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2011 Lower Poudre River & Urban Creek Water Quality Report

Introduction:

This 2011 Lower Poudre and Urban Creek Water QuBkgport provides a water quality-
focused summary of the scope, status and trentthe @ity’s monitoring efforts on the Cache la
Poudre River through Fort Collins and three urb@eks in our community. The presentation
includes discussion of current and future regujatbranges and initiatives that affect the
Poudre. In addition, key stormwater quality enéonent and improvement efforts, regulatory
requirements, activities and associated compliancenon-compliance issues are also
highlighted. Details on river and creek monitorsige locations, test parameters, key results and
trends are presented. It must be noted, howédwaraspects of this report are limited in scope:
flow and water quality are just two of many keyttas that influence and reflect the health of a
river or creek. Other factors include man-madenglea and activities as well as stream
geomorphology and the abundance and diversitysdfiglogical community. The ability of the
biological community in a stream to survive andvhis dependent, in part, on the quantity,
quality and physical characteristics of the walwfas well as stream habitat. Future
monitoring reporting efforts and programs will g&rito identify, assess and explain the
interdependencies that tie together the many faetffecting the health of the Poudre and urban
creeks in our community.

Purpose of the Report:

In order to fulfill City Council's goal of proteciy and enhancing the Poudre River as outlined in
Council Resolution 92-14 "Framework for Environnarction” and Resolution 95-14
“Approving the Watershed Approach to Stormwater IQudanagement”, City staff has
prepared the following status report on water qualbnditions in key urban creeks and the
Cache la Poudre River through Fort Collins. Thksart also includes summaries on the 2011
status of several stormwater quality monitoring angrovement programs in the City.

Executive Summary:

In 2011 several significant regulatory changes oeclithat reveal both positive and negative
trends in current water quality conditions in theu8re through Fort Collins as well as our urban
creeks.

1. Nutrient Criteria : There is one new water quality control programder development in
Colorado that will also have significant cost imgzaen the design, capital improvements and
long-term operation of the City’s two water recldima facilities. This regulatory program
is called “Nutrient Criteria”. The proposed chasdecus on limiting the discharge of the
key the nutrients nitrogen and phosphorus intestatterways. These nutrients can promote
the growth of nuisance algae that can adversefctivater quality and disrupt the food web
in lakes, reservoirs, rivers, and streams. Intamdialgae blooms can create aesthetic
problems (visual, taste and odor) for drinking watgpplies and adversely impact
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recreational activities like swimming. Additior@details on this issue and its potential
impacts are presented on page 14.

. Selenium levels in the Poudre Water quality conditions in the Cache la Pougineer from
Shields Street downstream to just above BoxeldeekCare currently better than all WQCD-
defined aquatic life stream standards except fidtiels of selenium. Selenium is
associated with shale and is naturally preseritersoils, river- and creek-banks in our area.
Over the years, higher selenium levels in the Robhdrve nobeen observed. However, the
WQCD-defined stream standard is now more restedind reported selenium levels exceed
that new stricter standard. The selenium levelewafficient for the WQCD to list the
Poudre through the City as 303(d)-impaired for aiv@xposure aquatic life standards. The
WQCD gave this listing a low 303(d) priority forrcective action. Further details regarding
this issue are presented on pages 10 and 12.

. Both Fossil Creek and Boxelder Creek are listed &803(d)-impaired” (low priority) for
high selenium levels.Like the Poudre, exceedances of regulated setel@vels in Fossil
and Boxelder Creeks were the result of new, streenium standards and not reduced
water quality in the creeks. City data show thghlselenium levels in our urban creeks are
observed during and after major storm events.dtfiteon, any activities that erode creek
banks or otherwise contribute to soil erosion aamtrebute to higher selenium levels in the
water. Further details on this issue are presemmguhge 54.

. Both Fossil Creek and Spring Creek 303(d) listed asnpaired, high priority, for

seasonakE. coli contamination: E. coliis an indicator of fecal contamination. Although
these bacteria can be pathogens, their presenatén indicates that other water-borne
disease-causing enteric bacteria (Salmonella, Bhjgeay also be present. In our urban
creeks, higlE. colilevels show strong seasonal trends with the htdbaesls appearing
during the late spring and summer months and tvedblevels during the late fall and
winter. These urban creeks are listed as a “higiity” because of the corresponding high
probability of human and animal contact during eational activities in nearby parks. The
State is expecting proactive corrective actiontaken on this issue. In response, additional
creek water quality monitoring and field surveyoef$ are underway to ensure that possible
illicit discharges, leakage from sewer pipes ottisegystems are not contributing to the
problem. Additional details on this issue are présd starting on page 59.

. Stormwater Monitoring Programs Underway: The City in cooperation with Colorado
State University (CSU) is conducting a wet-weathenitoring program to assess the
effectiveness of existing structural stormwatertBéanagement Practices (BMPs) and new
Low Impact Development (LID) BMPs. Data collectiactivities started in the winter
months of 2009 and continued through 2011. Detailthe stormwater quality programs
begin on page 20.

Regulatory changes and corresponding impacts abthélevel point to the continued need for
long-term, proactive monitoring and testing progsdor the Poudre and our urban creeks.
Successful water quality monitoring programs wélghkeep our community at the forefront of
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environmental protection efforts and provide thteadeecessary for careful stewardship of our
limited resources.

» History of the City’s River, Creek and Stormwater Quality Monitoring
Programs:

In the mid-1970s, the Colorado Water Quality ConBommission held its first stream
classification hearings for the Cache la PoudreeRiAt that time, both Federal and State Clean
Water Act mandates were being implemented acr@sstdte and the nation. Unfortunately,
little or no water quality data were available fioe Poudre as it flowed past the City’s two
wastewater treatment plants. At the Commissioaarings it quickly became apparent that
because of this lack of data, the City was at lbatictical and strategic disadvantage: proof was
needed that treated discharges from its wastewatgment plants were not harming the river.
As a result, the City initiated several long-terramtoring efforts to gather flow and water
quality data to protect both the Poudre and thg Cimterests.

Since the late 1970s and in cooperation with the3é8logical Survey (USGS), the City has
been monitoring both flow and water quality in tbache la Poudre River above and through
Fort Collins. Beginning in the early 1980s, anadaoperation with Colorado State University
and Kodak Colorado Division (KCD), the USGS prognaas expanded to include assessments
of the fish and benthic macro-invertebrate comnesii the Poudre. At that same time, City
staff from the Pollution Control Lab began weeklgter quality monitoring both up- and down-
stream of the City’s two wastewater treatment @anthe City-CSU-KCD cooperative program
expanded in 2007 to form the Poudre Monitoringakte.

The Poudre Monitoring Alliance is part of EPA’s ad/avinningPerformance Trackrogram.

It brings together under one roof the monitorinipee$ of the City, Boxelder and South Fort
Collins Sanitation Districts, the Town of Winds&CD and the City of Greeley. The alliance
monitors over 42 miles of the Poudre at ten sepai#ts from Lincoln Street to its confluence
with the Platte. In May 2007, the Utility receivadetter of appreciation from Dave Akers,
manager of the Clean Water Facilities program efGolorado Water Quality Control Division
commending the City’s thirty year commitment togwing water quality monitoring on the
Cache la Poudre River. In the late fall of 200/, City received a letter of recognition from
then Senator Ken Salazar lauding the example dPthuglre Monitoring Alliance for on-going
regional cooperation.

Since 1984, the City has monitored water qualitamkwood Lake. Beginning in 2000, the
City’s water quality monitoring program was expathde include routine testing at three urban
creeks: Boxelder Creek, Spring Creek and Fossielcr In 2003, the stormwater quality
monitoring program initiated a water quality assasst of the effectiveness of the Udall
treatment site below Lincoln Street.
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» Agencies with Monitoring Activities on the Poudre &Urban Creeks in Fort
Collins:

Natural water bodies in the Fort Collins area atesaly monitored at numerous locations to
evaluate the impacts of human and natural actsvgrewater quality. Water quality datasets for
some sites in the City begin in the mid-1970s. Thehe la Poudre River, as it flows through
town from Shields Street to Boxelder Creek (Segméitis currently sampled and tested by
several agencies, including: the City of Fort Ga]iColorado State University (CSU), the
Colorado Water Quality Control Division (WQCD), ti®lorado Department of Health &
Environment (CDPHE), the U.S. Geological Survey @&, In-Situ, Inc., Boxelder Sanitation
District, and RiverWatch.

Monthly River Flows at the Lincoln St USGS Gage
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2011 spring runoff flows in the Poudre were sulistiiiy above the levels observed in several
previous years. The presence of large numbersianthss of brown trout observed during the
November 2011 CSU fish surveys may have been tnep@&sults of these higher than normal
flows.
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Stage Height, Temperature and Dissolved Oxygen Lelgen the Cache la Poudre River at
the Lincoln St Gage The following data was collected in cooperatiath In-Situ®, Inc. as
part of an on-going program to monitor water qyahtthe Poudre in “real time”. The data
show the daily cycles observed in water temperatncedissolved oxygen levels in the water.

2011 Stage Height, Temperature & Dissolved Oxygen L  evels
at the Lincoln St Gage
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Telemetry captured a significant storm event dutiregfirst week in July. Data showed an
inverse relationship between flow and conducti¢gglinity) and a parallel surge in turbidity was
observed with increased flow.

2011 Turbidity, Stage Height & Condictivity at the Lincoln St Gage
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This and other real-time water quality data froms #ite are collected and relayed to an on-line
database using instrumentation provided by In-Sita®. Data can be viewed and downloaded
in near real time via the internet.

Water Quality Monitoring Locations, Test Parametersand Test Frequencies:

Location details for the City’s water quality maming sample sites on the Cache la Poudre
River are presented fppendix A. The table includes sites routinely checked leystiaff from
the Utility’s Pollution Control Lab plus river sgehat are part of the Poudre Monitoring
Alliance. Appendix B provides details on the 2011 monitoring locatiand test frequencies for
the Cache la Poudre River and six urban creek séspectively. In addition, maps of the
Boxelder Creek, Spring Creek and Fossil Creek \shtzts are presented

Currently there are four key monitoring sites om Boudre in Fort Collins that are checked each
week by staff from the Pollution Control Lab:

the Lincoln Street USGS Gage (06752260),

a site upstream of Prospect Street,

at the Nature Center above the Drake Water ReclamBgacility (DWRF), and

at the USGS Boxelder Gage (06752280) located wgstid the confluence of the
Poudre with Boxelder Creek above I-25.

PwbhE

Moving downstream from the Boxelder Gage to theflaence of the Poudre with the South
Platte, there are six additional river sites tlmhbine to form the ten water quality test locations
for the Poudre Monitoring Alliance.

To evaluate the potential impacts of the City’s tmastewater treatment plants on the Cache la
Poudre River, the Utilities sponsors a biosurveagpam of fish and bottom-dwelling
invertebrates in the river both upstream and dowast of the City’s water reclamation
facilities. CSU provides the field experience aachnical expertise for these studies. The City,
Carestream Health, Inc (formerly Kodak Coloradoiflion) and CSU have participated for 30
years, and Boxelder Sanitation District joined phegram eight years ago. At a location on the
Poudre downstream of Martinez Park, the City anck§teeam share the costs of the biosurvey
program.

Beginning in 2007, the biosurvey program becammiagral part of the Poudre Monitoring
Alliance. For the City of Fort Collins and as pafthe regional Poudre Monitoring Alliance,

this biosurvey program includes: 1) testing fateseight times each year for bacteriological,
physical, and chemical parameters, 2) testing thites four times each year for benthic macro-
invertebrate population abundance and diversitg, 3rtesting two sites once each year for fish
abundance and diversity. Overall the data shawngtseasonal trends with generally the highest
species diversity and population numbers in eangreer months. Similarly, the data show that
the Poudre below Shields Street to the confluenttetive Platte is primarily flow and habitat-
limited rather than water quality-limited.
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Poudre & Municipal Separate Stormwater System (MS4Water Quality
Monitoring Programs and Associated Cost

2011 Monitoring Program Description Cost Comment

USGS: 2011 U.S. Geologic Survey
cooperative monitoring program for six flow City’s share: $91,920. Federal funds
and two water quality sites on the Cache Ia‘!6133,700 cover the remaining portion of the

Poudre from the Michigan River near

Cameron Pass to the gage station upstream of

Boxelder Cr.

cooperative program.

Poudre River: City’s Pollution Control and

Water Quality Lab monitoring on Cache la
Poudre River at both up- and down-stream

sites from water reclamation facilities with
both a weekly schedule and 8 special dat
collections for the Poudre Monitoring

Alliance including the CSU fish and benthic

macroinvertebrate surveys.

a$92,152

Cost value of field sampling, field

measurements and lab work; includes

City’s portion of Lower Poudre
Monitoring Alliance Program.

Urban Creeks: City's Pollution Control and
Water Quality Lab quarterly monitoring at twg

sites on three urban creeks plus Parkwood Lake

at three locations twice each year.

$6,939

Cost value of field sampling, field
measurements and lab work.

2011CSU Fish and Macro-invertebrate

Biosurveys on the Poudre through the City a§22 250 Part of the Lower Poudre Monitoring
part of the Lower Poudre Monitoring ’ Alliance Program
Alliance Program
Municipal Separate Stormwater System $210.000 Managed by the Division of

(MS4) Permit Compliance Program

Government and Regulatory Affairs

In 2011, the City committed over $538,000 to cdlleath flow and water quality data on the
lower Cache la Poudre River as well as water qudata on key urban creeks, Parkwood Lake,
stormwater and for MS4 permit compliance. USG& datised to help manage operations at the
City’s two water reclamation facilities and to mgeats extensive water rights portfolio. The
data is also used to assess regulatory compliaretetarmwater impacts on key urban creeks in

the City as well as the river.
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Is the Cache la Poudre River through Fort Collins Meeting All Stream
Standards? No, Selenium levels exceed the aquatic life streamastlards.

Water quality conditions for the Cache la Poudeeraviewed approximately every five years by
the Water Quality Control Division (WQCD) of the IBoado Department of Public Health and
Environment (CDPHE). This review is used to depalew stream classifications and
standards, to identify exceedences in water qusiiggdards and then to subsequently develop
discharge permit limits for industries, communiteasl sanitation districts. Permitted discharge
limits are designed to protect public health ad w&laquatic life in the receiving stream. The
WQCD completed a review of the Poudre through Eaitins in 2010. A summary of their
findings is presented in the following table:

Poudre Water Quality: Standards vs. Actual Test Readlts. 2010 report from the Colorado
Water Quality Control Division for Segment 11 oét€@ache la Poudre from Shields Street to

Boxelder Creek just upstream of 1-25.

Parameter TVSt Resultst # of Tests Meeting Std?
pH, std units 6.5-9.0 7.6 — 8.51 438 Yes
Dissolved Oxygen, mg/L 5 8.4 384 Yes
Hardness, mg/L as CaCO3 NA 284 448 Yes
E. coli #/ 100ml 126 24 185 Yes
Arsenic, dissolved, pg/L 7.6 0 112 Yes
Cadmium, dissolved, pg/L 0.93 0 148 Yes
Copper, dissolved, ug/L 21.81 2.77 330 Yes
Iron, dissolved, pg/L NA 69 286 Yes
Iron, total recoverable 1000 180 264 Yes
Lead, dissolved, pg/L 7.67 0 145 Yes
Manganese, dissolved, pg/L 2335 53.4 119 Yes
Selenium, dissolved, pg/L 4.60 5.4 205 No
Silver, dissolved, pg/L 1.93 0 208 Yes
Zinc, dissolved, pg/L 302.5 23.2 147 Yes
Uranium, dissolved, pg/L 4738 9.4 5 Yes
Ammonia-N, mg/L TVS 0.3 381 Yes
Nitrate-N, mg/L 100 1.18 252 Yes
Sulfate, mg/L NA 282.4 75 Yes

Derived from “Colorado Department of Public HeafttEnvironment. Water Quality Control Commission,gR&tion No. 38, WQCD Exhibit

38-11, June 2009..
T = TVS: Table Value Standard

The chronic dissolved selenium standard was excdeedbe Cache La Poudre River at the USGS gage

pa/L = part petidmill

mg/L = part per millions

¥ Results from the Water Quality Control Divisia$$ Geological Survey, RiverWatch, Boxelder Sarotati
District and the City of Fort Collins. Seleniumceedences on the Cache la Poudre were reportetvép/\ratch.
TVS stream standard for Selenium was reduced bigE#eto a lower level in 2001. Selenium exceedsneere
the result of stricter standards, more reported datl not a change resulting in deterioration aewquality.

above Boxelder Creek (BSD #Station 4), at Lee MattiPark (Riverwatch, RW #599), at Prospect Rd.
(RW #602), and above Boxelder Creek (USGS #675228®) acute dissolved copper standard was
exceeded in the Cache La Poudre River at Lee Marfark (RW #599).

Page 10 of 70




303(d) Listing of Impaired Waters on the Cache la Poudre River

In accordance with Section 303 of the Clean Watr(RL 92-500), the Colorado Water Quality
Control Division (WQCD) evaluates waters every tygars to determine if they are impaired
from meeting their water quality criteria. Waténat are determined to be impaired are added to
the State’s 303(d) list and become eligible fomgfands to determine the cause of impairment.
Based on data collected in part by the City, theh@da Poudre River, below the confluence

with Boxelder Creek and then east to the SouthdPRiver was put on the State’s 303(d) list for
high E. colilevels in 2004. The presencekfcoliis an indicator of fecal contamination in the
water. This has been a long-term issue on therlogazhes of the Cache La Poudre and is
attributed primarily non-point source, stormwatanaff and irrigation return waters from
agricultural operations.

Table 3 presents a summary of the 303(d) listing statush#® Cache la Poudre River from the
Monroe diversion through the various classificas@gments to its confluence with the Platte
River east of Greeley.

However, both Fossil and Boxelder Creeks as welleggments 11 and 12 of the Poudre below
Shields Street are listed as 303(d) impaired fangem values that exceed the aquatic life
chronic table value stream standard of 4.6 pgdrt(per billion). The following paragraph
provides details on the toxicity, nature and fdteedenium in waters and the environment:

“Selenium is an essential nutrient for humans anghrels. There is a narrow margin
between too little and too much selenium. Selewambe harmful to humans at 5 to 10
times recommended daily dose (55 micrograms pefatagdults). Selenium is more
toxic to vertebrates than to invertebrates and tdarSelenium is more toxic to fish and
wildlife than to humans. Selenium “bioaccumulatesthe food chain, when selenium is
ingested in amounts greater than the body needsxhess selenium is not excreted, but
instead is retained within the body. As organismespeyed upon by other animals
higher on the food chain, the predator takes onethiggre body burden of selenium
carried by the prey. High concentrations of selemican result in adverse impacts to
birds and fish, including selenium poisoning angrosluctive toxicity. Extremely high
concentrations of selenium can result in advergeaicts to livestock.(Source: Fountain
Creek Watershed Group, Pikes Peak and Pueblo Aeascil of Governments)

It should be noted that the selenium-impairedrggigiven in the following table are a result of
a lower EPA and CDPHE aquatic life stream standadinotchanging water quality. For
comparison, the safe drinking water standard flamsem is 50 pg/L (microgram per liter or part
per billion, ppb) and Fort Collins drinking watesrtains less than 1 pg/L or less than 1 ppb.
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2010 Colorado 303(d) Listing of Impaired Waters orthe Cache la Poudre River:

%\éesrlfggnrggt Segment Description Designation | Use Classifications Portion Impairment PSr tiitrietys
Cache la Poudre River Anti- _ Aquatic LifeT Cold 2 Below
10 Monroe Canal to De_gradatlon Recreation E cc_)nfluence bH, Copper Medium No
Shields Street Reylew (ADR) Watgr Supply with North ’
in 2009t Agriculture Fork
, Aquatic Life Warm 2
11 Cache la Poudre River | »np i 2009+ * Recreation £ Al Selenium Low No
Shields St to Boxelder Cy .
Agriculture
Cache la Poudre River Aquatic Life Warm 2 Selenium /
12 Boxelder Cr to S. Platte | ADR in 2009t Recreation E All E_ coli Low / High No
River Agriculture :
All tributaries to the
Cache la Poudre River,
including all lakes Spring Cr Selenium for
reservoirs and wetlands, Aquatic Life Warm 2 pring Fossil Cr/
from the North Fork of Recreation E Seasonal .
13a the Cache la Poudre River - Water Supply & E. coliboth Low / High No
to the confluence with the Agriculture Fossil Cr Fossil and
South Platte River; Spring Creeks
Spring and Fossil
Creeks
Aquatic Life Warm 2
Boxelder Creekfrom Rilclrij[%ﬁ = Selenium /
13b source to the Cache la -- 9/16-5/14 All Seasonal Low / High No
Poudre River Recreation N E. coli
Agriculture
Use Protected| Aquatic Life Warm 2
22 Fossil Cr Reservoir R eflgtlue?j in VIT/ZE[:er?Zt:JOpan/ ngesslleg/roeirek Selenium Low No
2009 Agriculture

Derived from: Colorado Department of Public Heattd Environment; Water Quality Control CommissidnCCR 1002-93 April 2008; Regulation #93; t8et303(d) list water-quality-limited

segments requiring TMDLst Moved to “Reviewable” Anti-Degradation Status by Water Quality Control Commission on 09 June &f20
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Relationship of Flow to Selenium Levels in the Poud re at the Lincoln Stree Gage

(2005 - 2011 USGS Data)
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Relationship of Flow to Selenium Levels in the Poud  re at the Boxelder Cr Gage
(2005 - 2011 USGS Data)
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At both of the USGS gaging stations in Fort Colliasbient selenium concentrations increased
as the flow decreased. This may reflect the effiéselenium-laden groundwater recharge to the
river under low flow conditions and converselyutibn during periods of high flow.
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Colorado Nutrient Criteria for Lakes, Reservoirs, Rivers & Streams

Background:

Nutrient criteria were adopted in the March 2012jfation 31 Basic Standards Hearing. In
preparation for that hearing, the Colorado DepamtroéHealth and Environment (CDPHE) -

Water Quality Control Division (WQCD) has develogaeliminary criteria for total phosphorus

and total nitrogen.

The nutrient criteria will consist of both £€6ntrol Regulation 85” for permitted dischargers
and a set of Stream Standards spelled out in the Water Quality Control DivisierRegulation

31:

¢ TheControl Regulation will define technology-based requirements for degers to
“control” the release of nutrients and will be bdhem best available technology (BAT):

Control Parameter

Annual Median Effluent

95 Percentile Effluent

Concentration Concentration
Total Phosphorus 1.0 mg/L 2.5 mg/L
Total Inorganic Nitrogen 15 mg/L 20 mg/L

(TIN)

Other requirements of the proposed control regutaticlude:

0 Municipal Separate Stormwater System (MS4) comtreasures:

Public education and outreach targeting potentialient sources and
Identification and control of nutrient sources fromnicipal operations

0 Proposed Monitoring requirements for Publicly Owiedatment Works (POTWSs):

Monthly effluent monitoring for total inorganic niigen (TIN) and phosphorus

and

Monthly in-stream monitoring above and below theT®Ddischarge

o0 Proposed Monitoring Requirements for MS4s:

Both wet and dry weather monitoring at represeveatutfalls throughout the

MS4
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e Stream Standards: Regulation 31 will set water quality standards dase protection of
designated uses and these standards will be badeesbavailable science.

The WQCD has developed the following preliminamngain standards for total phosphorus

and total inorganic nitrogen levels for rivers atictams:

Proposed Nutrient Criteria Regulated Standards forRivers and Streams(From Shields Street
to the Platte, the Poudre is classified as “warmteva).

Designation Total Phosphoru$ Totazl_rl\lill;[rggen Chlorophyll-a?
Cold Water 0.11 mg/L 1.25 mg/L 150 md/m
Warm Water 0.17 mg/L 2.01 mg/L 150 mg/m

Tt Running annual median of Total Phosphorus (u@llgwable exceedence frequency of 1-in-5 years.

T RunningAnnual mediarTotal Nitrogen (TN). TN is the sum of the levefsiotal Kjeldahl Nitrogen, Nitrate-
Nitrogen and Nitrite-Nitrogen.
a Summer (July 1 — September 30) maximum attaclyee anot to exceed.

Proposed Nutrient Criteria Regulated Standards forLakes and ReservoirgFossil Creek
Reservoir, the receiving water for treated DWRRuefit, is classified “warm water” but isot a

drinking water supply)
. . Total Nitrogen
Designation Total Phosphorust (TN) 1 Chlorophyll-a2
Cold Water 0.025 mg/L 0.426 mg/L 8 pa/L
Warm Water 0.083 mg/L 0.91 mg/L 20 pg/L

1. Summer (July 1 — September 30) average Totadptuous (ug/L) in the mixed layer of lakes (med&in
multiple depths), allowable exceedence frequendyiof5 years.

T Total Nitrogen (TN) is the sum of the levels of dldKjeldahl Nitrogen, Nitrate-Nitrogen and Nitritéitrogen.
Summer (July 1 — September 30) average Total Netidgg/L) in the mixed layer of lakes (median ofitiple
depths), allowable exceedence frequency of 1-ipdrs/

a Summer (July 1 — September 30) average Chlorbph(yg/L) in the mixed layer of lakes (median diltiple
depths), allowable exceedence frequency of 1-ieéss/ For lakes and reservoirs greater than 2sacr

» Cost Implications for the City to Implement Wastewder Treatment
Nutrient Controls:

0 Biological Nutrient Removal (BNR) was recently cdetpd at MWRF for phosphorus
and TIN removal. If future regulations require Enbad Nutrient Removal of
phosphorus and nitrogen, an additional 8 milliofiadte in capital improvements will be
needed.
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Comparison of Proposed Colorado Nutrient Criteria b Various Wastewater Treatment
Technologies:

Tvpical Treated Typical Enhanced Limits of Colorado In-
Treated Mu);]Fi)ci al Effluent (No Biological Nutrient Current Stream Nutrient
Effluent Test Raw Se\?va e Nutrient Nutrient Removal Treatment Criteria, mg/L
Parameter ma/L. g€, Removal), Removal (ENR), Technology, Cold Water
Y mg/L (BNR), mg/L mg/L mg/L (Warm Water)
Total 0.11
Phosphorous 4-8 4-6 1-3 0.3 orless 0.05 - 0.07 (0.17)
Total 1.25
Nitrogen 25-35 20-30 8-10 3-6 3-4 2.01)

Sources: Municipal Wastewater Treatment Considerations: DaveClark (HDR) — presentation to Colorado
Nutrient Workgroup, April 13, 2010;

http://projects.ch2m.com/cwqf/Workgroups/Contentiimmt _criteria/Meetings/04%202010%20April/Coloré&s@0Nutrient%20
LOT%20and%20Permitting.pdf

and http://www.waterworld.com/index/display/article-glay/286210/articles/waterworld/volume-23/issuedifaial-
feature/wastewater-industry-moving-toward-enhanuogilient-removal-standards.html

o Both capital improvements and operational changé®®/needed to bring the DWRF
into compliance with the proposed tighter limitsdischarges of phosphorus and total
inorganic nitrogen (TIN). TIN is the sum of the @nia, nitrate and nitrite
concentrations as nitrogen.

Fort Collins Water Reclamation Facility Biological Nutrient Removal (BNR) Construction
Timeline and Costs.

The Mulberry WRF re-started operations on JilyZ011. Treatment processes are being
fine-tuned to achieve effluent levels of nutriebé&dow the newly established control limits.
Changes and improvements to the Drake WRF are woastruction as described in the
following table:

Reclamation Facility Current Status Cost
Mulberry WRF Upgrades Complete $25.2 Million
. Design: Complete
Drake WREILr;\iIr?;th TreatmemConstruction to be Completed $7.5 Million
in October 2012
Drake WRF: South Treatment Design: 2014 .
Train Construction: 2015 $3.2 Million

Note: if Enhanced Nutrient Removal (ENR) becomesired, and additional $50 to $60 million
dollars in capital improvements will be required.
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Implementation Timeline for Nutrient Control Regulation “85” for the Mulberry and
Drake Water Reclamation Facilities:

Water Quality Control C_omm|ssu_)n Nutrient March 12 & 13, 2012
Control Rulemaking Hearing
Final Action on Rulemaking June 11, 2012
Control Limits Effective Date September 30, 2012
City must comply with nutrient control effluent After November 30, 2013 or upon discharge
limitations (or receive a compliance schedule) permit renewal anticipated in 2015(?)

o Nutrient Control Stream Standards (Regulation 31)

Water Quality Control C_omm|ssu_)n Nutrient March 12 & 13, 2012
Control Rulemaking Hearing
Final Action on Rulemaking June 11, 2012
Initiate monitoring on wastewater discharges Mdrch013
Municipal Separate Stormwater Systems
(MS4s) prepare and submit discharge
assessment data reports to the Colorado Water
Quality Control Division (WQCD)
Interim values for Total Nitrogen can be
adopted as standards
Interim values for total phosphorus, total
nitrogen and chlorophyll-a can be adopted as
water quality standards in all segments during
regularly scheduled basin hearings

October 31, 2014

After May 31, 2017 and prior to May 31, 2022

After May 31, 2022.

» Colorado Nutrient Control Regulations and Drinking Water Treatment:

Lakes and reservoirs that are directly used askidignvater supplies can be significantly
impacted by the effects of excess nutrient loadiRgmary concerns include the growth of
nuisance algae. In turn, decaying algae can twtéito the production of high levels of
disinfection by-products as well as taste and @edonpounds like geosmin. At the 2012
hearings, a new sub-designation for drinking wedservoirs was created for those reservoirs
where water is taken out and then treated for d@riptvater. The new Protected Water Supply
Reservoir (PWSR) subset is referred taliasct usdakes and reservoirs. The PWSR
chlorophyll-a standard will not automatically appbyall direct-use water supply reservoirs, but
will be applied to individual reservoirs througtethormal basin regulation rulemaking hearing
process.

In the March hearings, the Colorado Water Qualioyt@ol Commission developed a
chlorophyll-a limit for direct use water supply &kand reservoirs. The limit is an average of 5
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1g/L chlorophyll-a in the mixed layer (median of ltiple depths) during the July*to
September 3btime period. The limit applies to both cold andrm-water lakes and reservoirs
and can only be exceeded once every five years.

This sub-designation affects Horsetooth Reseroeoie, of the City’s two drinking water supplies.
In 2011, the average total phosphorus concentmatiothe raw water intakes from Horsetooth
Reservoir and the Cache la Poudre River were M8D&3 mg/L (ppm), respectively. These
levels are well below the proposed limits for aedtruse drinking water supply.

Should either Glade or Halligan-Seaman Reservansded as direct sources for drinking water
production rather than water exchanges, nutrigtér@ may become important issues in relation
to both water production and non-pointsource paiutontrol.

“Anti-Degradation Review Stattigor the Cache la Poudre River through Fort
Collins:

The Colorado Water Quality Control Commission (WQ@@proved the change to “anti-
degradation review (ADR)” status for Segments 10,ahd 12 of the Poudre in 2009. The basic
purpose of ADR status is to maintain and proteddteng water quality. These three river
segments extend from the Monroe Canal diversiotregos of Gateway Park to the confluence
of the Poudre with the Platte east of Greeley. r@lijat will mean stricter discharge limits in the
future for both of the City’s water reclamationifaies

“Evidence shows that the water quality in thise. the Poudre]segment ipetter than
TVS|[sic: table value standards] for the key parameters, and supports tleenoval of
the Use-Protected designation ..Of the 12 key parameters, only the dissolved
selenium standard was exceeded.”

2010 - 2011 Colorado Water Quality Control DivisionStream Classification Segments of
the Lower Cache la Poudre River Segments 10, 11, 12, 13b and 14 are all novsitiked with
anti-degradation review (ADR) status:

Poudre River
Classification Segment Description
Segment ID#
10 Cache la Poudre River, Monroe Canal to ShieldeGtre
11 Cache la Poudre River, Shields St to Boxelder Cr
12 Cache la Poudre River, Boxelder Creek to S. PRitter
All tributaries to the Cache la Poudre River, inthg all lakes reservoirs and
13a wetlands, from the North Fork of the Cache la PewRiver to the confluence
with the South Platte River (Spring Creek, Fossdek, Parkwood Lake)
13b Boxelder Creek from source to the Cache la PoudrerR
14 Horsetooth Reservoir
22 Fossil Creek Reservoir (Use-Protected Classificati
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Stormwater Quality Study Programs Underway in 2010and 2011

Since October of 2009, the City of Fort Collinstf¢ihas partnered with Colorado State
University (CSU) to conduct a stormwater samplinggoam of numerous stormwater Best
Management Practices (BMPs). The Udall NaturabAtgdall WP) and the Howes St. BMP
were two of the volume-based BMPs studied and #aaled large portions of Old Town Fort
Collins before allowing stormwater runoff to beaharged to the Cache la Poudre River (Poudre
River). Volume-based stormwater BMPs are desigaashprove the water quality (WQ) of
stormwater runoff by attenuating the peak flowwioff to reduce erosion in receiving waters.

In addition, the stored volume of water is kepthia BMP while pollutants and sediment settles
out of the water column. Other City stormwater phng sites can be characterized as low
impact development (LID) facilities and are notadissed in this report.

There were two major differences between the Ud&tland the Howes St. BMP.
Primarily, the Udall WP drained over a much longe because of its pond configuration and
WQ outlet structures. Secondly, the amount ofestdraseflow between runoff events and the
amount of runoff detained during runoff events wasch greater at the Udall WP. The WQ
performance of each BMP is related to the hydrameliention time (HRT) that the BMP
provided. The HRT was defined as the average ataiuime that stormwater runoff was
detained in a BMP during a runoff event (total stamolume/average discharge rate). The HRT
is approximately equal to the drawdown time of aBBbecause runoff will typically enter a
BMP over a short period and exit a BMP over a lompggiod. BMPs providing longer HRTs
would be expected to provide greater WQ enhancebesnguse there would be more
opportunity for physiochemical and biological irgetion including adsorption of pollutants to
settleable particles, sedimentation, plant uptake,biological uptake. Increasing the HRT that
a BMP provides requires more storage volume, custg to construct, and takes away land that
could be developed for other uses. In sum, treaetiadeoff between the size of a BMP, the
cost to build a BMP, and the capacity for polluteerhoval.

The relationship between the HRT and BMP WQ enhaec¢ was investigated using
results from the City stormwater sampling projeud asing other stormwater studies from the
International BMP Database (BMP Database). Mess&20d.1) produced a Thesis entitled “An
Evaluation of Hydraulic Retention Time on BMP Wa@auality Performance” and a copy was
submitted to the City. Methods of the investigatamd detailed WQ analysis appear in the
Thesis.

The purpose of this report is to highlight the kegings from City stormwater sampling
program and the HRT investigation from the The&freover, this report synthesizes the
findings and applies them to City WQ objectivedieTindings could be used to justify and/or
change current design standards for the City statewprogram. Furthermore,
recommendations are made for WQ improvements dt/tlal WP and Howes St. BMP.

Sampling Sites
The Oak Street Outfall discharges stormwater rutwofhe Udall WP where the runoff is

treated by two wet extended detention ponds béfeireg discharged to the Poudre River. The
facility was constructed with extra storage capeaidt the drainage area it serves and provides

Page 20 of 70



longer drawdown times than is customary for wetdsofRocky Mountain Consultants 2001,
UDFCD 2010). Two ponds were constructed in semeseach pond’s outlet structure was built
with WQ orifices to control the release of storeatev. Sampling equipment was placed at the
BMP inlet (the Oak St. Outfall), at the outlet adrf®l 1, and at the outlet of Pond 2 in order to
characterize the change in WQ through each poiglurd-1 shows the sampling locations at the
facility.

The Howes St. BMP treats stormwater runoff thalissharged by the Howes St. Outfall
before it reaches the Poudre River. Water flowsugh a constructed wetland channel (CWC)
and some ponding occurs at a small concrete wirtpavatructure. Then, runoff flows through
more of the CWC and enters an old oxbow pond/wetiea before discharging to the Poudre
River. The outlet of the facility is comprisedtafo culverts and does not have any WQ
regulator to control effluent flow. Overall, théVB® is undersized for the contributing area that it
serves. Sampling equipment was placed at the Bi&P (Howes St. Outfall) and at the outlet of
the wetland pond to characterize the overall chamd®Q as it moved through the facility.

Figure 1 shows the sampling locations of the facili

BMP characteristics are shown in Table 1 for theve® St. BMP and the Udall WP.
Note that each BMP has a contributing area of at&@a® acres, but the Udall WP has a longer
design drawdown time and provides more storages Wdter quality control volume (WQCYV) is
the recommended design storage for each facilitgraing to the Urban Drainage Flood Control
District (UDFCD) design manual (UDFCD 2010). Thddl WP was constructed with 160% of
the required storage according to UDFCD guidelindsst of the extra storage volume was
built in order to allow future projects to re-row®rmwater flow into the facility. However, the
WQCYV depends on the design drawdown time, and dhelpat Udall were designed to detain
water for 40 hours. UDFCD recommends a 12-houwvdoavn period of the WQCV for wet
ponds (WPs) and a 40-hour drawdown period for dtgreled detention basins (EDBs). The
available storage volume at the Howes St. BMP wgtimated using flow records from the
sampling program and it is approximately 35% to 6@8%dersized for a typical wetland pond
according to UDFCD guidelines.

Table 1. BMP Characteristics for the Howes St. BMRnd Udall WP

BMP Charactersistics Howes St. BMP Udall WP
Pond1 |Pond 2 | Total
Total Contributing Area (acres) 524 - - 517
Percent Impervous of Contributing Area (%) 52 - - 64
Current BMP Storage Size (acre-ft) 3to5* 7.4 9.8 17.2
Calculated WQCYV (acre-ft)** 8.3 10.8
Design Drawdown Time (hrs) 10 to 30* 40 40 80+

* Observed BMP storage utilized and drawdown time from calculated from flow records
** Howes St. BMP WQCYV for a wetland pond, Udall WP WQCYV for an extended detention basin
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Water Quality Results

Numerous WQ constituents were analyzed for mulépients from 2009 to 2011. At
each sampling site, a representative event measentmtion (EMC) was calculated for a runoff
event. Numerous aliquot samples were collectendgusiitomated equipment and then combined
to form a representative EMC at each site duringnaff event. From the fall of 2009 to the
spring of 2011, 13 events were sampled at the WalRlland Howes St. BMP. Table 2 shows the
events that were successfully collected at eaclplsagriocation.

Table 2. Summary of Storms Sampled from 2009 to Sjig 2011

Howes St. BMP Udall WP
Howes Howes Udall Pond |Udall Pond

Storm Date nlet Outlet Udall Inlet 1 2
10/27/2009 X X X

3/20/2010 X

4/21/2010 X X X
4/28/2010 X X X X
5/11/2010 X X

5/26/2010 X X

6/11/2010 L L

7/4/2010 X X X X X

8/8/2010 L L L L L
10/22/2010 X X
11/9/2010 X X X X
4/13/2011 X X X X

4/24/2011 X X X X X

X = Full Sampling Suite from PCL Lab
L = Limited Sampling from CSU Lab

EMC Not used in Analysis-Did not meet screening criteria
Equipment problems but believed to be representative EMC
Note that paired influent to effluent events weoé aways collected. During summer

months, the Poudre River level rose high enougirégent sampling from the BMP outlets.
Other complications like intense rainfall, insui@ct rainfall, uneven rainfall, maintenance
activities at the sites coinciding with samplingeets, or equipment malfunction prevented
successful sampling at certain locations for speeients. Table 2 shows some data that was
removed from analysis (highlighted in red) becaausepresentative EMC was not collected (i.e.
less than 60% of the runoff hydrograph was colatealiquot samples). Despite having to

remove some of the data points, there was a gooetyaf storm events collected over multiple
seasons.

The methods of analysis used to describe the W@vahat each site utilized all
available data points and adhered to strict stzgistequirements. Enough data was collected to
draw some strong conclusions about the performaheach BMP, especially when the facilities
were compared to one another. Messamer (2011)rusedrous analytical methods to describe
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the WQ improvements from each BMP in his Thesike TEffluent Probability Method”
emerged as the single most useful method becausktla¢ available data points were displayed
via probability plots. All of the collected EMCs$ @ specific site were ranked from smallest to
largest for a particular WQ constituent. Then,eoaach EMC was ranked, it was assigned a
plotting position (using the Cunnane formula) afattpd. The resulting lines gave an overall
estimate of whether treatment occurred at a BMR firdet to outlet over the course of
sampling. Furthermore, flatter effluent lines icated more consistent treatment from a BMP
because similar EMCs were observed. The valuesponding to the 50% exceedence point
was the median of the observed values becausefitalé EMCs were higher and half of the
EMCs were lower than this point.

Caution should be taken when interpreting the dudiaplots. Since the influent and
effluent values were independently ranked at edehthe implied pollutant removal between
adjacent points on two lines can be misleadinge rEmoval rate may have never actually
occurred during a single event. For example, gufé 2 it appears that TSS was reduced by
about 20 mg/L from Pond 1 to Pond 2 for each stoBome storms had corresponding EMC'’s
that were reduced more than 20 mg/L; others had BM@t were reduced less than 20 mg/L.
The points on the lines cannot be used to predeBMP’s performance for individual events.
The plots should be used as a tool to determinghghé&eatment occurred at a BMP over the
course of numerous events.

Formal statistical testing was also conducted terdane whether a perceivable change
in water quality occurred at each BMP. The Rank3ast compares the median value between
two groups of observations and determines the @egfreonfidence that each distribution is
statistically different. The total number of obs#ions in each group is taken into account, and
the method works well with small datasets. Fos Hpplication, influent water quality results
were compared to effluent water quality resultsaath BMP.

Table 3 shows the results of the Ranksum Testdoh eonstituent. The table was
organized to show the confidence level for theetdldhce between effluent values and influent
values. For example, according to Table 3, itlmassaid with 96.9% confidence that effluent
TSS values at the Howes St. BMP were less thananfITSS values. Red values indicate that
an increase in concentration occurred from inledutbet. Values in bold show with 90% or
greater confidence that effluent concentrationseviess than influent concentrations.

When viewing the probability plots, it is good &ference Table 3 for the statistical
results. The probability plots generally agreenvite statistical results and efficiently show the
median value and all of the observed values at saetpling location. The quantity of the
difference is shown best by the plots while therggth of that difference is summed in Table 3.
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Table 3. Confidence Level (%) Between Median Diffaances Using Ranksum Test

Pollutant Howes Inlet to Udall Inlet to Udall Inlet to Pond 1 Outlet to
Howes Outlet Pond 2 Outlet Pond 1 Outlet Pond 2 Outlet

TSS (mg/L) 96.9 100.0 99.8 99.7
COD (mg/L) -6.9 71.7 70.1 23.8
TOC (mg/L) 0.0 27.6 3.2 45

TR Cu (ug/L) -31.4 90.5 82.9 60.0
D Cu (ug/L) 26.2 96.9 94.1 41.8
TR Zn (ug/L) 95 90.5 87.5 85.7
D Zn (ug/L) 61.9 94.1 77.2 86.8
TP (mg/L) 80.0 97.3 72.8 71.9
TN (mg/L)* 88.6 65.0 -40.4 37.2
TKN (mg/L) 87.2 91.2 82.6 46.6
NH; (mg/L) 98.4 98.3 93.0 79.3
NO,+NOj; (mg/L) 5.5 -69.3 -45.3 -16.0
Organic N (mg/L)** 83.5 67.2 53.0 -5.5
E. coli (#/100 mL)*** -94.8 -25.3 -40.2 0.0

Negative values (in red) show increase in median from inlet to outlet
* TN was measured directly by CSU for two events, otherwise it was calculated by adding TKN + NO, + NO3

** Organic N was estimated for each storm by subtracting TKN - NH;

*** E. coli grab samples were analyzed, no EMCs were collected for E. coli

Total Suspended Solids (TSS)

TSS was arguably the most important WQ constitt@ntonitor because other pollutants

will adsorb to suspended particles and settle btlieowater column. Volume-based BMPs
primarily target TSS for removal through sedimebotaby storing and attenuating runoff and
discharging it over a longer period. Figure 2 shole probability plots generated for the two

BMPs.
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Figure 2. TSS Removal at the Howes St. BMP and UdavP
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According to Figure 2, the median influent of TS®ach BMP’s inlet was around 100
mg/L. At the outlet of the Howes St. BMP, the naedwas reduced to 40 mg/L. The two lines
do not cross which indicates that significant real@mccurred at the Howes St. BMP. According
to Table 3, the difference is statistically strg8§.9% confidence). At the Udall WP, the
median value for TSS was reduced to 40 mg/L aPthved 1 outlet. At the Pond 2 outlet, TSS
was reduced to 22 mg/L. None of the lines crosslwvimplies that significant reductions
occurred from the inlet to the Pond 1 outlet, drehtagain from the Pond 1 outlet to the Pond 2
outlet. Additionally, results shown in Table 3 #gthat statistically significant reductions in
TSS occurred, and overall it can be said with 1@@%¥tainty that the effluent at Udall entering
the Poudre River had lower TSS concentrations itfiurent stormwater.

Some important information was gained from the &88lysis. First, the Howes St.
BMP had a median EMC equal to the Pond 1 outléiis Suggests that the Howes St. BMP has
the potential to remove TSS as effectively as Pbn#lowever, once plotted, the slope of the
Howes St. BMP outlet EMCs was much steeper thaPtmel 1 outlet EMCs signifying a wider
variance in observed values. Essentially, the Ko8te BMP did not perform as consistently as
Pond 1 at Udall. This can likely be attributedtte outlet configuration at the Howes St. BMP
because it did not contain a WQ mechanism to relstwed water slowly.

Secondly, there was additional removal of TSS fRond 2 at Udall, but the magnitude
of the reduction was much less. Pond 1 reduceth#dan of the TSS EMCs from 100 mg/L to
40 mg/L but Pond 2 only reduced the median frono422 mg/L. Approximately 77% of the
WQ enhancement can be attributed to Pond 1. Tridef substantiates that the construction of
Pond 2 was beneficial for TSS removal, but Pondnttions more efficiently.

Oxygen Demand

Two parameters were measured to determine the axdgmand of runoff entering and
exiting the facilities. Chemical oxygen demand (@ a measure of the potential oxygen
depletion from biological and chemical substancesinoff and total organic carbon (TOC) is a
measure of the organic content in runoff. High CQOOC values signify that substances exist
in the water that will remove large amounts of digsd oxygen from runoff. Low dissolved
oxygen in the water can be harmful for fish andeothiquatic species.

Figure 3 displays the probability plots for both @@nd TOC at the sampling locations.
COD was not significantly removed at the HowesB34P. The figure indicates that COD may
have been reduced at the Udall WP, but the reaults not statistically significant (71.7%
confidence that COD was lower at the BMP outlet parad to the inlet). TOC was not
significantly reduced at either facility.

Overall, neither BMP significantly improved the @en demand from stormwater.
However, the results show that neither BMP constkténcreased the oxygen demand from
inlet to outlet, which is also possible. Organiatter stored at the bottom of ponds can promote
anaerobic conditions that have a negative impathemlissolved oxygen in stormwater.
Currently, neither has a negative effect on theah®&d oxygen from stormwater runoff and the
Udall WP might be removing some of the COD in stwater runoff (but not at statistically
significant levels).
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Figure 3. COD and TOC Removal at the Howes St. BMBnd Udall WP
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Heavy Metals

Total recoverable zinc (TR Zn), dissolved zinc (B),4Zotal recoverable copper (TR Cu),
and dissolved copper (D Cu) were analyzed to deterimw effective the BMPs were at
removing heavy metals from stormwater runoff. @teavy metals are more difficult to
guantify because they exist in lower concentratibas zinc and copper. The dissolved portion
of a constituent represents the amount of a pdati@ollutant that passes through a small filter
and is more difficult to remove through sedimeratati

There were several instances where the lab fadl@etform metals analysis that was
requested. There were two or three storms depgmdirthe sampling location where metals
analysis was not performed in time to meet holdetgirements. Formal statistical analysis
often resulted in inconclusive results, most likegcause of the smaller sample sizes. Despite
the limited points, some clear trends emerged whertHowes St. BMP was compared to the
Udall WP.

Figure 4 shows the TR Cu and D Cu removal at bott*8 There was evidence of both
TR Cu removal and D Cu removal at the Udall WPeesgdly from the inlet to the Pond 2
outlet. There was no overlapping of lines implythgt there were significant reductions in
copper concentrations. Formal statistical testingable 3 also shows significant reductions in
copper concentrations from inlet to outlet. At Hh@wes St. BMP, there was no indication of TR
Cu removal or D Cu removal. Another interestinggio note is that inlet copper
concentrations were higher at Udall than at HowtesT®is means that copper removal may not
be as big of a concern at the Howes St. BMP, whigsits a contributing area that contains fewer
busy roads and commercial areas. The effluent IRt®ond 1 was nearly identical to the
Howes St. BMP effluent. In sum, the larger Porat Wdall consistently removed copper from
influent runoff, but the concentrations of TR Cavang the pond were similar to the Howes St.
BMP (where no observable WQ enhancement took plagswith TSS, there was significant
removal of copper from Pond 2, but Pond 1 removedtraf the pollutant load.

Figure 5 shows the TR Zn and D Zn removal at bd#tPB. There was evidence of TR
Zn removal at the Udall WP, but not at the HowedBMP. Formal statistical testing also
showed significant zinc removal at Udall, but noHawes St. The inlet at Udall had higher
concentrations of zinc than the inlet at the HodeEBMP. Unlike the results for TSS and
copper, Pond 2 at Udall removed substantial lo&dd@o that were approximately equal to the
zinc removed by Pond 1. There was an indicatiah EhZn was reduced at the Howes St. BMP
and at the Udall WP.
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Figure 4. Total Recoverable (TR) and Dissolved (DJopper Removal at the Howes St. BMP and Udall WP
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Figure 5. Total Recoverable and Dissolved Zinc Rermal at the Howes St. BMP and Udall WP
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Nutrients

Measured nutrient parameters included total phaspiso(TP), nitrate (N€), ammonia
(NHs), and Total Kjeldahl Nitrogen (TKN). From the nse&ed nitrogen species, an estimate of
the organic nitrogen (ON) and total nitrogen (TNysicalculated for each storm. CSU labs
analyzed two events where only TN and TP were nmedsu

Figure 7 shows the TP removal and TN removal at sampling location. According to
the plot, significant TP reduction was achieveti@h sites and there was a significant reduction
in TP between the Pond 1 outlet and the Pond 2toulormal statistical testing only resulted in
a significant TP reduction at Udall from inlet torfél 2 outlet. Effluent TP EMCs from the
Howes St. BMP was very similar to the effluent TMEs from Pond 1 at Udall. TN was
reduced at the Howes St. BMP but not reduced dt/ttadl WP. There was removal of other
nitrogen species (shown in subsequent plots) bertadithere was no significant reduction in TN
at the Udall WP.

Figure 8 shows the nitrate (N®@ NG;) results and the ammonia results for both sites.
There was no significant reduction in nitrate #ei facility. Nitrate is very difficult to remove
from stormwater runoff and it was not surprisingttthe BMPs did not remove nitrate
consistently. Ammonia was reduced significantlgath pond at Udall and at the Howes St.
BMP. The effluent values at the Pond 1 outlet wezarly identical to the effluent of the Howes
St. BMP, especially if the lowest point on the @irs ignored. Figure 9 shows the TKN and ON
removal at both sampling sites. The Howes St. B&tRoved significant amounts of TKN and
ON. The Udall WP removed some TKN and ON butatdtatistically significant levels, and
there was no perceivable benefit of having the seéq@mnd at Udall.

Overall, the Udall WP did not significantly redutes nitrogen content of stormwater
runoff. However, it was successful in removing sashthe more toxic forms of nitrogen. One
possible explanation could be that ammonia and TiKBasure of ammonia + ON) were
converted into ON through natural
processes. Large algae blooms we
observed at the site, which may ha
reduced ammonia through
photosynthesis and increased ON
from algal die-off. Figure 6 shows
an example of the extensive algae [
growth at the Udall WP. The Howeg
St. BMP reduced all forms of
nitrogen except nitrate. The
influence of plant life in the CWC
and pond area could be responsibl
for the reduction of nitrogen becaus
biological uptake is a major remova
pathway. Both BMPs removed TP.

Figure 6. Algal Bloom at the Udall WP (August 2011)
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E. coli

Escherichia col(E. coli) grab samples were collected at each samplingidrcduring
runoff events. Unlike the collected EMCs for otpeflutants, thde. colivalues represented the
concentration oE. coliat a specific time during an event. Neverthelessugh samples were
collected and analyzed to determine how each BNHt@d E. coli levels. Figure 10 shows the
probability plots generated for tie coligrab samples at each BMP.
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Figure 10.E. colilevels at the Howes St. BMP and Udall WP

E. coliconcentrations were extremely variable at eachitioc and ranged from 100/100
mL to over 100,000/100 mL. These values were sb@si with other stormwater sampling
studies (Clary et al 2008). The Environmental &bbn Agency (EPA) set the fresh recreation
waters criteria at 126/100 mL. Neither site digsgedE. coliat concentrations of the same order
of magnitude as the EPA criteria. The designatedai the Poudre River through town does not
include recreation so stormwater discharge is eqired to meet the numeric criteria. In
addition, the concentration &f coliin the Poudre River was not measured, and theieddli
volume of flowing water would be expected to diltlie concentration d&. colifrom
stormwater runoff.

Figure 10 shows that there was a significant ire@eaE. coli at the Howes St. BMP
from the inlet to the outlet. Table 3 also shovesaistically significant increase in E. coli form
inlet to outlet at the Howes St. BMP. One poss#xplanation for the increase is that an
additional source addéfl colito the pond downstream of the inlet sampling liocat Possible
sources included the nearby Lee Martinez Parkrsetfarm adjacent to Lee Martinez Park, and
a horse trail along the perimeter of the BMP whsanapling personnel frequently encountered
horse droppings. Numerous citizens were obsewllddd dogs for walks near the pond, and pet
waste could introduck. colito the facility. Another possible explanatiorthat wildlife from
within the pond contributed to the coliincrease. There is not much that can be done to
removeE. colifrom stormwater runoff using BMPs that do notimélfiltration as the primary
removal mechanism (Clary et al 2008).
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Figure 10 shows no significant increase or reductioin E. coli levels at the Udall WP. Inlet and
outlet lines overlap, which implies that no signiftant changes irkE. colilevels occurred at the site.
Formal statistical testing also showed insignificanchanges inE. coli from inlet to outlet and from

pond to pond. There was concern that the Udall Wivas increasingE. coli because it attracts
wildlife and has a long HRT. Knuth (2004) reportedan increase inE. coli concentration of two
orders of magnitude from the inlet to the Pond 2 otlet. No E. coli grab sample from this study was
as high as reported values from the study done ir0R4.

Figure 11 shows the geometric mean offheoli samples from this study (labeled as
2010) compared to the values reported by Knuth420The current study collected 12 grab
samples at the inlet and 25 samples at each pdtet;d{nuth only collected three samples at
each location.

Udall E. coli

10,000,000

M Knuth 2,149,872
m 2010

1,000,000

246,350

100,000

10,000

E. coli/100 mL

1,000 -

126
100 -

10
Inlet Pond 1 Pond 2

Figure 11.Geometric Mean dE. coli Samples at the Udall WP for the Two Studies
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Low Impact Development Pilot Projects

In an effort to implement innovative stormwater mgement strategies in Colorado, the City of
Fort Collins initiated a demonstration project tmstruct a retrofit bioretention basin at the
City’s Utility Service Center parking lot. The dad the Fort Collins project was multi-faceted
and involves a significant monitoring effort. Tti&inage basins contributing to these
bioretention areas are highly impervious, fully eleyped, lack room for idealized construction
conditions or standard designs, and contain afgignt amount of public right-of-way or paved
areas typical of urbanized environments. The Glitifort Collins has partnered with Colorado
State University to collect and analyze data fromaigety of LID-type BMPs, including this
project.

-

Utilities Service Center Bioretention reatmEteba, June 2012
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Utilities Service Center Landscaping and Seedinge 2012
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Key points of the project include the following:

1.

2.

3.

Existing grades and available land necessitatedsbef dual, cascading bioretention
cells instead of a single large basin as is typicaktalled.

Due to limited available room, the bioretentionaaveas knowingly undersized. Eight
sizing methodologies were investigated during tesigh.

Clay soils with low permeability dominate the arédevertheless, the bioretention cells
have open bottoms to allow as much infiltratiorpassible. The project includes sub-
surface storage and also uses an underdrain sgstenolled by a gate valve.

The stormwater quality benefits of bioretention mogv widely known and tested,
proving them to be excellent treatment measureswyexer, little data exists to evaluate
the potential runoff volume reduction of bioretentin a semi-arid climate. Therefore,
this project will be monitored for volume reductiomhe monitoring approach consists of
flumes, weirs, pressure transducers, and soil one@istensors to assess the amount of
evaporated moisture in each cell.

There are numerous recommendations across thergeagarding the optimum
bioretention soil media mixture. Some of thes®@nemendations contradict each other
or may lead towards either premature media cloggimgquestionable ability to sustain
healthy, attractive vegetation. This project wilaluate both the media mixture
recommended by the updated UDFCD Volume 3 and adytixture of sand, compost,
and loam with input from a notable CSU soil scisintiEach cell will contain a different
soil media mixture.

A common failure mechanism of bioretention is clioggat the media surface. This
project evaluates the use of forebay boxes andjfzae! filtration to reduce gross
sediment load to the bioretention cells and impriinegr longevity. The project also
replaces standard geotextile fabrics, which alsenoflog, with an aggregate diaphragm
layer.
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7. Vegetation was carefully chosen to be native ptystithat can typically handle adverse
environments. They consist of a number of gragadslowers to meet a project goal
that the area be aesthetically pleasing as wéllragional. The health of the plantings
will be monitored in order to improve future plaglection options.

8. This project was a team effort with collaboratie@iieen the City of Fort Collins, the
City of Loveland and Colorado State University.

9. Design and construction considerations for retiofjtbioretention into fully developed
basins will also be discussed.

In conclusion, the use of bioretention as a stortarm@anagement strategy will become
more prevalent in the future as retrofit solutians used in previously urbanized
environments. This represents another step inawipg the knowledge-base and the
construction and maintenance practices that carsée to meet evolving local, state and
federal stormwater management regulations.

Stormwater Criteria Update

On December 28 2011, Council adopted upon second reading the“Sesmwater Criteria
Manual” replacing the Storm Drainage Design Craemd Construction Standards that was
originally adopted in 1984 and update in 1998.

The “Stormwater Criteria Manual” is the newly readsgoverning document that now sets
stormwater policies in Fort Collins and provides tirainage criteria for all new stormwater
design and construction activities.

The latest version of the manual was adopted ireDer 2011 by the City Council with
Ordinance 174, 2011

This version incorporates most of the 2011 versiotne Urban Drainage and Flood Control
District (UDFCD) Manual with amendments that aréque to the City of Fort Collins.

A complete listing of the adopted amendments adbgaa be found at:

http://www.fcgov.com/utilities/business/builderseadevelopers/development-forms-quidelines-
requlations/stormwater-criteria

Additionally the City had separately adopted in @@1Detention Pond Landscaping Standards
that regulate landscaping and construction stasdarstormwater detention pond facilities.
Together these two documents represent a shiformsvater quality and quantity management
that encourages the use of filtration and infiltltmethods to treat and reduce the volume and
guantity of runoff and pollutants in City streanmxlavaterways. These will be complemented in
the future with a Low Impact Development (LID) myliand regulations that will further
encourage and provide additional incentives towHrdsise of green infrastructure techniques in
stormwater management.

The following code revisions will be introducedpst of Spring 2012 update of the Land Use
Code that will further clarify and reinforce exiggi stormwater policies and regulations for all
new development.
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Land Use Code Section 3.4.3 - Water Quality Updat

The development must comply with all applicablealostate and federal water quality
standards, including, but not limited to, thoseutating erosion and sedimentation, storm
drainage and runoff control and treatment, solidt@aand hazardous substances.
Projects must be designed such that all runofindrgifrom development sites is treated
in accordance with the criteria set forth in théot&water Criteria Manual”. Stormwater
control and treatment measures may include, buh@rbe limited to:

Grass Buffers

Grass Swales

Bioretention (Rain Garden or Porous Landscaperidet®

Extended Detention Basins (EDB)

Sand Filters

Retention Ponds

Constructed Wetland Ponds

Constructed Wetland Channels and

Permeable Pavements
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2011 Stormwater Quality Monitoring Program Costs:

Monitoring Program

- Cost Comment
Description

Approximately $22,000 in
direct water quality testing

City-CSU event-based Best costs with the balance fof

Management Practices .
(BMP) Sgtormwater Quality $ 44,000 salaries and program
Monitoring Proaram expenses. Project funded
9 9 through the City-CSU

stormwater contract.

Low Impact Development

(LID) Pilot Project Monitoring Project funded through the
Equipment Costs (new $7,000 LID Monitoring Pilot
Equipment, Replacement and Program
Repair)

$3,000 in lab costs and
$7,000 in salary costs. Salary
Winter Runoff Monitoring $10.000 costs funded by Regulatory)
Study ' and Government Affairs with

the remaining funded by Cityt
CSU contract

Sheldon and Sherwood Lake Equipment, lab analysis ar|d
Water Quality Monitoring $12,000 salary costs; funded by
and Analysis City-CSU contract
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2011 Municipal Separate Stormwater Sewer System (M3 Water Quality
Study Programs

MS4 Report Background & Highlights:

The City of Fort Collins is required by the Coloocad/ater Quality Control Division (WQCD) to
have a Municipal Separate Storm Sewer System (M&dit in order to discharge stormwater
from its MS4 into State waters. The City must iempent a Colorado Discharge Permit System
(CDPS) Stormwater Management Program in accordaitbehe MS4 permit. The City's
Stormwater Management Program is a comprehensogrgmn comprised of six minimum
control measures designed to reduce the dischéqgalotants from its MS4. Each measure
requires several detailed elements that must beemented annually or on an ongoing basis.

In addition to maintaining permit compliance, theneents facilitate protection of water quality
and habitat of the Cache la Poudre River and dvarustreams. City staff takes pride in
implementation of these pollution prevention measwand the resulting urban watershed
quality. Many of the elements identified below weriginally developed as a part of the
“Watershed Approach to Stormwater QudlityListed below are the minimum control measures,
abbreviated requirements, and 2011 accomplishments.

1. Public Education and Outreach -The permittee must implement a public education
program in an effort to promote behavior changeHh®ypublic to reduce water quality
impacts associated with pollutants in stormwateraffi and illicit discharges

Highlights of the 2011 stormwater education program

» The City’s WaterSHED (Stormwater Habitat Educatf@@velopment) program educated
3,912 students and 464 adults, for a total of 6880ent and 120&dult contact hours.

» Staff provided a guest lecture on stream ecology@sU class.

» Staff educated 350 students and 150 adults oratitewater connection at the Birding Fair.

» Six City employees from various departments paudétad in a stream study.

» Larimer County Youth Corps participated in streaduation and stenciling.

» Staff, in cooperation with Art in Public Placestimted a program to place specially
designed cast metal storm drain markers and magbuekys at various locations throughout
the city. To help educate the public regardinglémel/water connectioand to help maintain
water quality in local streams, Fort Collins resitdeare invited to participate in a design
contest for the markers and manhole covers. Dgsigasen will include depictions of
aguatic insects from a local watershed.

» Storm drain stenciling program patrticipants stesttR03 storm drains and applied 71 storm
drain decals.

» Eighteen adults were trained though the Master fdasti program.

* The Children’s Water Festival had 1700 studentigipgnts.

» The Stormwater Business Outreach Program distidlstirmwater education packets to 57
gas stations. Packets included the following nieter
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Removable sticker to place on the window washiogifteservoirs to demonstrate
business’ commitment to a healthy environment.

Spill cleanup and power washing flyers to placehework bulletin board or in the
employee reference book to help guide employeds bvé@st practices.

Storm drain marker to adhere to the curb nearranstivain to educate the community
on the importance of keeping storm drains clegraiitants.

Students gather macroinvertebrates to study tkarsthealth
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W , 4 -
City staff participate in Poudre Life class
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2. Public Participation and Involvement - The permittee must provide a mechanism and
process to allow the public to review and providput on the CDPS Stormwater
Management Program.

* An annual update of the permit Stormwater Managérergram is presented to the Natural
Resources Advisory Board and the Water Board. 204 MS4 Permit update included a
summary of the 2010 MS4 Permit annual report, mimmeontrol measure internal
assessment and tracking, and program challengesuandsses.

* The City’'s MS4 Permit Stormwater Management Progdascription and 2008-2011 annual
reports are posted on the City’s website at:

http://www.fcgov.com/utilities/what-we-do/stormwafgormwater-quality/management-

program

3. lllicit Discharge Detection and Elimination - The permittee must develop, implement and
enforce a program to detect and eliminate illiagécharges into the permittee’'s MS4.

» Staff responded to 45 spill complaint calls in 20R&sponses included site visits, incident
investigations, on-site and phone education, defigéeducational door hangers and follow-
up letters. Staff reported 7 verbal and 3 writtetices of violation, and one charge to
recover City clean-up costs.

» Staff collaborated with the Colorado Division ofd&Safety regarding Best Management
Practices for fire suppression system discharges.

» Staff implemented the RGA spill response on-callgpam including purchasing spill

equipment and providing training to employees.

Staff oversaw cleanup of a mineral oil spill tat@rswater channel
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Staff advised on cleanup and reporting requirerrmmtdlessl

. Construction Site Runoff Control — The permittee must develop and implement a program
to assure adequate design, implementation, andtersnce of BMPs at construction sites
within the MS4 to reduce pollutant discharges aratgrt water quality.

Staff performed 1,167 inspections on 78 constracsites for sediment and erosion control
in 2011. Enforcement measures for inadequate ssdiand erosion control included: 86
verbal warnings, three written notices of violatibmo stop-work orders, 22 building permits
held, and holds issued on 185 initial building pgsmntil installation of erosion control
measures was complete.

Staff assisted City engineering staff with the depment of erosion control and wetlands
plans for 10 City projects.

Staff advised private developers and their contraabn-site with erosion control
requirements and plan implementation.

Staff responded to over 350 phone calls addressistpmer questions regarding soil erosion
control, stormwater pond inspections and permitance.

Staff advised City departments and contractors @ms@uction Stormwater Permit and
Stormwater Management Plan requirements for 10 @ tjects.

Staff attended 8 development construction perngittheetings to review plans for new
building projects within the City.

Staff implemented PermiTrack Erosion and Sedimemtt@| web-based construction site
inspection tracking database program
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Erosion control best management practices help &emstruction site sediment out of the Poudre
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Vehicle tracking pad help prevent construction gkdsi from tracking mud onto the street

Construction site watering operations help reduicel \wrosion
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5. Post-Construction Stormwater Management in New Devepment/Redevelopment The
permittee must develop, implement, and enforceogrpm to address stormwater runoff
from new development and redevelopment projectgdibturb greater than or equal to one
acre, including projects less than one acre that part of a larger common plan of
development or sale, that discharge into the MB4e program must ensure that controls
are in place that would prevent or minimize wateality impacts

» Staff inspected 107 permanent water quality corigaiures, or best management practices.
Enforcement actions included 53 written noticesiofation and one verbal notice of
violation.

» Staff participated in the Stormwater Quality Teameview stormwater Best Management
Practices in Fort Collins.

e S o
ove pollutants fromrstevater
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ity weir helps rem

7 “ R

Water qual

Page 50 of 70



Properly functioning water quality swale after ntaimance was performed
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6. Pollution Prevention/Good Housekeeping for MunicipdOperations - The permittee must
develop and implement an operation and maintenanogram that includes an employee
training component and has the ultimate goal ovprging or reducing pollutants in runoff
from municipal operations.

» Staff conducted Stormwater Pollution Preventioro6@Housekeeping / Hazardous Waste
Training for 253 City employees.
» Staff conducted stormwater inspections at nine faitylities.

siand equipment maintenance practices
2EGyclelused oil from vehicle and eguipment maintenance

aiain erank cases of damaged vehicles awaiting engine repair
avoid disposal of liquid waste down drains

recycle engine fluids and batteries

segregate and label wastes

use and label drip pans

maintain sand and oil separators

Wash vehicles and equipment in indoor wash bays

Staff are trained to follow Best Management Prastito prevent stormwater pollution
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Well-trained City employees responded quickly tacl up a hydraulic fluid spill

The following activities supplement the programs tat support MS4 Permit requirements:

» Staff collaborated with Stormwater Engineering lo@ City of Fort Collins Storm Drainage
Criteria Exceptions Manual.

» Staff participated in the Colorado Stormwater Cau@SC) and the Permit Compliance
Committee.

» Staff hosted CDPHE Industrial Stormwater Permitr@ath workshops for customers and
staff.

» Staff provided a training session to Poudre Fir¢hAtity on storm water regulations and
firefighting operations.
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2011 Fort Collins Urban Creek Water Quality Monitoring Program:

The Colorado Department of Health and Environm@mRHE) has established public use
classifications and water quality standards fairgpCreek and Fossil Creek designed to protect
aquatic life and support public uses, recreatiahagriculture. Available water quality data

from November 2000 through August 2007 show thasKF&reek and Spring Creek

consistently meet water quality standards for pesalved oxygen, and nitrite designed to
support aquatic life.

The water quality standard for the indicator baatét. coli, is designed to protect recreational
use. Spring Creek and Fossil Creek are both datsdras “Recreation Class 1a” waterbodies.
This classification indicates waters where primaogitact occurs including swimming and
frequent water play by children. Water qualityadstr E .coli show strong seasonal trends with
individual values above the water quality standaitharily during summer months. Sources of
E. colicontamination include human and animal waste. tiGtimg or minimizing

contamination from improper connections to the Gitiver and creeks is the focus of the
Utility’s lllicit Discharge Program, a componenttbie City’'s stormwater quality program.

In 2006, Fossil Creek was included on CDPHE’sdfsmpaired waterbodies for non-attainment
of the selenium water quality standard. Availablenitoring data shows selenium values
consistently above the water quality standard. hHigncentrations of selenium are found in
local shale deposits.

The EPA has published more stringent Selenium atranaf 4.6 ppb in a revision of water
quality criteria. Consequently in 2006, Coloradostéd this as a water quality standard and is
now placing numerous river and stream segmenth@®B@3(d) list for Selenium. The following
local stream segments were put on the 303(di&0D6 due to exceeding the new selenium
standard:

o the Poudre River from Boxelder Creek to where ieta¢he South Platte River,

o all of Fossil Creek, and

o Boxelder Creek, from its origin in northern Colooa where it meets the Poudre River.
Selenium is naturally occurring in the underlyifge. The listings given above were a result of
a new lower standard and not changing water quaglenium can be mobilized by
precipitation runoff and infiltration to surface w@aand groundwater, resulting in elevated
stream concentrations.
As directed in City Council Resolution 2000-128¢gt®gnizing the Need to Protect Water
Quality”, the City monitors Boxelder Creek, Spri@geek, and Fossil Creek at two sites every

calendar quarter for inorganic chemicals, dissolweghen and bacteria. Parkwood Lake is
sampled twice per year for bacteriological, phylsiaad chemical parameters.
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2011 Monitoring Sites and Test Parameter Matrix forUrban Creek Sites through Fort

Collins.

City of Fort Collins / Utilities
Pollution Control Lab

Surface Water Quality Test Matrix

CREEK MONITORING SITES EAV
Test Parameters FOSC287 | FOSC34 | SPRC287 | SPRCEP | BXC56 | BSCXG PKL
Alkalinity, mg/L as CaCO3
Ammonia-N, mg/L 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 2lyear
Arsenic, ug/L
Biochemical Oxygen Demand,
mg/L 2lyear
Cadmium, pg/L
Chromium, pg/L
Conductivity, pmhos/cm 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr
Copper, ug/L 2lyear
Dissolved Organic Carbon, mg/L
Dissolved Oxygen, mg/L 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr
E. coli/ 100ml 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr
Flow, cfs
Hardness, mg/L as CaCO3 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 2lyear
Iron, pg/L
Lead pg/L 2lyear
Manganese, pg/L
Mercury, pg/L
Nickel, pg/L
Nitrate-N, mg/L 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 2lyear
Nitrite-N, mg/L 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 2lyear
pH 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 2lyear
Selenium, pg/L 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr
Silver, pg/L 2lyear
Sulfate
Temperature, T 1/0tr 1/Qtr 1/Qtr 1/0tr 1/Qtr 1/Qtr 2/year
TKN-N, mg/L
Total Organic Carbon, mg/L
Total Phosphorus, mg/L 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 1/Qtr 2lyear
Zinc, pug/L 2lyear
Site
Code Description
FOSC34 Fossil Creek at County Rd 34
FOsc287 Fossil Creek at College Avenue
SPRC_EP Spring Creek at Edora Park
SPRC287 Spring Creek at College Avenue
BXCG Boxelder Creek Gage
BXC56  Boxelder Creek at County Road 56
PKL Parkwood Lake
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2006 — 2011 Maximum, Average and Aquatic Life Tabl®alue Standard for Selenium
Levels in Fort Collins Urban Creeks.

2006 - 2011 Selenium Levels in Ft Collins Urban Cre  eks
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BoxCr56 BoxCrSG FosCr287 FosCr34 SprCr287 SprCreP

Legend:
BoxCr56 = Boxelder Creek at County Road 56
BoxCrSG = Boxelder Creek at Staff Gage locatedrsofiProspect St.
FosCr287 = Fossil Creek at Hwy 287
FosCr34 = Fossil Creek at County Road 34
SprCr287 = Spring Creek at Hwy 287
SprCrEP = Spring Creek at Edora Park

The Colorado Department of Health, Water Quality@a Division has listed both
Boxelder Creek and Fossil Creek as 303(d)-impdmethe naturally elevated selenium
levels. The Table Value Standard (TVS) for selemin these creeks is set at 4.6
micrograms per liter (parts per billion, ppb). &8um is associated with the shale
common to soils in our geographic region. The '€iBollution Control Lab monitors
the selenium levels in each of these three urbagksrat two locations every calendar
quarter.
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How to Read a Boxplot or a Box & Whisker Plot? @ OUTLIER More than 312

1.

o0 tmes of upper quarile

First note the location of the median (white limejhe
MAXIMUM Greatest value,

box. If the median is in the middle the box, tlaadis excluding outliers

not skewed to a predominance of high or low values.

The overall height of the box indicates the overall UPPER QUARTILE 25% of
range or distribution of the data. A tall box icalies a data greater than this value
wide range in values.

The top and bottom of the box define the upper and ——MEDIAN 50% of data is
lower quartiles at 25% and 75%. it of daect

The maximum and minimum values (excluding

outliers) are represented by the horizontal lirtebe LOWER QUARTILE 25% of
end of the whiskers. data less than this value
Outlier data points are represented by dots.

MINIMUM Least value,
excluding outliers

®—— OUTLIER Less than 32
tmes of lower quartile

Boxplots of 2006 - 2011 Selenium Levels in Ft. Coll  ins Urban Creeks

Selenium, pg/L
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0 The plots show
substantially

. higher and a

broader range of
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Table Value Std = 4.6 ppb concentrations

in Fossil Creek

than in either

Boxelder or

e ,L‘ Spring Creeks.
= v

L Selenium levels
. T &5 = in both Boxelder

Creek and Fossil
Creek exceed

BoxCr56

- - - - - ' the table value

1 2 3 4 5 6
standard for
BoxCrSG  FosCr287  FosCr34  SprCr287  SprCrEP aquatic life.

Page 57 of 70



o Parkwood Lake Water Quality:

Since 1983, the City has shared in an agreemehttigt Parkwood Property Owner’s
Association (POA) for water quality monitoring oarRwood Lake. The lake receives water
from Arthur Ditch and stormwater from City streets. return for giving permission for the City
to use the lake as a receiving waterbody for statawythe City committed to an ongoing water
quality monitoring program.

Twice each year, field measurements are taken ater wamples are collected for testing at
three defined locations near the shoreline ofdlke.| A summary of the data since 2006 is
presented in the table below. Water quality isentty meeting applicable standards. However,
should the Colorado Water Quality Control DivisiWQCD) adopt strict “nutrient criteria”
standards there may be issues with total phosplevets in the lake. Phosphorus is a common
constituent of lawn and garden fertilizers as wslanimal and bird feces.

2006 - 2011 Parkwood Lake Water Quality

Summary
Parameter Average Maximum Minimum  Standard Good?
Ammonia-N (Nitrogen), mg/L <0.1 0.1 <0.1 TVS t Yes
Biochemical Oxygen Demand-5 Day,
mg/L 4.21 8 <2 none Yes
Conductivity, pmhos/cm 380 712 234 none Yes
Dissolved Oxygen, mg/L 8.4 13 6 5 Yes
13.4
E. coli per 100 ml (geomean) 143 <1 126 £ Yes
Hardness, mg/L as CaCO3 155 263 111 none Yes
Lead, pg/L <5.0 <5.0 <5.0 10.55 Yes
Nitrate-N, mg/L <0.05 0.09 <0.05 10 Yes
Nitrite-N, mg/L <0.05 <0.05 <0.05 0.5 Yes
pH 8.4 8.7 7.7 6.5-9.0 Yes
Silver, pg/L <0.2 <0.2 <0.2 3.27 Yes
Temperature, T 16.9 24.6 10.0 I.D. Yes
Total Phosphate, mg/L 0.09 0.13 <0.1 0.083° ?2722°
Zinc, pg/L <5.0 <5.0 <5.0 393.2 Yes
Legend:

T TVS: Table Value Standard based on pH and temperature calculation

T Standard is based on geometric mean calculation of available stream or lake data

[.D. = Insufficient Data

a: Possible problem with very strict future "Nutrient Criteria" Standards for Lakes and
Reservoirs. Exceedence of standard only allowed once every five years.
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E. coli contamination in Fossil Creek and Spring Creek

Using several years of City and USGS data and fogusn the months of April through

October, the Colorado WQCD has determined that Bosisil Creek and Spring Creek are now
303(d)-listed as “impaired” fdE. coli contamination. Both creeks were also given althig
priority” designation for developing corrective iacts. Potential sources BEf coli

contamination include failing septic systems, legksewer lines, domestic animals (pets, cattle,
horses, etc.) and wildlife. Additional monitorit@identify potential point sources of
contamination within the creeks will need to be pteted.

The diagram presented below depicts the overalkaadonal geometric mean valueg&otoli
levels found in key Fort Collins urban creeks toe 2006 — 2009 timeframe compared to the
stream standard of 1Z& coliper 100 ml. E. colilevels were monitored once each calendar
quarter for this time period and the overall arakssaal (April through October) geometric
means were calculated per Colorado Water Qualitytt@bDivision (WQCD) procedures. The
overall geometric mean values (n=20) for eachwéee all below the 12E. coli/ 100 ml limit
set by the WQCD. However, data for the April trgbuOctober showed the creeks to be in
violation of the water quality standard.

2006 - 2011 E. coli Levels in Fort Collins' Urban Streams vs Stream Sta  ndard

350

M Overall 3 April - October

300 +

250

Geometric Mean Standard Set at 126 E. coli per 100 ml

200 /

150 ~ /

100 H
50 ~
0‘ T T

BoxCr56 BoxCrSG FosCr287 FosCr34 SpCr287 SpCrEP

E. coli per 100 ml

2006 — 2011 Overall and April through Octolercolilevels in Fort Collins key urban
creeks versus the stream standard ofE.26oli per 100 milliliters (ml). All three sites
are listed as 303(d) — seasonally impaired for Eigbolilevels during the spring and
summer months.

Page 59 of 70



2006 - 2011 E coli Levels in Fossil Cr at Hwy 287 & CR34
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2006 — 2011 Overall and seasoBatolilevels in Fossil Creek at County Road 34 versus
the stream standard of 1E6 coli per 100 milliliters (ml) and the overall geometmean

of the data. Note the strong seasonal trendstivtthighesk. colilevels observed in the
spring and summer months. Fossil Creek is lisse808(d)-impaired for seasonal high

levels ofE. coli contamination.

The water quality standard for the indicator baatet. coli, is designed to protect recreational
use. Spring Creek and Fossil Creek are both dasdras “Recreation Class 1a” waterbodies.
This classification indicates waters where primaogitact occurs including swimming and
frequent water play by children. Water quality diatakE .coli show strong seasonal trends with
individual values above the water quality standarcharily during summer months. Controlling
or minimizing contamination from improper conneasdo the City’s river and creeks is the
focus of the Utility’s lllicit Discharge Program,c@mponent of the City’s stormwater quality

program.
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E. coli per 100 ml

2006 - 2011 E coli Levels in Spring Creek at Hwy 287 & Edora Park
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2006 — 2011 Overall and seasoBatolilevels in Spring Creek at Edora Park versus the

stream standard (straight red line) of 26&oli per 100 milliliters (ml) and the overall
geometric mean of the data. Note the strong sehs@mds with the highe&. coli
levels observed in the spring and summer montipsin@Creek is listed as 303(d)-

impaired for seasonal high levels@fcoli

contamination.
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APPENDIX A

2011 City of Fort Collins Water Quality Monitoring Site Location Details:

Sample Site Name Site Description River Mile
City of Fort Collins Cache la Poudre River Monito  ring Sites:
Poudre @ Shields St USGS Sample Site 06752258 45.00
PMRT Poudre River at Martinez Park 44.50
Lincoln Street Gage USGS Gage 06752260 43.44
432PLNC Poudre River @ Lincoln Ave. 43.20
1EFF 001A - Mulberry effluent weir -
1EFF 001A - Mulberry (MWRF) outfall to Poudre 42.49
PBRY Poudre River @ Mulberry Street 41.60
390PPROS at Prospect St USGS Sample Site 06752270 40.30
387PNAT Poudre River @ Nature Center 38.70
2EFF 002B - Fossil Creek weir @ Drake -
2EFF 002B - Fossil Creek outfall @ Drake -
2EFF 002D - Poudre outfall @ Drake (DWRF) 38.39
2EFF 005B - PRPA @ Drake -
370PBOX Poudre River above Boxelder Creek 37.59
Boxelder Gage USGS Gage 06752280 above Boxelder Cr 37.59
City of Fort Collins Urban Creek Monitoring Sites
FOSC287 Fossil Creek Ditch at Hwy 287
FOSC34 Fossil Creek Ditch at CR34
SPRC287 Spring Creek at Hwy 287
SPRC-EP Spring Creek at Edora Park
BXC56 Boxelder Creek at CR56
BXCG Boxelder Creek Gage
Lower Poudre Monitoring Alliance Sample Sites:
432PLNC Poudre at Lincoln St Gage above Mulberry WRF 43.2
390PPROS Poudre at Prospect St Bridge below Mulberry WRF 39
370PBOX Poudre at USGS Gage above Boxelder Cr 37
350LCR5 Poudre at Larimer County Rd 5 35
325PFOS Poudre downstream of Fossil Cr Reservoir outlet 325
295SGAGE Poudre at Staff Gagg _al_:)ove Kodak Colorado
Division 22.5
200STTH Poudre at Shark's Tooth 20
145FSPUR Poudre at Farmer's Spur below KCD 14.5
055WPCF Poudre at Greeley WPCF gage 5.5
022FERN Poudre at Fern Avenue below Greeley 2.2
City of Fort Collins Parkwood Lake Stormwater Imp  act Monitoring Sites:
PKLa Parkwood Lake Site A Northeast
Corner
PKLb Parkwood Lake Site B Southwest
Corner
PKLc Parkwood Lake Site C Southeast
Corner
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APPENDIX B

2011 Monitoring Sites and Test Parameter Matrix forCache la Poudre River Sites through

Ft. Collins.

City of Fort Collins / Utilities

Surface Water Quality Test Matrix

Pollution Control Lab
POUDRE RIVER MONITORING SITES
Test Parameters 432PLNC 390PPROS | 380PNAT | 370PBOX
Alkalinity, mg/L as CaCO3 8lyear 8lyear 8lyear 8lyear
Ammonia-N, mg/L 1/week 1/week 1/week 1/week
Arsenic, pg/L 8lyear 8lyear 8lyear 8lyear
Biochemical Oxygen Demand, mg/L
Cadmium, ug/L 8lyear 8lyear 8lyear 8lyear
Chromium, pg/L 8lyear 8lyear 8lyear 8lyar
Conductivity, umhos/cm 1/week 1/week 1/week 1/week
Copper, pg/L 8lyear 8lyear 8lyear 8l/year
Dissolved Organic Carbon, mg/L 8lyear 8lyear 8lyear 8lyear
Dissolved Oxygen, mg/L 1/week 1/week 1/week 1/week
E. coli/ 100ml 1/week 1/week 1/week 1/week
Flow, cfs 1/week 8lyear 8lyear 1/week
Hardness, mg/L as CaCO3 1/week 1/week 1/week 1/week
Iron, pug/L 8l/year 8lyear 8lyear 8l/year
Lead pg/L 8l/year 8lyear 8l/year 8l/year
Manganese, pg/L 8lyear 8lyear 8lyear 8lyear
Mercury, pg/L 8lyear 8lyear 8lyear 8lyear
Nickel, pg/L 8lyear 8lyear 8lyear 8lyear
Nitrate-N, mg/L 1/week 1/week 1/week 1/week
Nitrite-N, mg/L 1/week 1/week 1/week 1/week
pH 1/week 1/week 1/week 1/week
Selenium, pg/L 8lyear 8lyear 8lyear 8lyear
Silver, pg/L 8lyear 8lyear 8lyear 8lyear
Sulfate 8lyear 8lyear 8lyear 8lyear
Temperature, T 1/week 1/week 1/week 1/week
TKN-N, mg/L 8l/year 8lyear 8/year 8/year
Total Organic Carbon, mg/L 1/week 1/week 1/week 1/week
Total Phosphorus, mg/L 1/week 1/week 1/week 1/week
Zinc, pg/L 8l/year 8lyear 8l/year 8lyear
Legend: Site Code  Description
432PLNC Poudre River @ Lincoln Ave.
390PPROS  Poudre River at Prospect Street
380PNAT Poudre River @ Nature Center
370PBOX Poudre River above Boxelder Creek
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APPENDIX C

Cooperative United States Geological Survey (USGEJow and Water Quality Monitoring on the
Cache la Poudre in Segment 11 through Fort Collins:

The City has participated in the USGS cooperatoe find water quality monitoring program on the
Cache la Poudre River for over thirty years. Trggram plays mission critical roles in both
managing the City’s $700 million dollar water resms portfolio and providing independent
documentation of ambient water quality conditiomshe Poudre. Having accurate flow and water
quality data is also essential for the Water Quaiontrol Division (WQCD) to develop accurate
stream standards and discharge permit limits f®Giy’s two water reclamation facilities.

The City pays the USGS a majority of the costetmrd stream flow and water quality at several gage
stations on the Poudre. Atthe USGS water qusiigs, samples are collected and tested each month
for a lengthy list of water quality parameters.tfBthe Lincoln Street and the river site above
Boxelder Creek are equipped with continuous recgreiater flow gages. Real-time flow data for
these two sites are posted at the USGS web sitaaildble to the public. The entire historicaloed

of flow and water quality data for the City-spormmsites on the Cache la Poudre is available at the
USGS web site

Nitrate-Nitrogen Levels and Water Temperature at the Box  elder Cr Gage
(USGS Data 06752280)
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The combined USGS-City cost total for the Octol&®@through September 2011 USGS flow
and water quality monitoring on the Poudre was $A33 The City’s share of that amount
was $91,920 with the remaining amount obtained fraderal matching funds. Details for the
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2011 USGS flow and water quality sites on the Cdaloudre River are presented in the
following table:

City of Fort Collins & USGS Water Flow & Quality Co operative Monitoring Sites, Period of
Record and Cost-Sharing Importance to the USGS:

Site Number Location Period of Flow and/or | Importance to
Record Water Quality USGS t
Michigan River
6614800 near Cameron| 1973 - Present] Flow High
Pass
Joe Wright Cr
6746095 above 1978 — Present Flow Low
Reservoir
6746100 Joe Wright Qr 1978 — Present Flow Low
blw Reservoir
North Fork
06751150 Cachela | 1998 presen Flow Low
Poudre blw
Halligan Res.
Cache la Quality &
06752258 Poudre at 1975 - 2005 | Instantaneous Low
Shields St Flow
Cache la
06752260 Poudre at 1975 — Present  Flow & Qualit High
Lincoln St
Cache la Quality &
06572270 Poudre at 1975 - 2005 | Instantaneous Low
Prospect St Flow
Cache la
06752280 Poudre above| 1979 — Present Flow & Qualit Medium
Boxelder Cr
Horsetooth Reg
06737500 | [ COMUIEHON | 1969 - 2008 Quality Low
& USBR

T Ranking priorities influence the cost-sharing patages. A higher USGS importance
ranking increases proportion of available Federciming funds for flow and water quality
monitoring.
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APPENDIX D: 2011 Fall Season Fish Survey Results dhe Cache la Poudre from Dr Kevin
Bestgen, CSU

Percent abundance and biomass results by speeipsemented for four sites on the Poudre starting
upstream of Lincoln Street in Old Town to the SgsCabin located upstream of 1-25. The complete

2011 Poudre water quality, fish and macroinvertiebsarvey report from CSU is available from the
Utility’'s Environmental Services Division.

Poudre Fish Survey, Site P-1, 75m upstream of Linco  In St Bridge

15 November 2011
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Poudre Fish Survey, Site P-3 near Environmental Lea  rning Center

15 November 2011
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Poudre Fish Survey, Site P-4 near Strauss Cabin 15  November 2011
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Poudre Fish Survey, Site P-5 1/4 mile upstream of C  R-32E
below Fossil Cr Reservoir discharge, 15 November 20 11
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Poudre Fish Survey, Site P-6 above Windsor Effluent Discharge

16 November 2011
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Poudre Fish Survey, Site P-7 at Shark's Tooth, belo
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Poudre Fish Survey, Site P-8 1/3 Mile Upstream of 5  9th Ave, Greeley,
16 November 2011
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Poudre Fish Survey, Site P-9, just Upstream of Hwy 85, Greeley,
16 November 2011
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Poudre Fish Survey, Site P-10, above confluence wit  h South Platte,
16 November 2011
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