoxic
conditions.

Rocky Mountain Lake Issues and Recommendations

The highly productive vegetative community and (likely associated) chronically elevated pH of
Rocky Mountain Lake appeared to have both been slightly subdued relative to previous years
when vegetative growth had been noted at the water surface at mid-lake. While vegetation was
dense, it was observed growing only to mid depths (~six feet) at the time of sampling in 2004.
The pH values were also below the 85™ percentile for all Denver Lakes as well as the state
water quality standard of 9.0 which was exceeded in Rocky Mountain Lake during the mid-
summer sample events of 2001 and 2003.

The DEQ would suggest that management consider use of multiple actions in controlling the
vegetation, but that complete eradication would only enhance algal growth. A balance of
vegetative and planktonic communities will in turn help support a more and balanced overall
aquatic community. Aeration or mixing in the deeper locations will also enhance aquatic life
refuge potential during stressful periods.

In summary, DEH recommendations for Rocky Mountain Lake in addition to those suggested
for all lakes include:

e integrated actions to decrease vegetative and algal productivity such as aeration of the
deep zones and very targeted chemical use (minimize impacts on non-target organisms);

13



2004 Lake Report
City & County of Denver
Department of Environmental Health

e as opportunities arise, increase discharge of urban runoff into the lake with adequate
water quality mitigation (wetlands and/or structural);

e provide aeration in two to three regions of the lake to enhance aquatic life habitat and
provide refuge during stressful periods.

Temp (°C); D.O.(mg/L-O,)
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12 Fig 4A-3. Nutrient concentrations in the
epilimnion (epi) and hypolimnion
Fig 4A-2. Rocky Mountain Lake (hypo) of Rocky Mountain Lake in t_he
temperature-D.O. profile from 7/14/04. ?I_a;tl\lbiyt' Z/ }AI'(/.Z(I)(?L;I N.';"‘ = am_lr_npogla,
The green hashed area indicates the ~ total Kjelaa T rogen, 1=
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conditions were within trout habitat
preferences (>5mg/L-O, and <22°C).

IV.A.3. Sloans Lake

Location: 17" Ave & Sheridan Blvd

Area: 177ac; Perimeter: 14,780ft; Max Depth: 9ft
Miscellaneous: island - Area: 1.65ac; Perimeter: 1,115ft

Sloans Lake was sampled at 2-4 week intervals from May 11" through August 31%. The more
frequent sampling assessed bacteria concentrations to assess public health issues pertaining to
the increased recreational activities in the lake.

The more intensive annual mid-summer sample event was performed on July 13" and included
monitoring of the five traditional in-lake sites (SLN-1 through 5) as well as the incoming water
west of Sheridan Blvd (SLN-6) (Plate D). This mid-summer sample event was performed in
the mid-late morning prior to water skiing activity but during a relatively breezey day that
likely increased suspended materials in the water column. Wildlife observations included

14
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western grebes, cormorants, numerous Canada geese, and a variety of waterfowl. A summary
of findings from the mid-lake sample event are provided in Table 4A-3 and 4-2.

Table 4A-3. Summary of findings from the July 13, 2004 sampling of Sloans Lake.

Constituent Observations/Results
Hvdraulics Approximately bankfull; primary inflow ~25gpm (Rocky Mountain Ditch and
y urban runoff in southwest corner of lake); outflow estimated at 75gpm
Algae Paint-like rich green planktonic algae (not filamentous) prevalent along shore-line
Vegetation No significant sightings of submerged vegetation

water cloudy, dirty-green hue indicative of phytoplankton and suspended

Water Clarity sediment; secchi depth second shallowest (10”) among all lakes in 2004"

General Lowest mean epilimnetic (upper water column) D.O. values (3.8mg/L-O,) among
physicochemistry | all lakes; relatively low secchi depth and pH; relatively high TSS

Nutrients Relatively elevated ammonia among Denver Lakes;

Eutrophic to Hypereutrophic

s w2l
TSI Rating Secchi: hypereutrophic; Total-P: hypereutrophic; Chlor-a: eutrophic

Although DO concentrations were generally below 5mg/L-O, throughout the lake,
there were no measurements below 2mg/L at any depths (Fig 4A-4; the
temperature DO combination was outside of preferable habitat conditions for trout
throughout the water column (DO<5mg/L and temp>22°C)

Temp-D.O. Profile

Bacteria concentrations at or near laboratory detection capabilities during the mid-
Bacteria summer sample events; see Figure 4A-5 and associated text for discussion of
weekly bacteria sampling results

Highest total recoverable iron and total lead among all Denver Lakes; relatively

Metals-Water elevated total aluminum and chromium; relatively high dissolved zinc

Metals-Sediment | All concentrations within range of all Denver Lakes”

CDPHE WQ D.O. below standards in 2004, but were generally acceptable during previous
Standards mid-summer sample events®; Total recoverable iron in exceedance®
EPA Sediment . .
. lead concentrations exceeded guidance
Guidance

1/ All references to the Denver Lake values (means, median, 15" and 85" percentiles) are relative to results for all 16 lakes
sampled in 2004.

2/ While the 2004 D.O. concentration is below the CDPHE water quality criteria, an exceedance can not be based on results
from one sample event. Results from the previous five years suggest D.O. concentrations are generally acceptable.

3/ Not in exceedance when consider a more representative number of samples (previous years results, 1996-2003)

4/ Previous years results reported total rather than total recoverable concentrations; Because the standard is based on total
recoverable values, more data will be needed to ascertain the status of Sloans Lake iron concentrations regarding this
standard.

Sloans Lake Inflows

The inflow was sampled at two to four week intervals from May 11 through August 31, 2004.
All physicochemical (Table A7) and metal parameters (Table A9) excepting specific
conductivity were within the range of values measured in other lake inflows throughout the
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2004 annual summer sampling effort. The specific conductivity varied widely throughout the
sampling period and was generally elevated beyond what was measured in other lakes.

The primary infl_ow receives a s_ignificz_;mt am_ou_nt of Temp (°C); D.O.(mg/L-O,)
urban runoff which may help differentiate this inflow 0 5 10 15 20 2
from the others. Further assessment of the incoming e
water for the various Rocky Mountain Ditch Lakes as surface
well as sampling upstream of the long term monitoring .
site (SLN-6) would help ascertain what is impacting this 1
source water. .
e 2
Sloans Lake Bacteria % iy
E. coli and fecal coliform were monitored at 2-4 week A ° _
intervals from May 11" through August 31%. E. coli 4
counts were below CDPHE standards on each sample |
event, while the Fecal coliform exceeded the value on 5

one sample occasion (Fig 4A-5). The geometric mean -
of the multiple monitoring events are adequate to 6
conclude that the bacteria concentrations were within
state standards for bacteria in 2004. Fig 4A-4. Sloans Lake temperature-
D.O. profile from 7/13/04.

Sloans Lake Issues and Recommendations

Because of the intense recreational use at Sloans Lake, bacteria levels have been the primary
concern of the DEQ regarding the lake water quality. The more intensive bacteria sampling in
2004 suggest conditions were acceptable for recreational purposes throughout the water skiing
season.

The relatively poor water clarity in the lake will continue to be a problem as long as motor boat
use and storm runoff conditions continue as they are. These factors combined with wind
action, will continue to re-suspend solids in the water column. Storm runoff water quality
mitigation with wetlands or structural approaches is one option with which to help mitigate
these problems.

There is a large residential area that drains to Sloans Lake. An emphasis on education for
nearby residents on how they can minimize negative impacts to the lake quality may help
enhance public ownership and stewardship of the entire basin. An increase in priority for the
basin for street sweeping can also help minimize negative storm runoff impacts on the lake.

Another perennial issue at Sloans is the high goose population which provides additional
nutrient loading in the water as well as the nuisance of droppings throughout the park.
Transformation of some of the surrounding shoreline from traditional turf grass to taller
growing native grasses or natural area could help discourage attractiveness of the lake and park
for the geese.
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In summary, some DEH recommendations for Sloans Lake include:
consider water quality mitigation opportunities for incoming storm runoff;

emphasis on public education and street cleaning in the Sloans Lake Basin; and

establish components of low maintenance Natural Areas around the lake perimeter to
decrease potential fertilizer impacts and discourage wildlife Canada goose presence.
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Fig 4A-5. Sloans Lake bacteria counts from May 11, 2004 through August 31,
2004. The blue and green dashed lines indicate the Fecal coliform and E. coli

standards (CDPHE 2002, Reg 38).
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IV.B. City Ditch

As of the spring of 2004, source water for the City Ditch was supplied by the Denver Water
Department’s Water Recycling Plant. The ditch had previously been sustained with un-
chlorinated tap water (2002-2003) and the South Platte River upstream of Chatfield Reservoir
prior to 2002. Changes in source water over the past several years are a result of the state
highway expansion project (TREX) that began in 2001 and the ensuing availability of recycled
water.

Within the CCOD, the City Ditch supplies water to the Washington Park Lakes, the Denver
Country Club, and the City Park Lakes (Plate A). The City Ditch enters Washington Park from
the south where it supplies water to Grasmere Lake and eventually to Smith Lake. Overflow
from Grasmere re-enters the Ditch which eventually contributes to Smith Lake. An overflow
from Smith Lake generally maintains Lily Pond, and does not re-enter City Ditch which
continues north from Washington Park.

From Washington Park, the main line for the City Ditch flows north to 17" Avenue where it
eventually discharges into a sedimentation pond (17" Avenue Pond) located in City Park at 17"
Avenue and Monroe Street. The 17™ Avenue Pond also receives storm runoff from the
surrounding basin. Water then flows through the pond into the southeast end of Ferril Lake,
which drains from the west end into Duck Lake. Water discharges from Duck Lake through
the zoo, and eventually to a storm drain which enters the South Platte River in northwest
Denver, downstream of 38" Ave (designated as “N-433-E” by the DEQ). Smith and Ferril
Lakes both provide irrigation water for their respective parks.

Because of the change in source-water, the composition of City Ditch water changed
dramatically from 2001 to 2002 and again from 2003 to 2004. The most noteable difference
since the switch in 2004 was a significant increase in nitrate concentration. The elevated
nitrates are a consequence of the finishing process for water treatment for re-use purposes.

Not surprisingly, the physicochemical characteristics consistent among these four lakes in 2004
included relatively high inorganic nitrogen concentrations, particularly nitrate. Ammonia was
relatively high in the City Park Lakes, and did exceed state water quality standards. As in
previous years, the influence of the high bird activity at Duck Lake differentiated its water
quality from the other City Ditch Lakes.

IV.B.1. Grasmere Lake

Location: South side of Washington Park near Louisiana Ave. and Downing St.

Area: 16.5ac; Perimeter: 4,350ft; Max Depth: 9ft

Miscellaneous: Planned 2003/04 renovation postponed; subsidized with recycled water as of
Spring 2004

The three long term monitoring sites and the inflow to Grasmere Lake were sampled on July 6,
2004 (Plate E). The water supply for the lake was withheld in 2003 for maintenance that
included application of a sealant to the sediment and shoreline improvements (Brita Herwig,
personal communication). While the lake was re-filled in the spring of 2004, the 2003 water
drawdown impacted water quality the following year. A summary of findings is provided in
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Tables 4B-1 and 4-2. Wildlife observations included Canada geese, mallards, and multiple
broods of mallard young.

Table 4B-1. Summary of findings from the July 6, 2004 sampling of Grasmere Lake

Constituent Observations/Results
Hydraulics Lake bankfull; incoming water estimated at 75gpm; outflow estimated at 35gpm
Aloae Minimal amounts of algae noted; phytoplankton productivity appeared to be low;
g chlorophyll-a was the lowest measured value among all Denver Lakes”

Vegetation No submerged vegetation noted

Clear to bottom; secchi depth deepest measured in Grasmere (1997-2004) and

Water Clarity well above Denver Lakes 85™ percentile®

General

. . Lowest pH and second deepest secchi depth among the Denver Lakes®
physicochemistry

Nutrients lowest total-P, relatively elevated inorganic nitrogen

Mesotrophic to Eutrophic

sl
TSI Rating Secchi: Mesotrophic; Total-P: Eutrophic; Chlor-a: Mesotrophic

Mixed throughout the water column; D.O >5mg/L throughout the water column
Temp-D.O. Profile| and temperature <22°C from three feet to bottom; Conditions acceptable for trout
from three feet to the bottom at the time of sampling (Fig 4B-1)

Bacteria Both E. coli and Fecal coliform counts at or below reporting limit

Metals-Water Dissolved cadmium, nickel, and zinc relatively high among Denver Lakes

Metals-Sediment | All metals within range or below 15" percentile of concentrations in other lakes”

CDPHE WQ ]
Standards No water quality standard exceedances
Ezﬁ\jasnecd‘; ment All sediment metal concentrations less than guidance levels for aquatic life

1/ All references to the Denver Lake values (means, median, 15™ and 85™ percentiles) are relative to results for all 16 lakes
sampled in 2004.
2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody

The City Ditch was sampled immediately upstream of the diversion to Grasmere Lake. The
most noteworthy aspect of this water was the extremely elevated nitrate concentration of 10.7
mg/L-N. The median value based on the six inflows sampled in 2004 was 1.4mg/L-N.

Grasmere Lake Issues and Recommendations

Issues noted in 2003 included elevated suspended solids and chlorophyll-a levels coupled with
a shallow secchi depth. The eventual re-filling of the lake in 2004 resulted in a dramatic shift
from the previous year’s findings. In 2004 the TSS and chlorophyll-a levels were relatively
low compared with other lakes and the secchi depth was the deepest recorded in Grasmere from
1996-2004. These conditions also resulted in a turnaround in the TSI rating which was
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hypereutrophic in 2003 and found to be mesotrophic
to eutrophic in 2004. These findings are not
surprising given that the lake had been refilled only a
few months prior to sampling. Barring future draw-
downs, it is expected that the lake will become
increasingly eutrophic over the next several years.
The high nitrates in the source water may impact
water quality as well.

Also of note in 2003 were relatively elevated
sediment metal concentrations for eight of the fifteen
measured parameters compared with previous years
in the lake. While the 2004 concentrations of most
of these metals were more typical of previous years’
findings, the aluminum, iron, and zinc
concentrations were still relatively elevated.

While the low water levels of 2003 complicate
determination of the impact of the new source water
(recycled) on physicochemistry in 2004, a
comparison to long term conditions suggest a
dramatic increase in inorganic nitrogen
concentrations (Fig 4B-2). This is most significant

2004 Lake Report
City & County of Denver
Department of Environmental Health

surface

Depth (ft)

Temp (°C); D.O.(mg/L-Oy)

1

o N O g b~ WDN

0O 5 10 15 20 25

o/

*

Fig 4B-1. Grasmere Lake

temperature-D.O. profile from 7/6/04.
The hashed area highlights a
combination of temperature and D.O.
that is within the range of acceptable

conditions for trout.

for nitrate because it is the most prevalent form of inorganic nitrogen in the generally well
oxygenated water column. This will be assessed in future sampling to determine potential

impacts and associated necessary management actions.

Management recommendations for Grasmere include establishment of natural areas and
consideration of expanding beneficial wetland habitat. There is currently little established
natural area around the lake perimeter. Replacing the high maintenance turf grass with native
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Fig 4B-2. Grasmere Lake total inorganic nitrogen (TIN) during mid-summer

sampling (June/July).
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or relatively chemical free
maintenance landscaping will
minimize likelihood that
fertilizers and/or herbicides
will be inadvertently added to
the lake.

It is also suggested that
management consider taking
advantage of the existing
morphology of the lake to
provide water quality
benefits, particularly to
address elevated nitrates
found in the source water.
The existing forebay in the
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inlet area of the lake on the southeast bay can provide some help in these regards, but it is
limited. A more expansive wetland could provide further uptake of nutrients in the forebay and
help ameliorate future productivity issues typical of the Denver Lakes, particularly those that
are subsidized with recycled water.

In summary, management recommendations for Grasmere Lake include:

e establish some natural areas around the perimeter of the lake;

e consider developing more of a functional wetland in the forebay to help with nutrient
uptake;

e increase urban runoff (with water quality mitigation) into the lake to help decrease
water residence time.

Following the 2004 sampling, a water column mixing apparatus (SolarBee unit) was installed
(June 2005). Because the lake was to be drained for maintenance in 2006, the unit was moved
to Ferril Lake. If deemed feasible, a unit will be re-installed in the lake and its effectiveness at
minimizing algal productivity and maintaining good aquatic life conditions will be assessed.

IV.B.2. Smith Lake

Location: North side of Washington Park near Exposition Ave. and Downing St.

Area: 17.9ac; Perimeter: 3,230ft; Max Depth: 11ft

Miscellaneous: Subsidizied with recycled water as of Spring 2004; irrigation supply for park

The three long term monitoring sites and the inflow to Smith Lake were sampled on July 6,
2004 (Plate F). Wildlife observations included six pelicans and five cormorants in and around
the lake. A summary of all findings is provided in Tables 4B-2 and Table 4-2.

Table 4B-2. Summary of findings from the July 6, 2004 sampling of Smith Lake

Constituent Observations/Results

Lake bankfull; incoming water volume unknown; no surface outflow at time of

Hydraulics sampling (irrigation pump not in operation)

Fibrous matted algae thick along shoreline; phytoplankton productivity appeared
Algae to be moderate to heavy throughout the lake; chlorophyll-a level was high
compared with previous years’

Vegetation No submerged vegetation noted
Water Clarity Moderately clear with a secchi depth typical of other Denver Lakes”
General

. . .. 1.
ohysicochemistry A pH > 9.0, highest D.O. and relatively low alkalinity among the Denver Lakes™ ;

Relatively high nitrate and low total-P; chlorophyll-a concentration significantly

Nutrients higher than measurements within the lake from previous years (1996, 2001-04)

Eutrophic

s 2
TSI Rating Secchi: Eutrophic; Total-P: Eutrophic; Chlor-a: Eutrophic
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Table 4B-2. Summary of findings from the July 6, 2004 sampling of Smith Lake

Constituent

Observations/Results

Generally mixed with D.O. supersaturated through most of the water column;
Temp-D.O. Profile| conditions acceptable for trout from four feet to the bottom at the time of
sampling (Fig 4B-3)

Bacteria Both E. coli and Fecal coliform counts at or below reporting limit

Metals-Water

Dissolved and total molybdenum and total copper and zinc relatively high among
Denver Lakes”

Metals-Sediment | All metals within range of concentrations measured in other Denver Lakes”

CDPHE WQ .

Standards No water quality standard exceedances

EP'.A‘ Sediment Lead concentration exceeded the guidance level for aquatic life
Guidance

1/ All references to the Denver Lake values (means, median, 15™ and 85™ percentiles) are relative to results for all 16 lakes

sampled in 2004.

2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody
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Fig 4B-3. Smith Lake temperature-D.O.
profile from 7/6/04. The hashed area
highlights a combination of temperature
and D.O. that is within the range of
acceptable conditions for trout.

The incoming water was also sampled near Downing Street
between the outlet from Grasmere Lake and the inlet to
Smith Lake. The distinction between the Grasmere and
Smith Lake source water is that overflow from Grasmere
Lake discharges back into the City Ditch, prior to its inflow
to Smith Lake. Subsequently, water quality of the source
water for these two lakes is similar. The Smith Lake inflow
had extremely elevated nitrate concentrations 10.8 mg/L-N as
well as the highest recorded TKN (organic nitrogen) among
the six sampled inflow waters (1.6 mg/L-N).

Smith Lake Issues and Recommendations

The most pressing issue in the City Ditch Lakes will be to
determine the impact of recycled water. Nitrate and nitrite
concentrations as well as organic nitrogen (TKN)
concentrations were elevated in Smith Lake in 2004 relative
to previous years (Fig 4B-4). Possibly associated with this,
the phytoplankton productivity as measured by chlorophyll-a
concentration was the highest recorded from 2001-2004 and

reversed a trend of decreasing values over the previous three years (Fig 4B-5). Likely
associated with phytoplankton activity, the trend of decreasing pH values over the past few
years was also reversed with a pH in exceedance of state standards in 2004.

Management recommendations for Smith Lake include establishment of some native low
maintenance vegetation around the perimeter. This will decrease likelihood that turf
maintenance activities will inadvertently impact the lake and can also decrease habitat
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preference for Canada geese. Additionally, the establishment of a forebay with an associated
wetland on the east end could help ameliorate nutrient loading attributable to recycled water.

The fish kill in Smith Lake in the late summer of 2002 highlights the need to take actions that
provide refuge to aquatic life during high stress periods. This could include establishment of
deep holes and aeration in a couple of locations. These actions should be considered upon
future occasions when the lake is drawn down for other maintenance activities.

In summary, management recommendations for Smith Lake include:

e establishment of some natural areas around the perimeter of the lake;

e consider development of a forebay and wetland on the east end of the lake;

e create aquatic life refuge with establishment of a few deep holes in the lake with
associated aeration.
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Fig 4B-4. Smith Lake total inorganic nitrogen (TIN)
during mid-summer sampling (June/July).

1V.B.3. Ferril Lake (City Park)

Location: City Park, near 17" Ave and Steele St.

Area: 23.5ac; Perimeter: 4,590ft; Max Depth: 9ft

Miscellaneous: Duck Island - Area: 0.2ac; Perimeter: 374ft; avian botulism; intensive bird
use; water was used for park irrigation (through 2003)

The three long term monitoring sites were sampled at Ferril Lake July 8", 2004 (Plate G). The
aeration system was operating in the fountain vicinity at the time of sampling. A summary of
findings is provided in Tables 4B-3 and 4-2. Canada geese, mallards, cormorants and black-
crowned night herons were plentiful. At least one western grebe and a snowy egret were also
observed. While no apparent botulism-infected birds were observed during the sampling event,
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what was thought to be a dead black crowned night heron was found near the outlet from the
lake and a dead cormorant at the inlet from the 17" Avenue Pond. The cause of death for either
bird was not evident upon collection.

Table 4B-3. Summary of findings from the July 8, 2004 sampling of Ferril Lake

Constituent

Observations/Results

Lake bankfull; no apparent inflow; estimated 150 gpm outflow to Duck lake in

Hydraulics addition to use of water for irrigation of park
Fibrous matted algae minimal along shoreline; phytoplankton very high
Algae productivity throughout the lake which was solid green; chlorophyll-a level was
the highest July value recorded from sampling events spanning 2001-2004
Vegetation No submerged vegetation noted

Water Clarity

Poor clarity with a secchi depth below the median value among all Denver Lakes”

General
physicochemistry

A pH > 9.0, the lowest alkalinity among the Denver Lakes"

Relatively elevated inorganic and organic nitrogen concentrations; excepting

Nutrients October sample events in 2002 and 2003, chlorophyll-a concentration was the
highest of summer measurements within the lake (1996, 2001-04)
TSI Rating? Eutrophic

Secchi: Eutrophic; Total-P: Eutrophic; Chlor-a: Eutrophic

Temp-D.O. Profile

Generally mixed throughout the water column; no locations within profile with
preferred combination of conditions for trout at the time of sampling (Fig 4B-6)

Bacteria

Both E. coli and Fecal coliform counts at low concentrations

Metals-Water

Six metal parameters with relatively elevated dissolved concentrations (Al, Cd,
Cu, Fe, Mo, Pb, and Zn) and two with relatively elevated total concentrations (Pb
and Zn) among Denver Lakes

Metals-Sediment

Relatively elevated chromium concentration, all other constituents within range of
concentrations measured in other Denver Lakes”

CDPHE WQ The mean pH value and ammonia exceeded the state standard
Standards
Ezﬁjsnecde:mem Lead and zinc concentration exceeded the guidance level for aquatic life

1/ All references to the Denver Lake values (means, median, 15" and 85" percentiles) are relative to results for all 16 lakes

sampled in 2004.

2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody

Ferril Lake Issues and Recommendations

Issues:

As with the Washington Park Lakes, the most pressing issue in Ferril Lake will

be the potential impact of recycled water on water quality and lake productivity. Early
indications are that these impacts include elevated nitrogen concentrations with subsequent
impacts on productivity and pH values.
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Inorganic (nitrite and nitrate) and organic nitrogen (TKN)
concentrations were elevated in Ferril Lake in 2004 relative
to previous years (Fig 4B-7). While ammonia (another
inorganic nitrogen component) was within the range of
previous years’ findings, the calculated un-ionized
ammonia, which is based on pH, exceeded the water
quality standard. The pH values were likely elevated due
to increased photosynthetic activity indicated by the highest
chlorophyll-a concentrations recorded in the lake during
mid-summer sampling from 2001-2004.

Three parameters, pH, ammonia, and mercury were
measured at values in exceedance of CDPHE water quality
standards. This was the first exceedance of the pH and
ammonia standards during summer sampling at Ferril Lake
from 1997-2003. As previously mentioned, it is possible
that the switch to recycled water indirectly impacted pH
values (increased photosynthetic activity) which also
influence the un-ionized ammonia concentration.
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Fig 4B-6. Ferril Lake temperature-
D.O. profile from 7/8/04.

The mercury concentration exceeded the standard in 2003 and 2004. The 2003 and 2004
reported values were both below the laboratory reporting limit but satisfied DEH screening
criteria for QA purposes. The mercury standard is difficult to assess given the analytical
procedure required to determine accurate concentrations at such low levels (the standard is
0.01ug/L-Total-Hg). Based on fish tissue analyses in other Denver Lakes, the sediment Hg
content suggests mercury is likely not at concentrations of concern for fish consumption
purposes in Ferril Lake. Future fish tissue analyses on large mouth bass from Ferril Lake will

provide important information on this issue.

While all 2003 mid-summer dissolved metal parameters in Ferril Lake were measured near or
below median values reported from all Denver Lakes, seven of them were relatively high (>85"
percentile) in 2004. None of these exceeded water quality standards, but they are suggestive of
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Fig 4B-7. Mid-summer (June/July) total inorganic nitrogen in
Ferril Lake.
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a potential trend that warrants close
scrutiny in future sampling.

The July 2003 sediment metal
concentrations in Ferril Lake were
surprisingly high relative to the
other lakes, as well as with
previous years’ results.
Concentrations measured from the
2004 sampling event were
considerably lower than those
recorded in 2003 and were typical
of findings from previous years.
The elevated values in 2003 were
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possibly a result of random hot spots of constituents left over from renovation work on the
electric fountain (fall/winter 2002) infrastructure near the mid-sampling point in the lake.

At the time of this writing, the CCOD’s Department of Public Works and Department of Parks
and Recreation are in the late planning stages for intensive renovations to Ferril Lake. The
primary goal of the lake portion of the renovation is to accommodate five year flood events in
the Montclair Storm-drainage Basin. While the water quality impact of these events will be
slightly mitigated by allowing initial storm flows (first flush) to bypass the lake, multiple five
year flood events into the lake will likely result in a buildup of sediments and contaminants
typically associated with urban runoff including heavy metals and petroleum based
constituents. This impact can be further mitigated with sediment removal performed as future
flow events and subsequent contaminant loading dictate.

Physical changes to the lake will be some slight changes in the perimeter and lowering the
surface elevation approximately two feet to accommodate the five year flow volume. The lake
bottom will be excavated as deep as possible to try to maintain as similar volume as possible to
what currently exists. A loss in lake volume due to decreased depth would result in conditions
more conducive to phytoplankton growth and likely wider swings in dissolved oxygen.

Recommendations:  Potential negative impacts to Ferril Lake water quality subsequent to use
of recycled water as the primary subsidy can be mediated with alternative management
strategies. While the concentration of nitrate (the dominant form of inorganic nitrogen in the
recycled water) in the recycled water is not directly toxic to aquatic life, it can be reduced to
ammonia under anaerobic conditions. Ammonia at elevated concentrations is toxic to aquatic
life, particularly fish. It is recommended that as long as these lakes depend on recycled water
that park management maintain a functioning aeration system to assure refuge for fish during
potentially stressful periods. The creation of refugia with excavation to greater depths has been
discussed in the planning process and would be ideal locations for aeration systems.

While the above recommendation will help address likely symptoms of increased nutrients,
other approaches can help mitigate the source. It is recommended that the CCOD consider
alternatives to decrease nitrate concentrations of incoming recycled water. One such option is
the development of surface or sub-surface wetlands to pre-treat recycled water before discharge
to the 17" Avenue Pond.

Planned changes in the outlet from the 17" Avenue Pond will potentially increase water
residence time prior to discharge to Ferril Lake. While this could help decrease nitrate loading
in Ferril Lake, this action will have limited impact without additional steps to increase nutrient
uptake within the pond (i.e,. habitat manipulations to increase emergent vegetation interactions
with incoming water).

The use of water column mixing was implemented in June/July 2005. Solar-Bee units were
installed in the 17" Avenue Pond, the success of which was not assessed. Two SolarBee units
that had been in Grasmere Lake were moved to Ferril in the winter of 2005/06. While this
option primarily addresses a symptom (algal growth) of the problem (nutrient loading), it can
potentially decrease productivity which will influence other issues such as elevated pH.
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Avian botulism is and will continue to be a difficult issue at the City Park Lakes. It is critical
that the Parks and Rec and Denver Zoo management are vigilant in the cleanup of dead
waterfowl, fish, and other wildlife to decrease botulism breeding source material. They should
also be responsive to waterfowl showing the signs of botulism infection. If they are caught in
the early stages of avian botulism, these birds can be retrieved and treated at the Denver Zoo.

In summary, DEH management recommendations unique to Ferril Lake include:

e consider alternatives to address source of nutrient loading (i.e., wetlands, flow path
manipulations)

e incorporate aquatic life refugia in the planning process including deep pockets,
structures, and aeration;

e plan for removal of increased sediment deposition as a result of the five year flood
detention;

e maintain employee awareness of avian botulism and the need to be vigilant with
appropriate collection and disposal of dead waterfowl, fish, and other wildlife; and

e include Ferril Lake fish for future tissue assessments coordinated with CDPHE.

1V.B.4. Duck Lake

Location: City Park, southwest side of Denver Zoo

Area: 4.9ac; Perimeter: 1935ft; Max Depth: 9ft

Miscellaneous: Island - Area: 0.4ac; Perimeter: 535ft; avian botulism, intensive bird use

The two long term monitoring sites were sampled at
Duck Lake July 8", 2004 (Plate H). A summary of
findings is provided in Table 4B-4 and 4-2. Many
cormorants, Canada geese, black crowned night herons,
and waterfowl were present in numbers typical of the surface
pond in the past. One duck carcass (Widgeon?) was .
found during the sampling event, and no waterfowl !
exhibited signs of botulism.

Temp (°C); D.O.(mg/L-Oy)
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Duck Lake Issues and Recommendations

Depth (ft)

Issues: Nutrient concentrations, avian botulism,
and dissolved oxygen levels continue to be key issues in
Duck Lake. The existing elevated nutrient concentrations
(high nutrient loading from birds and internal sources)
was amplified in 2004 with the switch to recycled water
in the City Park Lakes. Not surprisingly, the 2004 D.0. b temp
nitrogen concentrations were considerably higher than
Fhose recordeo! in previous years (Elg 4B-9). The Fig 4B-8. Duck Lake temperature-
increased nutrient concentrations likely promoted D.0. profile from 7/8/04.
elevated chlorophyll-a relative to the past two years (Fig
4B-10).
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The intense bird activity at the lake both adds to the nutrient problems and contributes to
elevated bacterial levels. Asin 2003, E. coli and fecal coliform concentrations were greater
than the CDPHE water quality standards. However, the geometric mean (by which an
exeedance is determined) over the past 5-8 years of sampling was well below water quality

standards.

Table 4B-4. Summary of findings from the July 8, 2004 sampling of Duck Lake

Constituent

Observations/Results

Lake bankfull; inflow estimated at 150 gpm from Ferril Lake; outflow estimated

Hydraulics at 125 gpm
Planktonic and surface algae prevalent throughout lake, relatively thick along

Algae south-southeast shoreline; solid green; chlorophyll-a level was similar to the
previous highest July value (2001) recorded from sampling events spanning 2001-
2004

Vegetation No submerged vegetation noted

Water Clarity

Poor clarity with a secchi depth below the median value among all Denver Lakes”

General
physicochemistry

Relatively low dissolved oxygen among the Denver Lakes”

Relatively elevated inorganic nitrogen (most notably ammonia) and the highest
organic nitrogen concentration among the Denver Lakes; phosphorus

Nutrients concentrations relatively high; chlorophyll-a level similar to the previous high
July value (2001) recorded from sampling events spanning 2001-2004
TSI Rating? Eutrophic-Hypereutrophic

Secchi: Hypereutrophic; Total-P: Hypereutrophic; Chlor-a: Eutrophic

Temp-D.O. Profile

Generally mixed with D.O. <4mg/L and temperature >22°C throughout most of
the water column; no locations with preferred combination of conditions for trout
within the profile at the time of sampling (Fig 4B-8)

Bacteria

Both E. coli and Fecal coliform relatively elevated among Denver Lakes"

Metals-Water

Four metal parameters with relatively elevated dissolved concentrations (Al, Fe,
Mn, and Pb) and five with relatively elevated total concentrations (Al, Fe, Mo, Pb
and Zn) among Denver Lakes”

Metals-Sediment

Relatively elevated aluminum and molybdenum concentrations, all other
constituents within range of concentrations measured in other Denver Lakes”

CDPHE WQ
Standards

The ammonia concentration exceeded the state standard; E. coli and Fecal
coliform greater than the standard but the five year geometric mean was not in
exceedance; D.O. questionable but >5 mg/L-O, at two feet and variable over past
five years.

EPA Sediment
Guidance

No sediment parameter concentrations exceeded the guidance level for aquatic life

1/ All references to the Denver Lake values (means, median, 15" and 85" percentiles) are relative to results for all 16 lakes

sampled in 2004.

2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody
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Fig 4B-9. Mid-summer total inorganic nitorgen (TIN) concentrations
in Duck Lake (NO3=nitrate, NO2=nitrite, NH4=total ammonia).

Depressed dissolved oxygen
concentrations were the most pressing
physicochemical issue in the lake in 2004. As was recorded in the 2003 mid-summer sample
event, aquatic life conditions were sub-optimal at the time of sampling with less than 4 mg/L-
O, from three feet to the bottom of the water column. This is likely a result of the nutrient and
organic material loading (birds) and was possibly compounded with the switch to recycled
water.

Recommendations:  To address issues that are exacerbated by the intensive bird activity, it is
recommended that the CCOD take a more active role in discouraging the public from feeding
the waterfowl and geese. This action is one component that can help alleviate most issues
discussed above including nutrient loading, avian botulism prevalence, elevated bacteria levels,
and depressed dissolved oxygen. Whether it is through more intensive education/outreach or
even minimal enforcement, this is a worthwhile effort.

3 50 Additional actions tha‘g could discourage bird activity inclu_de
=2 40 more natural landscaping. Because Canada geese prefer visually
P open surroundings around waterbodies with well groomed
='> 30 - grasses, incorporation of diverse landscapes (shrubs, trees, and
S 20- grasses) may discourage some from using the lake. So as not to
g 10 - transfer the problem to a nearby location, any actions taken to
g 0 - discourage geese from using Duck Lake will need to be taken at
01 02 03 04 Ferril Lake as well. While large densities of other birds such as
Year cormorants and herons are also a part of the problem, their
control is not as easily managed.
Fig 4B-10. Mid-summer (Jume/
July) chlorophyll-a in Duck Lake. | A ¢ giseyssed above, the high nutrient loading in addition to

minimal water exchange and the recycled water will all
contribute to depressed dissolved oxygen concentrations. Aeration is one option which can
provide aquatic life refuge during physical and chemically stressful periods. At the time of this
writing, the aeration system had been dis-connected after installation of two water column
mixing units (SolarBees installed June 2005). The DEH recommends that the CCOD continue
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to utilize the aeration system during periods when D.O. concentrations are found to be, or
expected to be low. This would include fall when cool night time temperatures Kill algae and in
the spring when low D.O. coupled with high inorganic nitrogen concentrations and low water
volume can trigger fish die-offs as appeared to be the case in March 2006.

SolarBees are very effective in mixing the water column which distributes oxygen evenly
throughout the water column and negates any stratification that typically creates anoxic zones
in the bottom 2-3 feet of the lake. While this is an effective approach at minimizing nutrient
availability to algae and vegetation, it does not provide aeration. However, if the SolarBee
effectively minimizes algal growth by limiting nutrient availability, it will potentially decrease
production of decompositional material that promote low D.O. conditions during stressful
periods (fall and spring). There will be more discussion of the Solarbee systems in future DEH
Lake Reports.

In summary, the DEH makes the following recommendations for Duck Lake:

e incorporate natural vegetation to discourage Canada goose activity as future renovation
plans allow;

e take a more active role in discouraging the public from feeding the waterfowl;

e re-commence use of the aeration system during typically physicochemically stressful
periods;

e assure expedient cleanup and proper disposal of dead wildlife to minimize the spread of
botulism; and

e evaluate the effectiveness of the SolarBee water column mixing units.
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IV.C. Agricultural Ditch

The headgate for the Agricultural Ditch is on Clear Creek upstream of the Rocky Mountain
Ditch headgate in east Golden. This ditch supplies water to Garfield and Huston Lakes via the
Salisbury Lateral, and to privately owned and managed Ward Reservoir #5 through the Puff
Lateral (Plate A). Discharge from Ward Reservoir #5 on the east shore travels less than 300
feet into Harvey Lake. Discharge from Garfield can flow back into the Salisbury Lateral which
also services Huston Lake.

There were no outstanding physicochemical trends among the AD Lakes in 2004 and little in
common to all three. As in previous years, the water quality of Harvey Lake included
relatively elevated conductivity, alkalinity, and hardness from Garfield and Huston Lakes.
These unique characteristics are at least partially attributable to the effect of Ward Reservoir #5
on water chemistry of the Harvey Lake source water. All three lakes were rated as eutrophic
based on secchi depth and were variable based on total phosphorus. Due to a technical error,
chlorophyll-a was not assessed in the three lakes in 2004. Relatively elevated sediment metal
concentrations and dense growth of rooted vegetation differentiated Huston Lake from the
other two AD Lakes.

IV.C.1. Harvey Lake

Location: Southwest Denver; Harvey Park; 4000 W. Evans Ave.
Area: 5.2ac; Perimeter: 2,030ft; Max Depth: 10ft — west end
Miscellaneous: two islands - Area: 0.3ac; Perimeter: 705ft

Three long term monitoring locations and the inflow to
Harvey Lake (Plate 1) were sampled July 19, 2004, three
days after a heavy rain. Wildlife observations included
many Canada geese, mallards, a kingfisher, plenty of red- | surface
winged blackbirds, and possibly a beaver. A summary of ]

Temp (°C); D.O.(mg/L-0,)
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the findings are provided in Table 4C-1 and 4-2. 1

Harvey Lake Issues and Recommendations g 2

Primary issues encountered within Harvey Lake over the % 3
[a) i

past several years have included elevated arsenic and
total copper concentrations. The dissolved arsenic 4
concentration exceeded the fish consumption-based water
quality standard (7.6ug/L-As, effective December 2007,
CDPHE 2005) in 2002 and 2003, but was below it in
2004. While total copper values have been relatively
high compared with the other Denver Lakes, the -

. . . Fig 4C-1. Harvey Lake temperature-
dissolved concentrations were not in exceedance of the D.0. profile from 7/19/04.
water quality standard in 2004 and have not been during
the recent monitoring program (1996-2004). The 2004 total copper concentration was similar
to values from previous years and well below the 2003 measurement.
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Table 4C-1. Summary of findings from the July 19, 2004 sampling of Harvey Lake

Constituent

Observations/Results

Hydraulics Lake bankfull; incoming water estimated at 65gpm; outflow estimated at 6gpm
Matted fibrous algae prevalent among emergent vegetation on east end; solid
Algae o _—
green hue suggested phytoplankton productivity was high;
Vegetation No submerged vegetation noted

Water Clarity

poor; secchi depth similar to 2003 which was considerably shallower than
measures in Harvey from 1998-2002 and was below median value among Denver
Lakes in 2004

General
physicochemistry

Generally within the range of measures from other Denver Lakes in 2004Y

Nutrients

Relatively low among Denver Lakes (<15™ percentile)

TSI Rating?

Eutrophic to Hypereutrophic
Secchi: Mesotrophic; Total-P: Eutrophic; Chlor-a: not assessed”

Temp-D.O. Profile

Steady temperature decline throughout the water column; D.O. >8mg/L on the top
three feet of the water column and <5 mg/L on the bottom 3 to 4 feet; conditions
not preferable for trout throughout the water column (Fig 4C-1)

Bacteria

Both E. coli and fecal coliform counts at acceptably low levels

Metals-Water

Dissolved arsenic and total copper and manganese relatively elevated among
Denver Lakes”

Metals-Sediment

Manganese relatively elevated among Denver Lakes”

CDPHE WQ No measured exceedances

Standards

EPA Sediment All sediment metal concentrations less than guidance levels for aquatic life check
Guidance manganese

1/ Range for Denver Lake refers to values between the 15" and 85™ percentiles based on all 16 lakes sampled in 2004
2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody
3/ Chlorophyll-a not measured due to technical error

The phytoplankton-vegetation balance within Harvey Lake has been variable over the past
several years of sampling and is well represented by the secchi depth readings. The shallow
secchi depth, deep green hue of the water column, and scarcity of submerged vegetation
observed in 2004 exemplified conditions of the past two years that suggest the phytoplankton
has had the advantage.

The DEH recommends that if the CCOD has been using chemical control of the vegetation the
past couple years, they relax on this and allow a semblance of submerged plant growth which
will compete with the plankton community for available nutrients. Complete control of the
vegetative community will continue to favor plankton growth and subsequently poor water
clarity. Additional recommendations are consistent with those that apply to all lakes (Section

IV introduction).
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IV.C.2. Garfield Lake

Location: Southwest Denver; Garfield Park; 3600 W. Mississippi Ave.
Area: 8.0ac; Perimeter: 2,823ft; Max Depth:17ft

Miscellaneous: two-island complex - Area: 0.5ac; Perimeter: 844ft

Three surface and one bottom sample were collected from Garfield Lake (Plate J) on July 19,
2004. Findings from the sampling event are summarized in Table 4C-2 and 4-2. Wildlife
observations on the day of sampling included red-winged black birds, Canada geese, mallards
with young, killdeer, sandpipers, and possibly a pintail.

Table 4C-2. Summary of findings from the July 19, 2004 sampling of Garfield Lake

Constituent

Observations/Results

Hydraulics One foot below bankfull; no inflow or outflow on the sampling day

Aloae Matted fibrous algae minimal; Anabaena spp. prevalent in water column; green
g hue suggested phytoplankton productivity was moderate to high;

Vegetation No submerged vegetation noted

Water Clarity

poor; secchi depth less than two feet

General
physicochemistry

Particulate parameters (TDS, conductivity, alkalinity, hardness) relatively low,
other parameters within the range of measures from other Denver Lakes in 2004Y

Nutrients

Relatively low among Denver Lakes (<15" percentile; nitrogen concentrations all
below detection)

TSI Rating?

Eutrophic
Secchi: Eutrophic; Total-P: Eutrophic; Chlor-a: not assessed”

Temp-D.O. Profile

Steady temperature decline throughout the water column; D.O. >8mg/L on the top
portion of the water column with a rapid decline to anoxic conditions from 6 to 7
feet; conditions not preferable for trout throughout the water column (Fig 4C-2)

Bacteria

Fecal coliform count at acceptably low level; E. coli not measured due to lab
technical error

Metals-Water

Metal concentrations generally near or below median value for Denver Lakes

Metals-Sediment

Aluminum, iron, and manganese relatively high among Denver Lakes

CDPHE WQ No measured exceedances
Standards
E‘:ﬁ‘j fnecde'ment All sediment metal concentrations less than guidance levels for aquatic life

1/ Range for Denver Lake refers to values between the 15" and 85™ percentiles based on all 16 lakes sampled in 2004
2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody
3/ Chlorophyll-a not measured due to technical error
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The bottom sample was collected from the anoxic zone (virtually no dissolved oxygen) at a
depth of 12 feet at the mid-lake location. Consistent with other lakes and general lake
ecological concepts, there were subtle differences in

physicochemistry and dramatically elevated but not excessive Temp (°C); D.O.(mg/L-0;)
ammonia concentrations regarding aquatic life and water 0 5101520 25
quality standards. Organic nitrogen (TKN) and phosphorus surface |
concentrations were also elevated in the bottom portion of the 2 1
water column. Metal parameters were not analyzed at the i
bottom depth. 4 |
E 6 |
The island had a substantial ring of willows established with £ ]
associated smartweed along the water high mark and young 3 8] yoo.

cottonwoods scattered throughout. Some undesirable species 10 L [temp

included at least one Russian olive and substantial growth of )
. 12

Canada thistle. 7

14

Garfield Lake Issues and Recommendations

Issues noted in Garfield Lake in 2003 included relatively Fig 4C-2. Garfield L ake temperature-
f . . . D.O. profile from 7/19/04.

high ammonia concentrations, low dissolved oxygen

concentrations, and a continued decrease in water quality

over the previous few years. While some water quality measures continued to decline in 2004,

ammonia concentrations were low and dissolved oxygen was greatly improved in the

epilimnion (upper water column). Additionally, although trends of increasing particulate

measures (conductivity, TDS, alkalinity, hardness) since the 98 renovation appear to have

stabilized, water clarity was still declining (Fig 4C-3).

The large anaerobic zone observed in 2004 was

__ 6o — similar to conditions measured in 2002. This
E 50 I coupled with low epilimnetic dissolved oxygen
g 40 < concentrations in 2003 suggest Garfield Lake will
3 30 3 continue to provide marginal aquatic life
Z o0 | S conditions if no action is taken. The DEH
8 o recommends that the water quality of Garfield
6 10 I H H Lake could benefit greatly with placement of a
0 =

water column mixing agent. Secondarily, aeration
in select portions of the lake could provide some
mixing and aquatic life refuge as well.

96 97 98 99 00 01 02 03 04
Year

Fig 4C-3. Mid-summer (Jume/ July) secchi depths
in Garfield Lake.

The islands continue to provide an incredible

wildlife habitat asset, one that is greatly limited in
the metro area. While no young shorebirds were noted during the 2004 mid-summer sample
event, adults were again present, active, and vocal. The DEH suggests that the CCD invest
resources towards the management of the islands as Natural Areas. This would entail the
control of pest plant species together with active plantings of preferred native plant species.
The DEH also suggests management for possible wildlife species that could potentially utilize
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the islands. Avocets and other shorebirds prefer the mudflats provided by the Garfield Lake
Islands for feeding. This is a key component that is typically lacking in other lakes in the
metro area.

In summary, DEH recommends the following actions specific to Garfield Lake:

e provide water column mixing and/or aeration at the deepest location and select
locations to stabilize water column dissolved oxygen conditions and decrease the extent
of the anaerobic zone; and

e expand on the natural amenities and establish a Natural Area along the lake perimeter
and on the islands.

IV.C.3. Huston Lake

Location: Southwest Denver; Huston Park; 2400 W. Ohio Ave.
Area: 13.6ac; Perimeter: 3,192ft; Max Depth: 17ft
Miscellaneous: Renovated in 2002

Two Huston Lake monitoring locations (Plate K) were sampled July 22, 2004. A red paint-like
organic material had built up along the north bank. This was likely pollen or another form of a
naturally produced material from the shoreline vegetation. Additional observations included
several emerging arrowleaf plants (south and north banks), a well established bulrush stand
south of the inlet area, Canada geese, and miscellaneous waterfowl. Sample findings are
summarized in Table 4C-3 and 4-2).

Huston Lake Issues and Recommendations

The lake-wide emergent vegetation that became established following the 2002 renovation
continued to dominate and influence conditions in the lake in 2004. Unless the primary
objective at this lake is to provide a water column free of vegetation, this is not an issue that
needs to be altered. Given the shallow depth, low water volume, and limited water supply, this
lake will function more naturally as a wetland than as a lake typical of the other Denver Park
lakes.

While emerging cattails were the most widespread plants in 2003, pondweed (Potamogeton
spp.) was predominant in 2004. Some factors impacted by the vegetation likely include water
clarity, suspended materials, and pH. Since the 2002 renovation, the water clarity has been
vastly improved with secchi depths of three to four feet and was only limited by the bottom of
the water column at the monitoring locations.

A significant decrease in some water column metal concentrations has been measured
following the renovation. The total aluminum, iron, and manganese concentrations are less
than half the concentrations recorded prior to the renovation (Fig 4C-5). The change in lake
ecology (i.e., vegetative activity, water clarity, pH, dissolved oxygen concentrations at the lake
bottom) may have influenced these metal interactions.

35



2004 Lake Report
City & County of Denver
Department of Environmental Health
This was the first year in which pH exceeded 9.0su in Huston Lake. While this exceeded the
CDPHE water quality standard, one sampling event is not an adequate number of measures to
assess this parameter. Future sampling will help ascertain whether this is a long term issue or
was just an episodic situation.

Table 4C-3. Summary of findings from the July 22, 2004 sampling of Huston Lake

Constituent Observations/Results
Hydraulics Approximately one foot below bankfull; minimal inflow, no outflow
Algae Some epiphytic algae, minimal algae throughout

Potamogeton spp. thick throughout much of the lake, particularly in the mid

Vegetation section; Myriophyilum spp. not noted.
Water Clarity Clarity good and to the bottom of the water column (approximately three feet)
General Particulate parameters (TDS, conductivity, and hardness) lowest measured among

Denver Lakes in 2004; alkalinity and total solids also relatively low; highest

physicochemistry measured pH value and relatively elevated D.O. among Denver Lakes”

Nutrients Nitrogen concentrations relatively low among Denver Lakes (<15" percentile)

Eutrophic to Hypereutrophic

")
TSI Rating Secchi: Eutrophic¥; Total-P: Hypereutrophic; Chlor-a: not assessed”

Shallow depth allowed for limited TDP; No change through two foot depth;

Temp-D.0. Profile Conditions not preferable for trout throughout the water column (Fig 4C-4)

Bacteria Low Fecal coliform and E. coli levels

Relatively elevated dissolved arsenic, manganese, and lead concentrations among

Metals-Water Denver Lakes”

Highest measured aluminum and iron concentrations among Denver Lakes;

Metals-Sediment . . . : :
relatively elevated arsenic, cadmium, copper, mercury, nickel, lead and zinc

pH above the standard, but requires an acceptable number of readings before

CDPHE WQ determined to be in exceedance; previous years’ measurements considerably
Standards .
lower than water quality standard
EP'.A‘ Sediment Lead, copper, and zinc in exceedance of aquatic life guidance
Guidance

1/ Range for Denver Lake refers to values between the 15" and 85™ percentiles based on all 16 lakes sampled in 2004
2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody

3/ Secchi depth visible to bottom of water column

4/ Chlorophyll-a not measured due to technical error

Nine sediment metal concentrations were relatively high in Huston compared with the other
Denver Lakes in 2004, three of which exceeded aquatic life guidelines. While this number of
relatively elevated metals seems excessive, the measured values were comparable to previous
years’ results in Huston Lake (excepting 2000 when sediment metals were measured at very
high concentrations). The copper, lead, and zinc sediment concentrations were in exceedance
of federal guidance for aquatic life, as they were in previous years. It is important to note that
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seven and five of the Denver Lakes had lead and zinc sediment concentrations greater than
EPA guidance levels in 2004, respectively.

These chronically elevated sediment metal concentrations may be the result of historical
herbicide (particularly copper) use and long term accumulation of contaminants associated with
urban runoff (lead and zinc). The newly installed runoff filtration structures may diminish this
problem. The DEH encourages the CCOD to continue to support the use of water quality
alternatives and also be cautious in the use of herbicides that could impact metal concentrations
in both the water and the sediment.
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Fig 4C-5. Total aluminum (Al), iron (Fe), and manganese
Fig 4C-4. Huston Lake temperature- (Mn) concentrations in Huston Lake; June/July.

D.O. profile from 7/22/04.
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1VV.D. South Platte Lakes

The South Platte River is the primary water source for two regularly sampled Denver water
bodies, Overland Pond and AquaGolf Lake (Plate A). Water is diverted from the South Platte
upstream of Florida Avenue, less than one mile downstream of the Littleton/Englewood
Wastewater Treatment Plant (LEWWTP), and discharged into Overland Pond on the southwest
bank. Water flows from the east side of Overland into the west side of AquaGolf. Water is
pumped from the south-southwest shore of AquaGolf for irrigation at Overland Municipal Golf
Course.

These two lakes were one water body until they were separated by a berm in the early to mid
1980s. Located in southwest Denver between the South Platte River, Santa Fe Blvd, and
Florida Avenue, Overland Pond targets public recreational use and is the highlight of the
Overland Pond Natural Area. AquaGolf serves as irrigation storage for Overland Golf Course,
and as a golf driving range through 2004.

Water quality characteristics that identify the SP lakes from the other ditch groups in 2004
included hypereutrophic conditions and relatively elevated pH and phosphorus concentrations.
However, physical differences between the two lakes such as surface to volume ratio, water
exchange and residence time, and groundwater interactions likely distinguish the lakes from
each other.

IV.D.1. Overland Pond

Location: Florida Ave and W. South Platte River Drive
Area: 1.7ac; Perimeter: 1064ft; Max Depth: 7.5ft
Miscellaneous: handicapped fishing ramps, natural area

Samples were collected from Overland Pond’s two regularly assessed sites and the inlet from
the South Platte on July 27, 2004. A summary of findings is provided in Table 4D-1 and 4-2.
Wildlife observations were limited to a mallard with two young.

Inflow Conditions: A diversion from the South Platte River upstream of Florida Avenue is
the primary water source for Overland Pond. Although this withdrawal is less than one mile
downstream of the Littleton/Englewood Wastewater Treatment Plant discharge, the
physicochemistry of the incoming water has constituent measures within the range of other
source waters in Denver. An exception to this is the elevated phosphorus concentrations
(Table A8). There is also high inorganic nitrogen loading attributable to high nitrate content of
the South Platte downstream of the wastewater treatment plant. Metal concentrations were
typical of other source waters with the exception of elevated lead (Table A9).

Overland Pond - Issues and Recommendations

The highly productive nature of Overland Pond reflects the high nutrient content of the South
Platte River. The elevated pH is likely a result of the active phytoplankton community that is
sustained by the high nutrient loading (nitrogen and phosphorus). The phytoplankton

community has also been hyperproductive in the past as measured by chlorophyll-a analyses.
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Table 4D-1. Summary of findings from the July 27, 2004 sampling of Overland Pond

Constituent Observations/Results
Hydraulics Bankfull; estimated 150 gpm inflow, outflow below water level
Algae Minimal macro-algae throughout; Phytoplankton appears prevalent
Vegetation No vegetation noted

Poor clarity (secchi depth 15”) and appears to be attributable to phytoplankton

Water Clarity and partially to suspended solids

General Relatively high pH, D.O.; Relatively low conductivity, DOC and TDS among
physicochemistry | Denver Lakes®

Nitrogen concentrations slightly elevated relative to other Denver Lakes (greater

Nutrients than median); total phosphorus relatively high (>85™ percentile)
Y Hypereutrophic
TSI Rating Secchi: Hypereutrophic; Total-P: Hypereutrophic; Chlor-a: not assessed”

High D.O. throughout the water column and supersaturated on the top one foot
with high D.O.; High water flow maintains stable temperature throughout the
water column; Combination of D.O. and temperature acceptable for trout
throughout most of the water column at the time of sampling (Fig 4D-1)

Temp-D.O. Profile

Bacteria Low Fecal coliform and E. coli levels

Metals-Water Relatively elevated dissolved and total selenium among Denver Lakes

Metals-Sediment | Relatively elevated selenium among Denver Lakes

CDPHE WQ pH based on summer values from 1997-2004"
Standards

EP’.A‘ Sediment No metals in exceedance of aquatic life guidance
Guidance

1/ Range for Denver Lake refers to values between the 15" and 85™ percentiles based on all 16 lakes sampled in 2004
2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody

3/ Chlorophyll-a not measured due to technical error

4/ One value per year

The chlorophyll-a was not assessed in 2004 due to a technical error. However, the extremely
high dissolved oxygen and pH suggest the phytoplankton and chlorophyll-a levels were still
very elevated. The excessive productivity is also the primary limiting factor for the chronically
low water clarity that typifies the Pond during the summer months.

The Overland Pond nitrite and nitrate concentrations were the highest recorded in 2003, and
would have had relatively high values in 2004 as well had it not been for the extremely
elevated nitrogen concentrations in the City Ditch Lakes due to their transition to re-use water
as a source. The overall quality of the pond is and will continue to be characterized by the
generally high nutrient loading coming in from the South Platte resulting in hypereutrophic
conditions (low water clarity, high algal productivity).
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Use of a water column mixing agent may help diminish
phytoplankton growth and associated elevated pH values.
Another management recommendation would entail
optimizing the use of South Platte River water at a time of day
when wastewater discharge is most dilute. This would likely
be during the early morning hours and could be determined
through discussions with LEWWTP personnel. If a steady
flow is expected from the South Platte diversion, use of barley
straw is another option. Use of barley straw has been
demonstrated to diminish algal growth in ponds, but it
requires constant moving water to be effective.

A summary of possible management options in addition to the
general recommendations provided in the beginning of
Section 1V include:

e optimizing use of South Platte River water when the
L/EWWTP discharge is most dilute;

e use of a water column mixing apparatus; and

e apilot test with barley straw (requires moving water).
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Fig 4D-1. Overland Pond temperature-
D.O. profile from 7/27/04. The
hashed area highlights a combination
of temperature and D.O. that is within
the range of acceptable conditions for
trout.

IVV.D.2. AquaGolf

Location: Florida Ave and Santa Fe Blvd.

Area: 10.9ac; Perimeter: 2735ft; Max Depth: 6ft
Miscellaneous: irrigation supply, golfing driving range

Three sites were sampled at AquaGolf Lake on July 27, 2004 on a cloudy, humid morning. A
summary of findings is provided in Table 4D-2 and 4-2. Wildlife observations included a

pelican, great blue heron, cormorants, and a large garter snake.

AquaGolf Lake - Issues and Recommendations

The most conspicuous perennial issue at AquaGolf is the high productivity, particularly heavy
phytoplankton growth that results in chronically poor water clarity. This is surely a result of
external and internal loading of nutrients, the former via Overland Pond from the South Platte
River, the latter from the growth-death-decay cycle of phytoplankton and other algae. The
warm water conditions also provide optimum conditions for algal growth. This high
productivity promotes elevated pH which has exceeded the state water quality standard four of

the past eight mid-summer sample events (1997-2004).

Poor water exchange and subsequent static conditions that exist in most of the lake is another
issue at AquaGolf. Even though the lake turns over greater than 135 acre-feet per year for golf
course irrigation (John Stachowski, personal communication), the path this water takes results
in little actual exchange. This is due to the location of the pump house and the inlet from
Overland Pond, both of which are located on the west side. The current path from the inlet to
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the pump intake short circuit most of the lake. Improvements on this factor can be made by
moving the inlet (incoming water from Overland), moving the outlet (pump intake), and/or
providing additional mitigated storm runoff from the east end of the lake.

Table 4D-2. Summary of findings from the July 27, 2004 sampling of AquaGolf Lake

Constituent

Observations/Results

Bankfull; inflow likely 100-150 gpm inflow based on inflow to Overland Pond;

Hydraulics outflow dependent on Overland Municipal GC irrigation withdrawals
Algae Minimal macro-algae throughout; Phytoplankton very dense
Vegetation No vegetation noted

Water Clarity

Poor clarity (lowest secchi depth among all Denver Lakes in 2004 at 8”) and
appears to be attributable to phytoplankton and partially to suspended solids

General
physicochemistry

Relatively high pH and the highest suspended solids among Denver Lakes"

Nutrients

Low inorganic nitrogen concentrations; High organic nitrogen and phosphorus
concentrations (>85" percentile)

TSI Rating?

Hypereutrophic
Secchi: Hypereutrophic; Total-P: Hypereutrophic; Chlor-a: not assessed”

Temp-D.O. Profile

Acceptable D.O. throughout the water column with moderate temperatures;
Combination of D.O. and temperature acceptable for trout throughout the water
column at the time of sampling (Fig 4D-2), likely a result of cloudy conditions

Bacteria

Low Fecal coliform and E. coli levels

Metals-Water

Relatively elevated copper and dissolved iron concentrations among Denver
Lakes

Metals-Sediment

All sediment metal parameters within the range or less than the 15" percentile
among all Denver Lakes in 2004

CDPHE WQ pH based on mid-summer values from 1997-2004%
Standards

EP’.A‘ Sediment No metals in exceedance of aquatic life guidance
Guidance

1/ Range for Denver Lake refers to values between the 15" and 85™ percentiles based on all 16 lakes sampled in 2004
2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody
3/ Chlorophyll-a not measured due to technical error

4/ One value per year

Regarding increased runoff, there is currently only one storm drain that discharges into the
lake, and that is on the south-central bank. Other than rainfall and potential groundwater

influence, there is minimal water entering the lake other than what enters from Overland Pond.

The quality of water to be routed to a lake for these purposes must first be assessed and

mitigated to minimize creation of additional water quality issues. Current renovation plans will

alter the hydrology of the lake and will hopefully result in improved water exchange.
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The lack of water circulation in the lake could be addressed with the use of fountains, aeration,
or water column mixing. However, disturbance created with any of these options could result
in even greater suspended solids and mixing of sediments in the water column. The shallow
depth likely makes use of a SolarBee type unit unfeasible. Aeration could provide some local
relief, but would require a considerable amount of linear
coverage to have an impact on the entire lake. Use of a Temp (°C); D.O.(mg/L-O,)
fountain would likely result in increased suspended
solids and exacerbate other issues in AquaGolf.
Aeration appears to be the best option for this lake. If a surface |/ o B
desired outcome of the lake renovation is improved
water and aquatic life habitat quality, it is recommended
that management use aeration as an option to improve
conditions. It is important that this be installed and
maintained correctly. Improperly installed or
maintained aeration lines become detriments rather than
assets to a lake.
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Another underlying issue involves the proximity of 4 1\ J
AquaGolf Lake to a plume of groundwater y
contamination emanating from the Shattuck Superfund 5

Site (located approximately one half mile southeast of
the lake). Data derived from a network of offsite
groundwater monitoring wells maintained by the EPA

Fig 4D-2. AquaGolf Lake temperature-
D.O. profile from 7/27/04. The hashed

show that the plume of metal and radionuclide area highlights a combination of
contaminants released from the site “flows” temperature and D.O. that is within the
northwesterly within the alluvium of the South Platte range of acceptable conditions for trout.

River towards AquaGolf Lake.

It is recognized that due to natural and anthropic-induced fluctuations in the relative elevations
of the surface water within AquaGolf compared to groundwater upgradient of the pond, there is
potential for groundwater and the Shattuck plume to intermittently recharge the lake.
Reportedly, "wet spots" were observed in the past along AquaGolf’s southern shoreline at
elevations above the lake's water surface. The wet spots could be evidence of a discharge of
groundwater to the lake. Investigation of the groundwater interactions with AquaGolf pond
were beyond the scope of past monitoring efforts. Any renovations or management actions
taken on this lake must be performed with an understanding of the potential risks posed
by the Shattuck Superfund Site’s groundwater plume.

In summary, recommended actions for improvement of the AquaGolf water quality, in addition
to the general proposals provided in the beginning of Section 1V include:

e as opportunities arise, alter the locations of water inlets or pump intakes to improve the
water path and increase water exchange;

e increase storm runoff contribution with water quality-mitigation; and

o test effectiveness of aeration in static portions of the lake and if proven effective,
implement on a larger scale.

42



2004 Lake Report
City & County of Denver
Department of Environmental Health

IV.E. Miscellaneous

While the miscellaneous lakes (Barnum, VVanderbilt, Lollipop, and Parkfield) are similar in that
they are not maintained by water rights subsidies, they are each unique in their respective
hydrological makeup. Barnum is maintained primarily by urban runoff via Weir Gulch which
drains a large portion of southwest Denver. Vanderbilt appears to be maintained primarily by
groundwater likely originating from the South Platte River and its associated alluvium,
although it too receives minimal amounts of urban runoff. Lollipop Lake is maintained by
groundwater that is actively pumped from the north side of Garland Park and receives very
little urban runoff other than overland flow and what percolates through the surrounding park
landscape and possibly groundwater associated with Cherry Creek. Parkfield Lake was a new
addition to the annually sampled lakes. It is located in northeast Denver and was originally
built for water detention. The primary water source for Parkfield is storm runoff. Plate A
shows the location of the lakes within the CCOD.

IV.E.1. Barnum Lake

Location: At Barnum Park between 3™ and 6™ Avenues west of Federal Blvd
Area: 4.2ac; Perimeter: 2325ft; Max Depth: 7ft

Miscellaneous: Renovated and dredged in 1998-99

Highlights: three-island complex - Area: 0.17ac (0.07ha); Perimeter: 730ft (225m)

All three monitoring locations and Weir Gulch were sampled at Barnum Lake on June 29, 2004
(Plate N). Wildlife observations included the presence of cormorants, avocets, pelicans, a great
blue heron, cattle egrets, mallards, Canada geese, and sandpipers. The absence of killdeer was
also noteworthy. A summary of findings is provided in Table 4E-1 and 4-2.

Barnum Lake Inflow

The water quality of Weir Gulch, the primary inflow to
Barnum Lake was typical of other Denver surface waters with g 800 -
the exception of elevated bacteria levels. This suggests the g 700
stream is contributing to the elevated bacteria levels measured < 600
in the lake water column. Measured E. coli levels in Weir 2 5007
Gulch in 2004 were more than double levels from 2002 and S 4007
2003 (Fig 4E-1). The 2004 levels warrant more intensive = 3007
sampling of the gulch to determine whether there are factors E igg
contributing to the bacteria levels that can be mitigated. w
02 03 04
Total aluminum was relatively high in Weir Gulch compared Year
to the other inflow sites monitored for metals in 2004. . . o
. . . . S - Fig 4E-1. E. coli levels in Weir
Aluminum is a common contaminant in urban runoff, which is | Gich upstream of Barnum Lake,
one likely source of the metal. There is no current state water June 2002-04.

quality standard for aluminum at this time.
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Table 4E-1. Summary of findings from the June 29, 2004 sampling of Barnum Lake

Constituent

Observations/Results

Bankfull; moderate inflow from Weir Gulch base flows; discharge from the

Hydraulics lake at the northwest outfall and may have been exiting via the pump on
the north east side of the lake as well
Algae Phytoplankton communities appeared healthy; surface filamentous algae
g was noted, more prevalent along the shore
Vegetation Some Potamogeton spp. near banks, low density

Water Clarity

Variable but generally poor water clarity (secchi depth range: 14 to 25 inches)

General
physicochemistry

Basic parameters similar to findings from other Denver Lakes"

Nutrients

Nitrogen levels relatively high compared with non-Reuse water fed lakes

TSI Rating?

Eutrophic to Hypereutrophic
Secchi: Eutrophic; Total-P: Hypereutrophic; Chlor-a: Eutrophic

Temp-D.O. Profile

Water column slightly stratified with thermocline® from one to two feet;
acceptable combination of temperature and dissolved oxygen for trout in the top
three feet (Fig 4E-2)

Bacteria

High Fecal coliform and E. coli levels

Metals-Water

Relatively elevated dissolved selenium, total aluminum and iron compared with
other Denver Lakes”

Metals-Sediment

Metal concentrations near or below median values from other Denver LakesY

CDPHE WQ Bacteria levels exceed the state standard in 2004 and in 3 of the past 5 years of
Standards sampling (2000-2004)

EP'.A‘ Sediment No metals in exceedance of aquatic life guidance

Guidance

1/ Reference to Denver Lake refers to median and the 15" and 85™ percentile values for all 16 lakes sampled in 2004
2/ TSl is the Carlson Trophic Status Indicator which is an estimate of the stage of eutrophication for a waterbody
3/ Thermocline is the most dramatic zone of change in temperature from one depth to the next

Barnum Lake - Issues and Recommendations

Issues: The primary issues in Barnum Lake include high bacteria levels (E. coli and fecal

coliform) and relatively elevated inorganic nitrogen (nitrite and nitrate) concentrations. These
factors have likely contributed to odor complaints recently received by the DEH from residents
of the Barnum Park vicinity.

The bacteria concentrations were the highest recorded in 2004 and 2003 among all the sampled
Denver Lakes. Based on five annual mid-summer sample events, it appears Barnum Lake is in
exceedance of the E. coli and fecal coliform water quality standards, at least during the summer
months. The un-mitigated urban runoff, potential illicit connections (from the sanitary system),
and resident geese are all likely and/or possible bacteria sources.
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These sources are also potential contributors to the elevated
nitrogen concentrations measured in the lake. Inorganic
nitrogen, primarily nitrite and nitrate have been relatively
elevated (compared with other Denver Lakes) since routine i
sampling included Barnum Lake in 2000 (not sampled in .
1998-99 while under renovation).

Stratification (separation of water column between warm
upper and cool lower layer) in the Denver Lakes is rare due to
the combination of shallow depths and regular winds that
typically provide ample mixing opportunities. However, the
TDP indicated temperature stratification at the middle site in
Barnum Lake (BAR-M), with a drop from 20°C at the one
foot depth to 16°C at four feet (Fig 4E-2). This was consistent
with findings in Barnum Lake from previous mid-summer
sampling events (2000-2003). The DO concentrations
followed a similar although less dramatic pattern as did
temperature, with aerobic conditions (DO >1 mg/L-0O,)
throughout most of the water column. The combination of

2004 Lake Report
City & County of Denver
Department of Environmental Health

Temp (°C); D.O.(mg/L-O,)
0 5 101520 2

surface

1

Depth (ft)

oo ~ (o2} [¢)] £~ w N
I

Fig 4E-2. Barnum Lake temperature-
D.O. profile from 6/29/04. The hashed
area highlights a combination of
temperature and D.O. that is within the
range of acceptable conditions for trout.

temperature and dissolved oxygen were adequate for trout to a depth of three feet on the day of
sampling. The stratification at BAR-M may be a result of low water exchange and protection
from winds by the island complex adjacent to the site.

outflow

forebay

inflow

Fig 4E-3. Likely water path through
Barnum Lake when it is bankfull
and discharging via the northwest
outlet.

Another distinction in the physicochemistry of Barnum Lake
from the other Denver Lakes is the variability in pH, secchi
depths, and nutrient concentrations between sampling sites.
Although not as pronounced in 2004, this variability is further
evidence that suggests the water path may be resulting in
stagnant water in portions of the lake. Water that enters
Barnum Lake via Weir Gulch on the south likely flows
primarily along the west side of the islands to the culvert on the
north by northwest side of the lake (Fig 4E-3). This leaves
much of the east portion of the lake with a longer water
residence time and more conducive to productivity issues and
anaerobic conditions.

Recommendations:  Management actions that can help
minimize bacteria levels and nutrient availability would help
address many of the Barnum Lake water quality issues. The use
of water quality BMPs (best management practices) throughout
the Weir Gulch drainage will help address urban runoff issues.
This includes the use of retention/detention options that will
preferably not impact the overall quantity of runoff, but will
slow it down to allow for settling mechanisms that could
minimize bacterial input from Weir Gulch into Barnum Lake.
The impact of Canada geese is also something that can be
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mitigated through management. Canada geese are attracted to all the City Lakes, but
particularly those that offer well groomed turf grass adjacent to the lakes. The establishment of
a Natural Area around the lake perimeter would potentially decrease the attraction of the area
to the geese and subsequently diminish their use of the park. Natural Area designation would
also decrease long term maintenance needs, and decrease the possibility that turf maintenance
is inadvertently impacting the lake water quality.

Leaking sanitary sewer lines and/or illicit connections (sanitary lines connected to storm
sewers) is a common problem in many cities with aging infrastructure. The CCOD’s Public
Works Wastewater Management Division has been working to remediate areas within the City
where these problems have been identified. The DEH will investigate the Weir Gulch drainage
and seek to identify existing illicit connections. This will entail increased sampling of the
Gulch in a variety of locations to assess bacteria and nutrient concentrations.

A management option that can address problems within the lake is water column mixing.
While aeration has been used in Barnum Lake in the past, this option typically only provides
localized benefits. The use of water column mixing has the potential to impact most of the lake
with the use of one or two units. Water column mixing will help prevent formation of
anaerobic zones that increase nutrient availability and can help speed bacterial decomposition.
While this will not alter nutrient and bacterial loading, it will help decrease their impact within
the lake and may have a direct impact on odor problems.

In summary, the DEH recommendations for Barnum Lake management include:

e promotion and implementation of practices within the Weir Gulch Basin that mitigate
urban runoff prior to entering the lake;

e inclusion of Natural Area designation surrounding the Barnum Lake perimeter to
decrease the attractiveness of the lake to Canada Geese and decrease potential fertilizer
impacts;

e Dbacterial monitoring in the Weir Gulch drainage (instream and storm drains) to assess
level of input from the watershed; and

e use of water column mixing units to mitigate impacts within the lake.
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