Fort Collins Amendments

to the Urban Drainage and Flood Control District Criteria Manual

Fort Collins Amendments to the Urban Drainage and Fod Control District Criteria
Manual, adopted by the City Council of the City ofFort Collins, as referenced in Section
26-500 (c) of the Code of the City of Fort Collinsare as follows:

(A)

Volume 1, Chapter 1 - Drainage Policy:

(1) Section 1.0is amended to read as follows:

1.0 Policy

1.1

Drainage Policy

1.2

The requirements contained in the Urban Drainagk Flood Control District Criteria
Manual (the “Urban Drainage Manual”), as adoptedhsy City Council of the City of
Fort Collins and as modified by these Fort Collkreendments (together referred to as
the “Fort Collins Stormwater Criteria Manual,” tfi€tormwater Criteria Manual, or
“Manual’) are the basis for all stormwater manageimeéthin the city of Fort Collins and
are to be used as guidelines in the design andatah of all storm drainage facilities.

In general, these requirements address five afeasnoern: (1) overall storm drainage
planning and management; (2) the interface betweban development and irrigation
facilities such as dams, reservoirs and canalsth@}reatment of historic drainageways
and natural channels; (4) the requirements andifsfadions for engineering design of
storm drainage facilities; and (5) the quality andent of urban stormwater runoff and
erosion control.

Purpose and Scope

(&) The purpose of this Manual is to set forth thehnical criteria to be utilized in the
analysis and design of drainage systems withircityelimits of Fort Collins, Colorado
and its Growth Management Area.

(b) Any reference in the Urban Drainage Manual taty, region or district is to the City
of Fort Collins (the “City”) or the Fort Collins ea or region.

(c) This Manual applies to all land disturbing sitiés defined as development in the
Land Use Code of the City of Fort Collins (the ‘Citand Use Code”) or otherwise
regulated by the City, including activities on dabbr private lands, including but not
limited to activities on private land, public righof-way, easements dedicated for public
use, private roads and to all privately, publielgd quasi-publicly owned and maintained
facilities.

(d) All planned public or private improvements,amy other proposed construction or
development activities regulated by the City mustiide an adequate plan for storm
drainage. This plan must be based on an analydislesign in compliance with all the
applicable regulations and specifications set furtthis Manual.

(e) Prior to commencement of any constructionaeretbpment activities subject to the
requirements of this Stormwater Criteria Manuatirfal approval must be obtained from
the Executive Director of the Utilities or his dgsée.
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() Should a conflict arise between the Code @& @ity of Fort Collins (the “City
Code”), the City Land Use Code, or other City addpstandards and requirements,
including but not limited to these Fort Collins Amtenents, and the Urban Drainage
Manual, the City Code, City Land Use Code or otbigy-adopted standards will govern.

(g) References to “standards” or “criteria” refer those in effect on the date the
“Drainage Plans” for a site development or pubitipiovements are approved.

Regional Master Planning

1.4

(a) In recognition that drainage boundaries arejndsdictional, the City has developed
regional basin-wide “Master Drainage Plans”. Thiesester Drainage Plans establish at
a watershed level what public improvements, if arg needed in each basin and guide
or dictate requirements for new developments pregpas each basin.

(b) Where a Master Drainage Plan for a given afethe City is available, proposed
drainage systems design and construction must gowith all requirements set forth in
that Plan. In areas where a Master Drainage Plantiavailable, drainage systems must
be planned and constructed in a manner that ensommuity in flow quantity and
guality with existing flow conditions.

(c) Master Drainage Plans must be developed andipdated in cooperation with
Larimer County, the appropriate affected irrigatioompanies and any other affected
governmental agencies within a given basin or IsasiSuch plans or updates to plans
will be adopted only after they have been reviewgdall affected entities, and after,
soliciting public input.

(d) Master Drainage Plans are available from tity & the Fort Collins Ultilities offices.

Local Master Planning

1.5

(@) Local flood control facilities, as planned thye City or developers, are an integral
part of the total drainage system required to puesand promote the general health,
welfare, and economic wellbeing of the area.

(b) Any facility that generates benefits exclugiveo a development (or a group of
developments sharing a facility) and not designéiethe City as a regional facility, is
considered a local facility, and as such is to béntained by its private owner(s).

(c) The City requires the planning and constructal all private local stormwater
control and treatment facilities be performed imanner that ensures that such facilities
are compatible with all regional drainage mastanglincluding the City's Master
Drainage Plans.

Storm Runoff Determination

(&) The runoff analysis for a particular area nhestased on the proposed land use for
that area. Contributing runoff from upstream amast be based on the existing land use
and the topographic characteristics of those areas.

(b) All runoff calculations, requirements and amptions must be based on the Master
Drainage Plan for the area, if one is available.

(c) Natural topographic features are the baslsa#tion for easements and future runoff
calculations. In developed and undeveloped areasage land slopes may be utilized in
runoff computations. Wherever existing drainagdepas and slopes are defined, these



1.6

must be used. The drainage facilities so designest bre able to handle the design flows
with virtually no erosion damage to the system.

(d) The City requires storm runoff to be deterrdingy the use of either the “Rational
Method”, or the “Stormwater Management Model” (SWMNMithin the limitations set
forth in this Manual.

Reasonable Use

1.7

The City's management of drainage facilities isdgai by the “Reasonable Use”
principle. This principle is defined as one that:

(a) Limits the rate of flow from developing propes to those release rates as defined in
the City’s Master Drainage Plans.

(b) Limits the rate of flow from developing profies to their “2-year pre-development
condition flow rate” during the 100-year storm etvanless otherwise specified by the
relevant Master Drainage Plan.

(c) Allows a larger release rate than is existingtl®e time of development or
redevelopment if it can be demonstrated that dawast facilities at full watershed
development, and analyzed in accordance with tipicable Master Drainage Plan(s),
can accommodate a larger release rate to a méaterep major drainageway.

(d) Causes no increase in downstream runoff raftes development from that under
existing conditions unless otherwise specifiechimapplicable Master Drainage Plan.

(e) Properly and orderly transitions flows from dmping properties to their pre-
development paths on downstream properties unlesslawnstream property owners
agree to alterations of those changes by grantianabe easements for the new
drainage paths.

(f) Maintains flows, to the extent possible, irithnatural and historic drainage paths.

In certain instances the transfer of drainage fldwesn one basin to another is a
permissible alternative if it is done in accordamdgth the approved Master Drainage
Plan for that basin and if it causes no undue buodéharm to any downstream property.
Basin transfers of drainage flows are subject ty @view and may be approved, on a
case-by-case basis, subject to a showing of noaubdtden or harm satisfactory to the
Utilities Executive Director, and a determinationthe Utilities Executive Director that
the modification of this requirement is appropriate

Water Rights

1.8

The City recognizes the potential effect of draadgcilities on existing water rights.
The City requires that the interrelation betweenphoposed facilities and water rights be
accounted for in planning, reviewing and designiliginage and subdrain systems or
facilities.

Drainage Planning and Required Space

(a) The stormwater drainage system is an intquael of the urbanization process; and
requires storm drainage planning for all developimién include the allocation of space
for drainage facilities’ construction and maintecenvhich may entail the dedication of
right-of-way and, or easements.

(b) Drainage facilities, such as channels, stoemess, and detention facilities serve
conveyance, treatment as well as storage funcfamsater quantity and quality. When

space requirements are considered, the provisionaflequate drainage becomes a
competing use for space. Therefore, adequate jpravisust be made in the land use



plan for drainage space requirements. This magileihie dedication of adequate right-
of-way or easements, in order to minimize potertiadflict with other land uses.

1.9 Use of Streets

1.10

The use of streets to convey storm runoff intedewdth their primary function as
transportation corridors. However, streets are raportant component of the storm
drainage system due to their large storm runoffyirag capacity obtained for little or no
drainage-related costs. In order to balance thesecbmpeting street uses, limits on the
street carrying capacity are required based orcldssification of the street related to
emergency usage during flood events.

The City allows the use of streets for drainagehinitthe limitations discussed in the
“Streets” section as described in Volume 1, Chaftef this Manual, “Streets, Inlets,
Storm Sewers”. :

Nuisance Water

1.11

The City's stormwater policies and requirementsmimarily intended to address water
guantity and quality concerns as they relate to hbalth, safety and welfare of the
general public as well as the protection of theiremwnent. This involves the control of
runoff during large rainfall or snow melt events mjor public drainage systems that
could have flooding potential and the control angbriovement of the water quality of
runoff that enters the City’s receiving waters.

Control of “nuisance” waters such as shallow pogdimat occasionally concentrate on
flat lawns, landscaped, paved or other such areadrictly the responsibility of the
property owner of the land where ponding occursallBw ponding sometimes occurs in
street cross pans or flat sections of curb andeguffhese usually are not a major threat
to the health safety and welfare of the public.

The City will make reasonable efforts to minimizee toccurrence of such nuisances
through its review and inspection authorities, ibstich nuisances do occur, the City is
not responsible or obligated to correct or requirgy other party to correct such a
problem.

Retention Ponds and Pumping

1.11.1 Positive Outfall

The City requires that all drainage facilities besidned in a manner that provides a
gravity-driven positive outfall into a natural drageway such as a river or creek, or a
component of or a tributary to the public storminlage infrastructure system. Positive
outfall in this context refers to the provisionttlad sites must be designed to drain with a
gravity system to the public infrastructure systemmatural drainageway(s).

1.11.2 Retention Ponds

Retention ponds are sometimes necessary to hokt watil a permanent outfall is built.

The City may approve retention ponds as an intedhation until a permanent outfall is
built. If accepted, these ponds must be designeldotd twice the 100-year volume
generated by a two-hour storm and be evacuatedinwgbventy-two (72) hours.

Permanent retention ponds are not allowed to sesvgpermanent water quantity or
guality control measures for any development withimcity of Fort Collins.

1.11.3 Pumps in Detention Ponds




1.12

Pumps in detention ponds may be allowed only whmanaved in writing in advance by

the Utilities Executive Director or his designe&.pump shall only be approved when a
satisfactory showing is made that the pump is retesle a back-up system to an
infiltration pond or as a designed temporary retenpond. Temporary in this context
means that a permanent gravity controlled outlstesy is planned to be built within the
next 5 years. These must be designed and bulit avisump pit as well as a back-up
pump. The pump must be of sufficient capacitgitain the retention pond in seventy-
two (72) hours or less

1.11.4 Sump Pumps
(a) Discharge from foundation drains or sump pumpst comply with all applicable
State requirements and those set forth in Secti212 of the City Code, which
prohibits discharge across the sidewalk or intomon any street, alley or gutter and of
Section 26-498, which prohibits connections toaarstdrainage facility to convey flows
other than storm drainage flows and uncontamingtedndwater flows.
(b) Discharge from sump pumps must be tied to thg'<Cstormwater system upon
approval from the Utilities Executive Director. |Ale-in points must be installed at
approved locations such as at a manhole or atlan iho direct tie-in to a storm drain

pipe will be allowed. Sump pump discharge flows oaly be released into a stormwater
conveyance system (such as pipes, channels or ygpetsfically designed and approved
by the City to accept such discharge. Please tefSection 26-214 of the City Code for
further guidance.

Conveyance or Detention on Private Singlemily Lots

1.13

In designing drainage systems, the City requiras o undue burden be placed on the
owners of single family lots by the placement afyé&a storm drainage conveyance or
detention facilities on their property. In ordergrevent or minimize such occurrences
all storm drainage channels, pipes or detentioilittas serving more than three (3)
properties must be located within tracts dedicagedrainage easements to the City.

Lot Grading

(@) The City requires that there be a positivedgraway from all structures. More
specifically, the City requires that there be aimimm grade of five percent (5%) away
from a structure within the first five to ten femtjacent to single family residences.

(b) Minimum grades required for different typesshieet flow drainage surfaces are as
follows:

Grass swales Two (2) percent

A one percent (1%) longitudinal slope grass swadg e allowed on single family lots
when the swale is draining the runoff from only tadjoining properties.

Asphalt One (1) percent
Concrete One half (0.5) percent

(c) The top of foundation elevation for a struetumust be set a minimum of six (6)
inches above the highest grade surrounding thetstru



1.14 Use of Criteria, Amendments, Technical R&asrons and Administrative Modifications
of Standards

(a) All public or private storm drainage facilgieegulated by the City must be planned
and designed in accordance with the standards wtiediac set forth in this Stormwater
Criteria Manual.

(b) The Stormwater Criteria Manual may be periattjcrevised and amended, either by
approval of the City Council of the City or by Teital Revision approved by the
Utilities Executive Director in accordance with Sea 26-500 of the City Code, as new
technology is developed and, as experience in damthe use of the criteria.

(c) The purpose of this Manual is to promote thalthe safety, welfare, and property of
the City and citizens through the proper contral &reatment of stormwater, (whether
above or below surface); and, to ensure uniforinityerformance with respect to design
and construction of all drainage facilities. Consagtly, when the Ultilities Executive

Director determines that an applicant has madefficisnt showing that an alternate

design, analysis or procedure would meet the pegpo$ a specific requirement of this
Manual in a manner and to an extent equal to deb#tan would compliance with the
specific requirement the Utilities Executive Dirgctnay authorize a modification of the
standard to allow for the use of the alternativesigle analysis or procedure, as
applicable.

(2) Section 2.11 is amended to read as follows:

2.11 Historic Drainage and Easements

(@8 Whether or not natural drainageways are desticaor otherwise formally
recognized, these are considered the most appt®oization of stormwater conveyance
systems. Historic and natural drainage paths &adrels are recognized as easements
for storm drainage conveyance.

(b) Even when historic drainage is accomplishedneans of sheet flow, it is reasonable
to assume that after site development, flows wélldhannelized and concentrated at a
point, and an easement for the concentrated flolsesists to the extent of its historic
use for the conveyance of stormwater.

(3) Section 2.12 is amended to read as follows:

2.12 Off-Site Flows

(@) The only way to maintain truly historic drageaflows is to prohibit all future
development. “Reasonable” development is alloveetbsg as any increase or change in
runoff does not injure downstream properties. Wiaster Drainage Plans, as adopted by
City Council, establish the most “reasonable” dagim system for the entire basin. All
proposed developments are required to be planngd@mstructed in conformance with
the approved Master Drainage Plan(s).

(b) Downstream properties have an obligation toept off-site flows from upstream
properties. This obligation includes future depeld flows provided they are the result
of “reasonable” development upstream in compliamdéh the applicable Master
Drainage Plan for the upstream property and dorestilt in any injury or have an
adverse impact on the downstream property.

(c) Drainage easements are needed on the dowmgbtreg@erty when the upstream flows
entering that property are altered in quality, ditgnor character.




(d) If stormwater is being imported from one bagsinanother, or if a completely
artificial drainage path is being created alterihg historical flow patterns (in quality,
guantity or character) of an existing channel, tansgh easement argument cannot be used
to justify directing any additional drainage into @xisting drainage channel.

(e) New improvements that affect or have an impgecin existing drainage easements
must preserve and maintain those easements.

(4) A newSection 2.13 is added, to read as follows:

2.13  Watershed Approach to Stormwater Managenmgd

(@) The City has initiated a “Watershed Approath’stormwater management. This
program includes three major watershed componewtsssociated objectives:

() Land — The objectives of this component idyt@n prevention, including
public education, regulation, and enforcement.sThaccomplished through
implementation of the City’'s Municipal Separater8t@Gewer System (MS4)
permit, as described in Section 4.1.7, “Water Qtyaahd Quality Integration” in
this chapter.

(i) Tributaries — The objectives of this compohare stormwater treatment and
pollutant load reduction and include the developnwrdesign criteria for “Best
Management Practices” (BMPs).

(i) Receiving Waters — The objectives of thigrgmonent are aimed at stream and
habitat protection and restoration and includectieation of buffer zones on creeks
and natural drainageways.

(b) The water quality protection regulations asc#fied in this Manual are primarily
directed at the Tributaries component of this appho This includes BMPs for erosion
control during construction and post-constructiomtmols for new development and re-
development. These BMPs are intended to be locatesite and therefore address runoff
from development or re-development sites or fromm@rblic improvements.

(c) Any public or private improvement that hasimapact on receiving waters must be
constructed in accordance with the criteria spedifn this Manual, the City’'s Master
Drainage Plans, the City Land Use Code, and angradipplicable State or Federal
regulations such as the United States Army CorpErafineers (USACE) 404 permit
requirements.

(d) Runoff generated from any public or privateoimvement and directed into historic
and natural drainageways must be done in a matma¢rwould promote the multi-
functional use of these drainageways, protect astiore their natural functions and
enhance their aesthetic value.

(e) Natural drainageways, creeks or streams arsidered important community assets
that contribute to the aesthetic value and thebilitp of the urban environment. Their
function extends beyond that of conveying floodwate their use as trails and open
space corridors, for water quality protection amthamcement, and to preserve natural
vegetation and wildlife habitat to the greateseakpossible.

() Public or private improvements located in agan receiving waters, must not
adversely affect the natural character of the strea water course. To that effect, the
following provisions must be met:



® Pollutant reduction and treatment facilities mustldcated upstream of
streams and natural drainageways.

(i) Natural drainageways must remain in as near a alatstate as
practicable.

(i) Any proposed maodification, including any erosiortiggditing measures,
must be designed and constructed in a manner ttbigcps and enhances
the natural character of receiving waters. Suchlifitation must be
addressed in the Drainage Report and clearly shmwthe associated
Drainage Plans

(5) A newSection 2.14 is added, to read as follows:

2.14

Erosion and Sediment Control

(6)
@)
(®)
(©)

The clearing and stripping of land for developmear cause high, localized soil erosion
with subsequent deposition and damage to off-sdpgrties and to receiving waters.

The City requires an “Erosion Control Plan”, beganeed and implemented for all public
improvement projects, private development projectd all redevelopment projects in
accordance with the criteria set forth in VolumeCBapter 7, “Construction BMPs”, of
this Manual. The terms “development” and “redepetent” are as defined in the City
Land Use Code.

The purpose of implementing this policy is to mifgenthe impact of construction to an
acceptable level without placing undue burdens npublic or private infrastructure,
downstream drainageway(s), or the community in ggne

Section 3.1 is deleted in its entirety.
Section 3.2 is deleted in its entirety.
Section 3.3 is deleted in its entirety.

Section 4.1.2 is deleted in its entirety

(10) A newSection 4.1.7 is added, to read as follows:

4.1.7 Water Quantity and Quality Integration

(a) The public’'s concerns with stormwater arelmoited to flooding and public safety.
Stormwater runoff can have a significant and Igstimpact on the City's receiving
waters. This impact is reflected not only in theality of streams and aquatic
ecosystems, but more generally in the qualityfefii the community.

(b) Pursuant to federal law and regulations ofuilf®. Environmental Protection Agency
(“EPA") operators of small Municipal Separate StofBewer Systems (MS4s) in
urbanized areas are required to obtain permit emeefor their stormwater discharges.
In Colorado, the Water Quality Control Division thie Colorado Department of Public
Health and Environment has primary enforcementa@iithover MS4 permits via the
Colorado Discharge Permit System. Pursuant teetheguirements, as an operator of an
MS4 the City is required to implement stormwatemagement programs, which must
include the following program elements:

1. Public Education and Outreach — The city must imygliet a public education
program in an effort to promote behavior changehwgy public to reduce water



quality impacts associated with pollutants in steater runoff and illicit
discharges.

2. Public Participation and Involvement — The city npsovide a mechanism and
process to allow the public to review and providput on the MS4 Stormwater
Management Program.

3. lllicit Discharge Detection and Elimination — Théycmust implement and
enforce a program to detect and eliminate illiggctarges (non-stormwater
discharges to the MS4), including procedures facifig and removing the source
and training for municipal staff.

4. Construction Site Runoff Control — The city mustvelep and implement a
program to assure adequate design, implementatshinaintenance of BMPs at
construction sites within the MS4 to reduce pohitdischarges and protect
water quality.

5. Post-Construction Stormwater Management in new [Deweent and
Redevelopment — The city must implement and enfarqggogram to address
stormwater runoff from new development and redgwelent projects that
discharge into the MS4. The program must ensuasie ¢bntrols are properly
designed, installed, and maintained to preventinimize water quality impacts.

6. Pollution Prevention/Good Housekeeping for Muniti@gerations — The city
must implement an operation and maintenance prodcaprevent or reduce
pollutants in stormwater runoff from municipal oatons, including written
standard operating procedures for stormwater potluprevention and training
of municipal staff.

(c) Requirements numbered 4 and 5 above are agdrgsimarily through this Manual,
reviewed through the City's development review psx; and implemented through the
City's Municipal Separate Storm Sewer System (“MS4bnstruction and post-
construction inspection and enforcement program.

(11) Section 4.3.4 is amended to read as follows:

4.3.4 Maintenance and Maintenance Access

(a) All drainage facilities must be designed tmimize the need for facility maintenance
and must provide for ease of maintenance acceal$ $torm drainage facilities in order
to ensure the continuous operational function efdystem.

(b) Maintenance access for all stormwater congnodl treatment facilities must be
adequate and must be clearly delineated on thd Fiahand on the Final Development
Plans for any development. Maintenance responyilmiust be clearly described on the
Final Plats and on the Final Development Plans.

(c) Stormwater control and treatment facilitiesstnbe continually maintained to ensure
their long term operational effectiveness. Maiatere of storm drainage facilities
includes, but is not limited to the regular perfamoe of the following activities:

() Sediment and debris must be periodically reetbfrom channels, storm
sewers and stormwater treatment facilities.

(i) Trash racks and street inlets must be cleafattbris.

(iii) Pipe inlets and outlets must be regularlysfied.



(iv) Channel bank erosion or damage to drop strastmust be repaired to avoid
reduced conveyance and treatment capability, utisighs, and ultimate failure.

(d) The owner of the

drainage facility is respoiesifor the maintenance of all

components of the drainage system located on fireperty; including inlets, pipes,
culverts, channels, ditches, hydraulic structurdstention basins or other such
appurtenances unless modified by the developmeeeagent or as described in City

Code Section 26-547.

(e) Should the owner or responsible party faihtdiequately maintain said facilities, the
City has the right to enter said property for thepose of maintenance as described in
City Code Section 26-22. All such maintenance coslisbe assessed to the property
owner in accordance with City Code Section 26-28.

(H Required minimum

widths of drainage easetmeor common types of drainage

facilities are listed in Table-DP-4.

Table — DP-4

Required Maintenance Easements

DRAINAGE FACILITY

MINIMUM EASEMENT WIDTH

Storm Sewer
(a) Storm Sewer Diameter < 36 inches
Depth to Invert less than5 feet
5 feet < Depth to Invett10 feet
Depth to Invert greater than 10 feet
(b) Storm Sewer Diameter= 36 inches
Depth to Invert less than 5 feet

5 feet < Depth to Inver 10 feet

Depth to Invert greater than 1

feet

20 feet
30 feet

Minimum of 30 feet or Pipe I.D. + 6 + Depth * 2 (ieet)

Minimum of 20 feet or Pipe I.D. + 7 + Depth * 2 (ieet)
Minimum of 30 feet or Pipe I.D. + 7 + Depth * 2 (ieet)

0 Pipe I.D. + 7 + Depth*2 (in feet)

Open Channel/Swales
100-Year Discharge less than 20 cfs
20 cfs< 100 year Discharge < 100 cfs

100-Year discharge greater than 100 cf

Minimum of 15 feet or Top Width of Channel With Etmard + 10 fee
Minimum of 25 feet or Top Width of Channel With Eteard + 10 fee

sMinimum of 30 feet or Top Width of Channel With El®ard + 10 feg|

Detention Ponds

As required to contain storage, freeboard, andcéatsal facilities plus

adequate maintenance access around perimeter

1C



(g) Smaller drainage easements widths are all@l@t residential lot lines (five feet to
ten feet on each side), when these are for swalekamnels that carry a limited amount
of drainage, and drain at the most three residdota

(12) A newSection 4.3.5is added, to read as follows:

4.3.5 Open Channels

(a) Developments in or near major runoff chanirelsnd near developing areas must be
designed to maintain channel stability. Developtsém and near major runoff channels
must adopt measures to ensure that excessive rrdsas not occur under peak flood
flow conditions.

(b) Realignment of natural channels in urban area®t encouraged and may only be
permitted if the City approves a design that maistastream stability and aesthetics,
enhances or improves the ecological charactereoh#ttural channel and prevents failure
and erosion under peak flow conditions.

(c) The City prohibits the use of backyard swalagesidential lots where these can be
physically avoided. Where these cannot be avoitledto physical or grade constraints,
they must be designed in a manner that will minerttze basin area contributing to the
backyard swale. Backyard swales must not receiveffurom more than three (3)
residences.

(d) Residential lots that include backyard swalefe subject to “Certification” as
defined in Section 7.1.12.3 of this chapter, “Giedtions for Single Family
Developments” as well as fencing restrictions thaiuld prohibit the impedance of
drainage flows from one residential lot to an adigoone. Fencing restrictions must be
recorded on the development’s plat, and the apja®pdeed restrictions on that plat
must be filed with Larimer County.

(e) The design of all open channels must compth il the appropriate provisions set
forth in Section 4.0, “Open Channel Criteria”, Vola 1, Chapter 7 “Major Drainage”, of
this Manual.

(13) Section 4.5.4 is amended to read as follows:

4.5.4 Water Quantity Control

(a) Detention storage of stormwater runoff asal@e by individual Master Drainage
Plans and a hydrologic routing analysis is requitacbasins where a Master Drainage
Plan has not been approved, the City may requirentien storage in accordance with
the criteria set forth in this Manual as well asewlsuch storage is deemed necessary to
protect irrigation rights or structures or to paitdownstream properties. More specific
information about detention storage criteria arscdbed in Volume 2, Chapter 10,
“Storage” chapter of this Manual.

(b) Urban development is not permitted immediatkdywnstream of existing or proposed
emergency spillways or in areas that may act allwsgs for canals, dams, or
embankments impounding stormwater.

(c) On-site detention is required for all new depenent, expansion, and redevelopment.
The required minimum detention volume and maximetease rate(s) for the developed
condition 100-year recurrence interval storm mestbtermined in accordance with the

11



conditions and regulations established in the gofate Master Drainage Plan(s) for that
development and in accordance with the criteridasét in this Manual.

(d) On-site detention requirements may be deemedwhere the Utilities Executive

Director determines that an applicant has madédf@isat showing that existing regional

conveyance or detention facilities are sized with ¢apacity to accommodate flows from
a fully developed basin and are publicly owned amaintained, provided that any
requirements for cost sharing or reimbursemertieddity have been met.

(14) Section 4.5.5is amended to read as follows:

4.5.5 Water Quality Treatment

(&) Water quality treatment of stormwater runisffrequired, at a minimum, for land
disturbing activities greater than or equal to ba# an acre, including projects less than
one half an acre that are part of a larger comntem @f development or sale.

(b) On-site water quality detention requirements/rhe deemed met where the Utilities
Executive Director determines that an applicant tregle a sufficient showing that
existing regional water quality detention facil#tieare sized with the capacity to
accommodate flows from a fully developed basin areé publicly owned and
maintained, provided that any requirements for sbaring or reimbursement to the City
have been met.

(c) Water quality control and treatment can beieaad through the use of an array of
methods and devices as described in Chapter 4 \éolB, “Treatment BMPs” of this
Manual.

(d) Water quality treatment structures must bethnilcompliance with all applicable
City, State and Federal regulations.

(15) Section5.1.1is amended to read as follows:

5.1.1 Design Criteria

If a proposed development site is located withinasga encompassed within a Master
Drainage Plan, the criteria specified in the appate Master Drainage Plan will hold
precedence over the criteria set forth in this Maunuthe event these differ or conflict.

(16) Section 5.1.3is amended to read as follows

5.1.3 Use of Criteria

The City will make reasonable efforts to design aodd storm drainage improvements
and to evaluate the design and construction of@itndrainage improvements, based on
the criteria, standards and specifications seh fiorthis Manual.

(17) Section5.2.1isamended to read as follows

5.2.1 Design Storm Return Periods

(&) The 2-year drainage system, as a minimum, bristesigned to transport the runoff
from the 2-year recurrence interval storm evenhwitinimal disruption to the urban
environment. The 2-year storm runoff can be conelégethe curb and gutter area of the
street or roadside ditch (subject to street clasdibn and capacity), by a storm sewer, a
channel, or other conveyance facility.
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(b) The 100-year drainage system, as a minimunst ihe designed to convey runoff

from the 100-year recurrence interval flood to mmizie life hazards and health, damage
to structures, and interruption to traffic and g=¥®. Runoff from the 100-year storm can
be conveyed in the urban street system, channilen ssewers and other facilities,

provided the conveyance is done within acceptatieria as specified in this Manual.

(c) Storms with recurrence intervals greater th@®@-year, must still be considered in the
drainage analysis, if only on a qualitative basis.

(d) All new public and private improvements mpktn, design, and construct drainage
systems that account for the 2-year storm evenefisas the 100-year storm.

(e) The 100-year storm event is the standard tefyerotection in the city of Fort Collins
unless otherwise specified by the applicable Md3tainage Plan.

(18) Section5.4.1is deleted in its entirety.

(19) Section5.5.1 is amended to read as follows:

5.5.1 Use of Ditches

(@) Stormwater facilities and improvements mustdesigned to avoid discharge of
runoff from urban areas into irrigation facilitiexcept as required by water rights or
where such discharge is in conformance with theaygol Master Drainage Plan. Where
these conditions are present, the responsible paust submit to the Utilities Executive
Director and the affected ditch company or othéecéd parties documentation of the
relevant water rights-related constraint or Mag&ieinage Plan condition. The Utilities
Executive Director may approve a modification agttequirement upon a determination
that sufficient showing has been made that a digehanto irrigation facilities is
acceptable to the affected ditch company and i€xpécted to result in harm or interfere
with the operation of affected stormwater managenpdems or systems, and that the
requirements for a modification have been met. Nbostanding the foregoing, whenever
irrigation ditches cross major drainage channelieveloping areas, the responsible party
must separate stormwater runoff flows from nornitlhdflows.

(b) Whenever development occurs where an irrigatlitch or facility is present, the
responsible party must provide adequate right-of-fea ditch maintenance as required
by the owners of the ditch or irrigation company.

(c) The City requires the appropriate ditch compargpproval wherever public or
private improvements cause any of the following:

(i.) Alteration of the existing patterns of drage into irrigation ditches;
(ii.) Increased flow rates or volumes dischdrgao the ditch;

(iii.) Changes in the quality of runoff entegithe ditch;

(iv.) Change in the historic point of dischaig® the ditch;

(v.) Any proposed ditch crossing(s) or relooafs);

(vi.) Any proposed grading within the ditchhtepf-way;

(vii.) Access to the ditch right-of-way duriegnstruction activities.

This approval may be in the form of signature an¢hnstruction plans or documents. If
determined by the Utilities Executive Director t@ Isufficient, other formal legal
agreements may be substituted for an approval tsighan the construction plans. The
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list above is not exhaustive and represents exampfecircumstances when ditch
company approval is required. Early contact witte@ed irrigation companies may be
beneficial.

(d) In the rare instance where an irrigation diglallowed to serve as the outfall for a
stormwater facility the following provisions mus met:

() The ditch flow water surface elevation must determined based on the
maximum amount of flow in the ditch.

(i) The water surface elevation of the ditch mbstobtained by combining the
maximum irrigation flow in the ditch with the 10@gr stormwater flows in the
ditch.

(i) The detention outlet must be designed suwdt backflow from the ditch
into the detention facility is prevented.

(iv) The backwater effects caused by the desiga detention outlet, if any,
must be reviewed and approved by both the City tned appropriate ditch
company.

(v) The outlet design must consider tailwater @feon the outlet pipe resulting
from the combination of the maximum irrigation flaand the 100-year storm
discharge within the ditch. The appropriate ditchirdgation company, is the
determining authority in regards to the maximumgation flow in the ditch.
Written verification of the maximum irrigation flofvom the ditch or irrigation
company must be submitted with the hydraulic anslgEthe ditch water surface
elevation.

(vi) The 100-year water surface elevation of tiiehdmust be determined using
the appropriate Master Drainage Plan or if notlabé, additional studies may
be required from the party seeking to discharge the ditch. For cases where
100-year discharges are not available, upstreatmictess can be considered for
determining ditch flows.

(e) If new developments are adjacent to irrigatfaailities but no flows are being
directed into the ditch or canal, the ditch compamyst be notified of the proposed
development. In such cases, ditch company apprsiall be required prior to any
approval by the City, unless the Ultilities ExecatiDirector determines that the
development will result in no impact on or to thiclkl company, that there will be no
impact on stormwater flows or improvements from daacent irrigation facilities, and
that the conditions for a modification of this r@@ment have been met.

(H The party seeking modifications to existingcti conditions must to obtain the
appropriate ditch company approvals and signatpries to seeking City approval for
such modifications.

(g) When privately owned and maintained irrigatfaailities abut private property, it is
the responsibility of the private parties involvea develop and implement a policy
regarding safety

(h) In summary, City requirements regarding the afsditches are as follows:
() Drainage analysis must ensure that an irmigmatiitch does not intercept the

storm runoff from the upstream basin and that fh&tream basin is tributary to
the basin area downstream of the ditch.
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(ii.) Plans for the development must direct therrst runoff into historic and
natural drainageways and avoid discharging intaragation ditch except as
required by water rights.

(iii.) Whenever new development will alter pattemf the storm drainage into
irrigation ditches by increasing or decreasing flates, volumes, or changing
points of concentration, the written consent frdm ditch company must be
submitted with the development applications. Thecliarge of runoff into the
irrigation ditch will be approved only if such disrge is consistent with an
adopted Master Drainage Plan and is in the bestast of the City.

(iv.)  Whenever irrigation ditches cross major demjeways within the
developing area, the developer is required to desgl construct the appropriate
structures needed to separate storm runoff fromhdftows subject to the
condition noted in item (ii.) above.

(v.) Whenever drainage that is less than the téstomount in quantity and rate
drains into an irrigation canal or ditch, such flavallowed to freely discharge
into the irrigation canal or ditch.

(20) Section 6.0 is amended to read as follows:

6.0

Review Process

(a) As it relates to drainage, all developmenppsals must be processed and approved
through the City's development review process inoagdance with the City Land Use
Code.

(b) Building Permit Applications, Overall Developmt Plans (ODPs), Project
Development Plans (PDPs), and Final Plans (FPsyl alh other development

applications submitted to the City under the Cigntl Use Code, must include storm
drainage, floodplain, floodway and erosion contnébrmation (in addition to any other

information required by applicable City Land Used€mr other related provisions) if the
development increases the impervious area in exxdfe3s0 square feet.

(c) An analysis and review of floodplain modificets may be necessary if the
development proposes to modify the floodplain ooflway.

(d) In addition to the submittals mentioned abavsijte certification must be submitted
to the City, as well as individual lot certificati® as appropriate.

(21) Section 6.1is amended to read as follows:

6.1

Conceptual Review

The Conceptual Review is an opportunity to discosguirements, standards, and
procedures that apply to a development proposainBuhe Conceptual Review, major
problems as they relate to drainage must be idedit#o that they can be resolved prior to
a formal application being submitted to the Cityt tAat meeting, the applicant must
furnish at minimum a sketch showing the locationesfsting and proposed streets,
drainage courses, drainage facilities and any atiggrificant natural features near the
proposed development.

(22) Section 6.2 is amended to read as follows:
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6.2 Overall Development Plan (ODP) Submittal Reguéments

An ODP is required for any property that is propbse be developed over time in at
least two separate project development plan sudlsiitThe purpose of the ODP is to
establish general planning and development comashmeters for these multi-phase
projects. The required drainage information premgrin an ODP submittal does not
normally entail a detailed drainage analysis of pheject but does require a general
presentation of the project’s features and effentsirainage. The drainage report for the
ODP must review at a conceptual level the feagjbdind design characteristics of the
proposed development. The drainage report musiriteen in accordance with the

outline contained in Section 6.4 of this chapteteli below and must contain all the
applicable information as described in that section

(23) Section 6.3 is amended to read as follows:

6.3 Drainage Plan Submittal and Review

All single family residences not in a previouslypapved subdivision, subdivisions
without a drainage plan, new multi-family developitge and commercial developments
with an increase in impervious area of 350 squeet ér greater must submit Drainage
Reports and Plans to be approved by the City.

When an Overall Development Plan (ODP) is requaadOverall Drainage Plan may
also be required. The detailed information contiive such Drainage Plan must be
consistent with the ODP. At a minimum, off-site offn conveyance locations, detention
ponds, outfall systems, and other drainage faaslitmust be shown on the Overall
Drainage Plan. Applicants are encouraged to prepapdan with as much detail as
possible. Please contact the City Stormwater Deyrt early in the process to
determine the detail level needed for that plan.

All 100-year storm floodplain boundaries must beveh on all preliminary and final
Drainage Plans and labeled in the NAVD 1988 and BGM29 (unadjusted) vertical
datum for FEMA basins. City basin base flood efieves must be reported in NGVD
1929 only.

Review and acceptance by the City of Drainage PkEosgies, and construction drawings
are required in order to obtain a final drainageteay that is consistent and integrated in
analysis, design, and level of protection to thy’€iMaster Drainage Plans.

Due to the dynamic nature of urbanization, the seddhe public will change with time,
requiring adjustment of design and constructionuimegnents. Therefore, a time
limitation on the approved construction plans shelas follows: construction of any
drainage facility not initiated within a three-ygaeriod from time of final plan approval
will be re-evaluated and be subject to a renewgdcsal by the City.

(24) Section 6.4 is amended to read as follows:

6.4 ODP Drainage Report Contents

Drainage report contents must contain at themminmi the following elements:
l. GENERAL LOCATION AND DESCRIPTION
A. Location
1. City, County, State Highway and local streetthimi and
adjacent to the site, or the area to be servetiddiainage
improvements.
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5.

2
3
4
Description of Property
1.
2
3
4

Township, range, section, ¥ section
Major drainageways and facilities
Names of surrounding developments

Area in acres

Ground cover (type of ground cover and vegetatio
Major drainageways

Existing major irrigation facilities such as dafies and
canals

Proposed land use

Il. DRAINAGE BASINS AND SUB-BASINS
Major Basin Description

A.

B.

1.

Reference to major drainageway planning stuslieh as
flood hazard delineation report, major drainageway
planning reports, and flood insurance rate maps

Major basin drainage characteristics, existind planned
land uses within the basin, as defined by the Rhann
Department

Identification of all nearby irrigation facil@s within 150-
feet of the property boundary, which will influenoe be
influenced by the local drainage

Sub-Basin Description

1.

2.

Discussion of historic drainage patterns of ghaperty in
question

Discussion of offsite drainage flow patterns angact on
development under existing and fully developed rbasi
conditions pursuant to zoning and land use plaoptad
by the City.

Soils information of the site shall be presentdtie
discussion on soils shall include rainfall and wind
erodibility problems, limiting characteristics, gredwater
depths, and suitability of the soils for developmen
Information shall be presented concerning concéptua
plans for controlling wind and rainfall erosion atite
effectiveness of establishing vegetation.

I, DRAINAGE FACILITY DESIGN
General Concept

A.

1.
2.

3.
4.

Discussion of concept and typical drainage padte
Discussion of compliance with offsite  runoff
considerations

Discussion of anticipated and proposed draipagerns
Discussion of the content of tables, chartsjrég, plates,
or drawings presented in the report

Discussion of the need to provide offsite public
improvements for conveyance of minor or major flaes
the major drainageway.
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B. Specific Details (Optional Information)

1. Discussions of drainage problems encountered and
solutions at specific design points

2. Discussion of detention storage and outlet aesig

3. Discussion of maintenance and access aspectheof
design

4. Discussion of impacts of concentrating the flow the
downstream properties

V. REFERENCES

Reference all criteria, master plans, and technidarmation used in
support of the concept.

V. APPENDICES

A. On-site and off-site flow calculations
B. Preliminary sizing of detention ponds, storm ey and
channels.

(25) Section 6.5is amended to read as follows:

6.5 ODP Drawing Contents

(@) General Location Map: All drawings must be 284" in size. A map
in sufficient detail to identify drainage flows ening and leaving the
development and general drainage patterns mustovédpd. The map
should show the path of all drainage from the upmgret of any offsite
basins to the defined major drainageways. The shafi identify any
existing and proposed facilities from the propd(itg., development,
irrigation ditches, existing detention facilitieslverts, storm sewers)
along the flow path to the nearest major drainagewa

(b) Existing and Future Land Use: Existing andposed vegetation and
landscaping must be shown to the extent that knmwvn at the ODP
level. Existing and proposed building footprintsarking lots,
sidewalks, and streets shall be submitted. If tetafi the proposed
information are unknown, the zoning as shown onQBEY° diagram is
acceptable.

(© Floodplain Information:  All 100-year floodptai and floodway
boundaries, cross sections, and base flood elevadiin®s must be
shown. Base flood elevations must be reported AvDI 1988 and
NGVD 1929 (unadjusted) vertical datum for all FEMyasins. City
basin base flood elevations must be reported in NAY29 only. All
floodplain requirements as detailed in Chapter flihe City Code shall

apply.
(d) Drainage Plan: Map(s) of the proposed devetgnat a scale of 1" =

20’ to 1" = 200" on a 22" x 34" drawing must be luinded. The plan
must show the following:
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1. Existing topographic contours at 2-foot maximumervals. In
terrain where the slope exceeds 15%, the maximuenvial is
10 feet. The contours shall extend 50 feet beyhadoroperty
lines or further, if necessary, to show the dragnegjationship
with the adjacent property.

2. All existing drainage facilities.
3. Approximate flooding limits based on availabiormation.
4, Conceptual major drainage facilities includiregahtion basins,

storm sewers, streets, culverts, channels, swalasp, and
hydraulic structures in the detail consistent vitib proposed
development plan.

5. All watercourses, rivers, wetlands, creeksgation ditches or

laterals located within 150 feet of the property.

Major drainage boundaries and sub-boundaries.

Any offsite feature influencing development.

Proposed flow directions and, if available, megd contours.

Legends to define map symbols.

0. All water quality on-site detention facilitiesquired for every
new development and redevelopment must be desdjoatéhe
plans, including notes indicating the approximai€face area
and volume of the facilities.

Hoxo~No

(26) Section 6.6 is amended to read as follows:

6.6

Project Development Plan (PDP) and Building &mit Submittal Requirements

A PDP is needed after the ODP if the project wdldompleted in phases, or a PDP is
needed after the Conceptual Review if the projatitbe completed in only one phase.

The PDP submittal shall contain a general desoripdif the existing and proposed land
uses and layout of the site. All Building Permito&ss submittals have the same
requirements as the PDP requirements.

All analyses and designs of storm drainage systeitisn the City limits of Fort Collins
must be submitted to the City for review and mustam the City's written approval
before any phase of construction. PDP submittatbeéaStormwater Utility must consist
of two copies of a Drainage and Erosion Control d?emvith one set of engineering
drawings containing the necessary information.

The information and calculations contained withire tDrainage Report and Erosion
Control Report must be presented in a neat andlgridqeshion to facilitate review.

All reports must be stamped and signed by a Cotoliadnsed professional engineer and
must include, at the minimum:

e acover letter indicating the date

« the name of the project or subdivision

e avicinity map

» the name of the engineer(s) designing the site
» astatement of compliance with this Manual.

Detailed engineering drawings must be includedhi Drainage Report supporting the
information and calculations provided in the report
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All PDP submittals must indicate whether any partaf the development site is located
within or is directly adjacent to a FEMA or City signated floodplain. In the event
where any portion of the development site meet$ doadition, then the proposed
development plan must comply with all applicablofiplain regulations as specified in
Chapter 10 of City Code, “Flood Prevention andi&urtion”.

(27) Section 6.7 is amended to read as follows:

6.7 PDP Drainage Report

6.7.1 Report Contents

The Report must be formatted in accordance witHfdahewing outline and must contain
all the applicable information listed below and e requirements of Vol. 3, Chapter
7, “Construction BMPs.”

l. GENERAL LOCATION AND DESCRIPTION
A. Location

1. Vicinity Map: A map showing the project location within
the City. The project area shall be shaded, majarial
streets labeled, the major water courses and \baidies
shall be labeled, and the City’'s drainage basinhttiasite
is located in shall be labeled. The map shall beéramum
size of 6 inches by 6 inches with a scale rangiomfl” =
1000’ to 1" = 3000'. The vicinity map shall be Ided
directly after the table of contents of the dramagport.

2. Township, range, section, ¥4 section

3. Local streets within and adjacent to the suls@iw with
ROW width shown.

4, Major drainageways, facilities, and easementhimior
adjacent to the site.

5. Names of surrounding developments

B. Description of Property
1. Areain acres
2. Ground cover (type of trees, shrubs, vegetatigmeral

soil conditions, topography, and slope)

3. Major drainageways
4.  General project description
5. Irrigation facilities
6. Proposed land use
C. Floodplain Submittal Requirements
1. “City of Fort Collins Floodplain Review Checklisbif 50%

Submittals”

Il. DRAINAGE BASINS AND SUB-BASINS
A. Major Basin Description
1. Reference to major drainageway planning stuslieh as
flood hazard delineation reports, major drainageway
planning reports, and flood insurance rate maps

2C



B.

2.

Major basin drainage characteristics, existind planned
land uses

Identification of all irrigation facilities witih the basin,
which will influence or be influenced by the lochhinage
design

Sub-Basin Description

1.

2.

Discussion of historic and proposed drainageepat of
the property in question

Discussion of offsite drainage flow patterns angact on
development under existing and fully developed rbasi
conditions

I, DRAINAGE DESIGN CRITERIA

Regulations: Discussion of the optional promis selected or
the deviation from the criteria, if any, and itstj€ication.
Discussion on how the Directly Connected Impaugi Area
(DCIA) is being minimized and or disconnected amstassion
on how compliance with the “Four Step Process” &nd
implemented.

Development Criteria Reference and Constraints

A.

B.

1.

Discussion of previous drainage studies (i.egjegt
master plans) for the site in question that infaesor are
influenced by the drainage design and how the pigin
affect drainage design for the site.

Discussion of the effects of adjacent draindgdiss.
Discussion of the drainage impact of site camsts such
as streets, utilities, rapid transit, existing stmwes, and
development or site plan.

Hydrological Criteria

Identify design rainfall

Identify runoff calculation method

Identify detention discharge and storage -caliula
method

Identify design storm recurrence intervals

Discussion and justification of other assumpgtioar
calculation methods used that are not referencethby
criteria.

Hydraulic Criteria

1.
2.

3.

Identify various capacity references

Discussion of other drainage facility designesia used
that are not referenced in the criteria

If there are proposed modifications to areashiwithe
100-year floodplain or floodway, a “Floodplain Mdiig
Report” must be submitted

If there are proposed modifications to a natural
drainageway where a 100-year floodplain has nonbee
designated, a “Floodplain Modeling Study” must be
submitted
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F. Floodplain Regulations Compliance
1. Complete a “City of Fort Collins FloodpidReview
Checklist for 50% Submittals” that clearly staties t
intent to comply with all applicable City of Forbllins
floodplain regulations as specified in Chapter f.the

City Code.
G. Modifications of Criteria
1. Identify provisions by section number for which

modification is requested
2. Provide justification for each modification regted

V. DRAINAGE FACILITY DESIGN
A. General Concept

1. Discussion of concept and typical drainage padte

2. Discussion of compliance with off-site  runoff
considerations

3. Discussion of the content of tables, chartsjrég, plates,
or drawings presented in the report

4, Discussion of anticipated and proposed draipadgerns

B. Specific Details
1. Discussion of drainage problems encountered and

solutions at specific design points
2. Discussion of detention storage and outlet desig
3. A summary table for each detention storagedpon the
site to include:
e Stage-Storage Curve
» Stage-Discharge Curve
» Detention Pond Volume Required
» Detention Pond Volume Provided
e Water Quality Capture Volume (WQCV)
»  Water Quality Elevation
e Spillway Elevation
* Pond Freeboard
e Outlet(s) size(s)

4, Discussion of maintenance access

5. Discussion of easements and tracts for draipaggoses,
including the conditions and limitations for use

6. Discussion of the facilities needed offsite ftne
conveyance of minor and major flows to the major
drainageway

V. CONCLUSIONS
A. Compliance with Standards
1.  Compliance with Fort Collins Stormwater Criteklanual
2.  Compliance with the City’s Master Drainage P&n(
3.  Compliance with the City's floodplain regulatsn
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B.

4.

Compliance with all State and Federal regulation

Drainage Concept

1.

2.

Effectiveness of drainage design to control dgamiom
storm runoff

Influence of proposed development on the Master
Drainage Plan recommendation(s)

VI. REFERENCES
Reference all criteria and technical informatioedis

VIl.  APPENDICES
Hydrologic Computations

A.

1.
2.
3.

4.
5.

Land use assumptions regarding adjacent preperti
Initial and major storm runoff at specific desigpints
Historic and fully developed runoff computatiora
specific design points

Hydrographs at critical design points

Time of concentration and runoff coefficients feach
basin

Hydraulic Computations

1.
2.

Culvert capacities

Storm sewer capacity. Allowable models include
StormCAD, UDSewer, FlowMaster, and Extran. Other
models will be accepted on a case by case basis iy
approval from the City

Street flow calculations for the 2-year and 8@r events
regarding street encroachment, theoretical capaaity
allowable gutter flow

Storm inlet capacity including inlet control irgt at
connection(s) to storm sewer system

Open channel design

Check dam and/or channel drop design

Detention facility design including area/voluroapacity,
outlet capacity, soil analysis, and ground watdsleta
elevations

Downstream/outfall system capacity to the major
drainageway system

Design of erosion protection measures for ctsyeand
storm sewer outlets.

Letters of intent to acquire all necessary a#-sasements

Water quality design calculations

Printed copies of input and output files for @mputer models
used in the analysis and design

Digital copies of input and output files for atbmputer models
used in the analysis and design
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6.7.2 PDP Engineering Drawings for Drainage Repts

The drawings must contain all the applicable infation listed below and meet the
requirements of Vol. 3, Chapter 7, “Construction B84 All drawings shall be prepared
by a Colorado licensed civil engineer and must e weproducible medium of one or
more sheets with an outer dimension of twenty-fmuthirty-four (22x34) inches. Please
note that if feasible and legible the Grading P&nd Erosion Control Plan can be
combined.

The plan set should include the following sheets:
a) Vicinity Map

b) Drainage Plan

c) Floodplain Plan

d) Grading Plan

e) Erosion Control Plan

The Drainage and Erosion Control Report and aswmtidrawings must include the
following information in aggregate:

a)
b)
c)
d)

e)

)

)

h)
)

The name of the subdivision or project.

The date of preparation, the scale, and symégibdating true north.

The boundary lines of the subdivision or pragje@ht-of-way lines of streets,
easements and other rights of way, irrigation @itchdetention ponds,
watercourses, and lot lines, with accurate beadmgsdistances.

Designations of all streets and other rightsmvafy, including dimensions and
names of such streets.

The location and dimensions of any easements.

All required floodplain information and studies specified in the City of Fort
Collins Floodplain Review Checklist for 50% Devetognt Review Submittals.
Existing and proposed contours at two foot k. Spot elevations or one foot
contours where two foot contours do not show onpttoperty or where needed
to depict the grading. Spot elevations may be reb@uleritical areas, especially
adjacent to existing developed property.

The location, size, and type of all storm sewers

The location, size, and type of all inlets, &gsns, manholes, and other storm
sewer appurtenances.

Profile views for all subsurface drainage fawk showing their size, slope,
lengths, design storm hydraulic grade lines (2-yaat 100-year), cover, details
of structures or City Standard details, and reteidp with existing utilities.

The location, size, and type of all culvertgliming box culverts.

The location, size, and type of all open chasnieicluding irrigation ditches with
profile views where applicable.

The location, size, and type of all existinditigis.

Cross-sectional views of all open channels,uidiclg irrigation ditches, trickle
channels, spillway structures, etc. These views tminslude applicable
easement/right-of-way boundaries and water sur@eations such as the 100-
year storm depth, 2-year storm depth, major stareeboard, and operating
irrigation level.

Capacity, discharge, outlet structure, spillwgysrmanent pool water level (if
any), and 100-year high water level for all detamtponds, including both the
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Q)

water quality and water quantity elevations. Createching of the area inundated
by the 100-year water surface elevation is reconteen
Water surface profiles for all major open chdsner as required.
Show the lowest floor elevation (the basemembrflelevation or the bottom of
the crawl space) and grade at foundation elevatansll buildings. Grading
away from the foundation within the first 5 feefamnt to the building shall be a
minimum of 5%. In residential developments, alsovjie lot corner elevations
and any grade break elevations critical to the iggpdoncept. The minimum
opening elevations are also required for all Idtat tare adjacent to a major
drainage channel, a detention pond, or a water,mmdgcated in or adjacent to a
floodplain.
Spot elevations critical to describe drainagetdees and their function (e.g.,
inlets, cross pans, spillways, inlets/outlets ofnhwdes, culverts, and storm
sewers).
Drainage sub-basin boundaries and concentratimts for the developed site
clearly delineated and labeled.
A summary table of site hydrology, including sifé flows entering the site for
the 2-year and 100-year design storms, basin nunlmsin areas, runoff
coefficients, and onsite flows for the 2-year af-Year design storms at the
concentration points.
A summary table for each detention pond on ifeet@ include:

» Stage-Storage Curve

e Stage-Discharge Curve

» Detention pond volume required

e Detention pond volume provided

»  Water Quality Capture Volume (WQCV)

»  Water Quality Elevation

e Spillway Elevation

* Pond Freeboard

e Outlet(s) size(s)
A vicinity map showing the project location withthe city. The project area
shall be shaded, and major arterial streets lab&leel map shall be a minimum
size of 6" x 6", with a scale ranging from 1"=10@D1"=3000’.
Letters of intent to acquire all necessary tdfgiasements shall be included with
the submittal
If SWMM modeling is used, a sub-basin map ar@VéMM schematic diagram
are required to depict the sub-basins and conveyalenents represented in the
model.
General notes relating to the design of thénadige features of the development
are required on the utility plan cover sheet. (Aiddal notes are required by
other departments, such as Engineering and Watst&iater.) The required
drainage notes are as follows:

1) All street, sanitary sewer, storm sewer and mwatmnstruction shall
conform to City Standards and Specifications curatmate of execution
of the Development Agreement pertaining to this eli@yment. Any
construction occurring three years after the exeouf the development
agreement shall require re-examination of the planthe Director who
may require that they be made to conform to stafsdand specifications
current at that time.
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2)

3)

4)

5)
6)

7

8)

9)

The type, size, location, and number of all knamderground utilities
are approximate as shown on the drawings. It sfgathe responsibility
of the contractor to verify the existence and lmeabf all underground
utilities along the route of the work. Before commoi@g new
construction, the contractor shall be responsibleldcating unknown
underground utilities.

These plans have been reviewed by the City focept only. The

review does not imply responsibility by the reviagidepartment, the

City Engineer, or the City for accuracy or corres®s of the calculations.

Furthermore, the review does not imply that thentjtias of the items

on the plans are the final quantities required.e Téview shall not be

construed in any reason as acceptance of finaresabnsibility by the

City for additional quantities of items shown tinady be required during

the construction phase.

Prior to the commencement of any constructibe,dontractor must give

the City Engineering Department (970-221-6605) ahd Erosion

Control Inspector (970-221-6700) twenty-four (24puls advance-

notice. Initial erosion control measures must bstalled and a site

inspection by the Erosion Control Inspector is iexfi before
commencing construction activities.

Maintenance of onsite drainage facilities shalthe responsibility of the

property owners.

All recommendations of the final drainage anols@m control study for

this development by (Engineering Firm) must be met.

Prior to final inspection and acceptance by@lity, certification of the

drainage facilities by a Colorado registered praifggal engineer must

be submitted to and approved by the City Stormw#@epartment.

(including the applicable note as set forth below)

For commercial and multi-family developmentsertification of all
drainage facilities shall be submitted to the CByormwater
Department at least two weeks prior to the reledsecertificate of
occupancy. Individual lot certification, elevatiasertification, or
floodproofing certification, as specified in the vé®pment
agreement, must be submitted to the City Stormwaegrartment at
least two weeks prior to the release of a certifiad# occupancy for
such lot.

For single family developmentgertification of all drainage facilities
must be submitted to the City Stormwater Departnreaiccordance
with all conditions as prescribed by the developmagreement
associated with this development. Individual lotrtifieation,
elevation certification, or floodproofing certifitan, as specified in
the development agreement, must be submitted to Gitg
Stormwater Department at least one week prior ¢éoréhease of a
certificate of occupancy for such lot.

If dewatering is used to install utilities, adicharge will be into the
street, gutter, storm sewer, channel, irrigatidohdior any waters of the
State a State Construction Dewatering Industriabti@ater Discharge
Permit is required.

All land disturbing activities greater than equal to one acre must
comply with the State of Colorado permitting pracdsr Stormwater
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Discharges Associated with Construction Activitgr fnore information
contact the Colorado Department of Public Healtd &mvironment,
Water Quality Control Division, at 303-692-3500refer to the web site
at http://www.cdphe.state.co.us/wg/PermitsUnit/

10) Benchmark: City of Fort Collins Vertical Conttocated at the Elevation
= feet, City of Fort Collins Datum.

11) If fill or dredged material is discharged intaters of the United States, a
USACE 404 permit is required.

12) If construction affects any Colorado Highway;@orado Department of
Transportation right-of-way permit is required.

(28) A new Section 6.8 is added, to read as follows

6.8

PDP Erosion Control Report and Plan

(29)

6.9

An Erosion Control Report and an Erosion Contr@nPinust be prepared for all land
disturbing activity subject to this Manual for asethat are greater than or equal to ten
thousand (10,000) square feet in area and less fthanto one (4:1) slopes except
emergency work or where construction activities \aithin fifty (50) feet of the outer
limits of sensitive areas. This includes but i$ limited to floodplains, slopes, riparian
corridors, wetlands, lakes, or irrigation ditchesaid report and plan must be prepared in
accordance with the specifications set forth in Wieé 3, Chapter 7, “Construction
BMPs”, of this Manual. Land disturbing activityfees to any activity that results in a
change in the existing soil cover (both vegetatimd non-vegetative) and/or the existing
soil topography including but not limited to, clemy, grading, excavation, demolition,
installation of new or improved haul roads and asaeads, staging areas, stockpiling of
fill materials, and borrow areas. It does not ideluroutine maintenance to maintain
original line and grade, hydraulic capacity, or thigjinal purpose of the facility.

A newSection 6.9 isadded, to read as follows:

Final Plan (FP) Submittal Requirements

After the PDP submittal has been approved, thei@pylcan present the FP submittal to
the City. The FP is the site-specific developmdahpwhich describes and establishes
the type and intensity of use for a specific depelent.

The FP submittal shall contain one set of the Vailhg:
a) A statement of compliance to the approved PDP.

b) All easements in final form (except City signatQrasist be submitted with
the FP submittal.

c) Any necessary revisions to the PDP Drainage Repattdrawings and to the
Erosion Control Report and drawings.

d) Final construction drawings.

e) A statement of compliance with all floodplain regunents specified in
chapter 10 of the City Code as well as the conpietiCity of Fort Collins
Floodplain Review Checklist for 100% Developmenviges Submittals”

Upon approval of the Final Plan, three final Drgi@and Erosion Control Reports and
one complete set of construction drawings must bet so the City Stormwater
Department. The Engineering Department will requadditional copies for other
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departments. One copy of the report must includéadicopies of the input and output
files for all computer models used for the analysisl design. In addition, one copy of
the Erosion Control Plan with details must be sutadito the Erosion Control Inspector.

All guidelines and requirements as specified in @@&a 10 of the City Code must be
satisfied. All requirements identified in the doment titled “Guidelines for Submitting
Floodplain Modeling Reports” must be completed smldmitted.

(30) A newSection 6.10 is added, to read as follows:
6.10 _ Floodplain Modeling Reports

(32) A newSection 6.11 is added, to read as follows:
6.11 Drainage Cetrtification

All new developments are required to submit forieevand approval, an overall site
certification of the constructed drainage facittiecThe overall site certification must
specify the proposed and the as-built conditionghef site’s drainage facilities. Any
variation from the approved plans must be notedmngen to function properly within
the standards in this Manual. Supporting calcutettito justify any variation from the
approved plans shall be provided, including but hstited to, detention volumes,
detention discharge rates, pipe capacities, chacapcities, water surface and lowest
opening elevations, and swale capacities.

The City will review the certified record drawingformation with the construction
drawings. A Certification will only be accepted if

1. The record drawing information demonstrates thatcttnstruction complies with
the design intent.

2. The record drawings are certified by both a reggstgrofessional land surveyor
and a registered professional engineer in the efa@®lorado.

3. There is a compliance statement by the professenmgiheer.

Any discrepancies between the original drainage ptad the constructed system
need to be discussed and shown to function witéncriteria set forth in this
Manual. If the construction does not comply withe tcriteria, the design
engineer must redesign the drainage faciliies qut@h and revise the
construction plan mylars to correct the deficieacie

5. All Floodplain certifications required by theity’'s Floodplain Administrator
must also be included. These may include FEMA &ilien or Floodproofing
Certifications and No-Rise Certifications and dnestdocuments as specified in
Chapter 10 of the City Code.

6.11.1 Overall Site Certifications

This type of certification is for the overall sidrainage facilities shown on the
construction plan drawings. The construction plamgether with the development
agreement identify when and what facilities mustckedified and how many building
permits and/or Certificates of Occupancy (“Cos”g allowed prior to certifying the
facilities. Twenty-five percent of the building npgits can be issued prior to acceptance
of an overall site certification. In multi-familpuilding projects the overall site
certification must be accepted before or at theeséime as the release of the first
certificate of occupancy in that phase.
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6.11.2 Certifications for Commercial and Multi-Family Developments

Individual lot or building certification is requidebefore the release of a Certificate of
Occupancy (“CQO”"). Certification of all drainagecfities must be submitted to the City
at least two weeks before the release of a CO.

6.11.3 Certifications for Single Family Developmnts

Certification of all drainage facilities must bebsuitted to the City at least one week
before the release of additional building permitsthiose allowed by the development
agreement. The development agreement for singléyfatavelopments usually allows

for the release of 25% of the total building perndih overall site drainage certificate
shall be submitted and approved by the City befloeerelease of any remaining building
permits in the development as specified in the ldgwaent agreement. Individual lot

certifications are required prior to the releasea dfertificate of Occupancy (“CQO") for

any lot.

6.11.4 Individual Lot Certifications

Certification may be required for individual lots &nsure lot grading was completed
according to the approved grading plan. Lots reagicertification will be specified in
the development agreement. A lot certification nalstw the proposed and the “as-built”
conditions of the lot grading, including corner &évations, high points, side-lot swales,
drainage patterns, and minimum building openingatiens.

It must include separate discussions of the int#nthe grading on the previously
approved grading plan as well as the final gradieing certified. If the final grading
matches the approved plan there must be a stateafecbmpliance or if not an
explanation of what is different and why. In thidacase, the changes must be justified
or explained in order to obtain City approval amg trelease of the Certificate of
Occupancy (“CO").

For properties within floodplains, a flood-proofing elevation certificate is required for
all structures prior to the release of the CO.

(32) A newSection 6.12 is added, to read as follows:

6.12

Final Close-Out Inspection

A Final Close-Out Inspection is required for all\ndevelopments and redevelopments.

This inspection must be scheduled at the conclusfal construction activities on the
site and prior to transferring ownership and maiatee responsibilities of the site to a
subsequent entity such as a Home Owners’ Assogiatio

The Owner must request the Final Close-Out Inspedtom the City. The Final Close-
Out Inspection must be scheduled with the Cityofelhg a minimum two-week advance
notice.

At the time of the Close-Out Inspection the Ownarstprovide to the City contact
information for the entity that will be assuming mevship and maintenance
responsibilities and a plan for funding and camgyinut these responsibilities.

During the Final Close-Out Inspection, the Owneshdemonstrate to the satisfaction of
the City that:

a) All permanent drainage facilities and BMPs hbgen constructed in compliance with
the approved final plan documents and are funcipas designed.
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b) All revegetation measures are complete ansbdlsurfaces are stable.

c) All drainage facilities and appurtenances héeen cleared of any debris and
sediment.

d) All temporary BMPs have been removed from teeetbpment site.
(33) Section 7.0 is deleted in its entirety.

(34) Section 7.1is deleted in its entirety.

(35) Section 7.2 is deleted in its entirety.
(36) Section 7.3 is deleted in its entirety.
(37) Section 7.4 is deleted in its entirety.
(38) TableDP-1is deleted in its entirety.
(39) TableDP-2is deleted in its entirety.
(40) TableDP-3is deleted in its entirety.
(41) Table DP-4 “Required Maintenance Easements” is added.

(42) Figure DP-1is deleted in its entirety.
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(B) Volume 1, Chapter 4 - Rainfall:

(1) Section 1.0is deleted in its entirety.

(2) A newSection 1.1 is added, to read as follows:

1.1

General Design Storms

3)
1.2

All drainage system design and construction mug tato consideration three separate
and distinct drainage problems.

The first is the eightieth (80 percentile storm event or the rain event for w8686 of

all rain events have an equal or smaller depthaiof. iThis storm event is used to design
water quality features. The second is the “Minor*Initial Storm”, which is the 2-year
storm in the city of Fort Collins. This is the stothat has a probability of occurring, on
the average, once every two (2) years (or onehthgata fifty percent chance probability
of exceedance every year). The third is the “M&tmrm”, which is the 100-year storm
in the city of Fort Collins. This is the storm thHes a probability of occurring, on the
average, once every one hundred (100) years (othatédas a one percent probability of
exceedance every year). In some instances the df0syorm routing of runoff will not
be the same as that for the 2-year storm.

A newSection 1.2 is added, to read as follows:

Minor (2-Year) Storm Provisions

(4)
1.3

The objectives of such drainage system planningtareninimize inconvenience, to
protect against recurring minor damage and to reduaintenance costs in order to
create an orderly drainage system at a reasonasie The 2-year storm drainage system
may include such facilities as curb and guttemrsteewer, open channels, drainageways,
ponds, rivers, streams, and detention facilities.

A new Section 1.3 is added, to read asdlo

Major (100-Year) Storm Provisions

(5)

(6)

(7)

(8)

(9)

The objectives of the 100-year storm drainage sysfdanning are to eliminate
substantial loss of life or property damage. Maminage systems may include storm
sewers, open channels, drainageways, ponds, riseeams, and detention facilities.
The correlation between the minor and major stoystesn must be analyzed to ensure
that a well coordinated drainage system is desigmeldconstructed.

Section 2.0 is deleted in its entirety.

Section 2.1 is deleted in its entirety.

Section 2.2 is deleted in its entirety.

Section 3.0 is deleted in its entirety.

Section 3.1 is deleted in its entirety.
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(10) Section 3.2is deleted in its entirety.
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(11) Section 4.0is amended to read as follows:

4.0 Intensity-Duration-Frequency Curves for Ratonal Method:

The one-hour rainfall Intensity-Duration-Frequernables for use the Rational Method
of runoff analysis are provided in Table RA-7 and’able RA-8.

Table RA-7 -- City of Fort Collins

Rainfall Intensity-Duration-Frequency Table
for Use with the Rational Method

(5 minutes to 30 minutes)

2-Year 10-Year 100-Year
Duration Intensity Intensity Intensity
(min) (in/hr) (in/hr) (in/hr)
5 2.85 4.87 9.95
6 2.67 4.56 9.31
7 2.52 4.31 8.8
8 2.4 41 8.38
9 2.3 3.93 8.03
10 2.21 3.78 7.72
11 2.13 3.63 7.42
12 2.05 3.5 7.16
13 1.98 3.39 6.92
14 1.92 3.29 6.71
15 1.87 3.19 6.52
16 1.81 3.08 6.3
17 1.75 2.99 6.1
18 1.7 2.9 5.92
19 1.65 2.82 5.75
20 1.61 2.74 5.6
21 1.56 2.67 5.46
22 1.53 2.61 5.32
23 1.49 2.55 5.2
24 1.46 2.49 5.09
25 1.43 2.44 4.98
26 1.4 2.39 4.87
27 1.37 2.34 4.78
28 1.34 2.29 4.69
29 1.32 2.25 4.6
30 1.3 2.21 4.52
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Table RA-8 -- City of Fort Collins

Rainfall Intensity-Duration-Frequency Table

for Use with the Rational Method

(31 minutes to 60 minutes)

2-Year 10-Year 100-Year
Duration Intensity Intensity Intensity
(min) (in/hr) (in/hr) (in/hr)
31 1.27 2.16 4.42
32 1.24 2.12 4.33
33 1.22 2.08 4.24
34 1.19 2.04 4.16
35 1.17 2.0 4.08
36 1.15 1.96 4.01
37 1.16 1.93 3.93
38 1.11 1.89 3.87
39 1.09 1.86 3.8
40 1.07 1.83 3.74
41 1.05 1.8 3.68
42 1.04 1.77 3.62
43 1.02 1.74 3.56
44 1.01 1.72 3.51
45 0.99 1.69 3.46
46 0.98 1.67 341
a7 0.96 1.64 3.36
48 0.95 1.62 3.31
49 0.94 1.6 3.27
50 0.92 1.58 3.23
51 0.91 1.56 3.18
52 0.9 1.54 3.14
53 0.89 1.52 3.1
54 0.88 15 3.07
55 0.87 1.48 3.03
56 0.86 1.47 2.99
57 0.85 1.45 2.96
58 0.84 1.43 2.92
59 0.83 1.42 2.89
60 0.82 1.4 2.86
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(12) A newSection 4.1 is added, to read as follows:

4.1 Intensity-Duration-Frequency Curves for SWMM:

The hyetograph input option must be selected wherating SWMM input files.
Hyetographs for the 2-, 5-, 10-, 25-, 50-, and $6@r City of Fort Collins rainfall events
are provided in Table RA-9.

Table RA-9 — City of Fort Collins
Rainfall Intensity-Duration-Frequency Table

for Use with SWMM

2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Duration | Intensity Intensity Intensity Intensity Intensity Intensity
(min) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr)

5 0.29 0.40 0.49 0.63 0.79 1.00
10 0.33 0.45 0.56 0.72 0.90 1.14
15 0.38 0.53 0.65 0.84 1.05 1.33
20 0.64 0.89 1.09 1.41 1.77 2.23
25 0.81 1.13 1.39 1.80 2.25 2.84
30 1.57 2.19 2.69 3.48 4.36 5.49
35 2.85 3.97 4.87 6.30 7.90 9.95
40 1.18 1.64 2.02 2.61 3.27 4.12
45 0.71 0.99 1.21 1.57 1.97 2.48
50 0.42 0.58 0.71 0.92 1.16 1.46
55 0.35 0.49 0.60 0.77 0.97 1.22
60 0.30 0.42 0.52 0.67 0.84 1.06
65 0.20 0.28 0.39 0.62 0.79 1.00
70 0.19 0.27 0.37 0.59 0.75 0.95
75 0.18 0.25 0.35 0.56 0.72 0.91
80 0.17 0.24 0.34 0.54 0.69 0.87
85 0.17 0.23 0.32 0.52 0.66 0.84
90 0.16 0.22 0.31 0.50 0.64 0.81
95 0.15 0.21 0.30 0.48 0.62 0.78
100 0.15 0.20 0.29 0.47 0.60 0.75
105 0.14 0.19 0.28 0.45 0.58 0.73
110 0.14 0.19 0.27 0.44 0.56 0.71
115 0.13 0.18 0.26 0.42 0.54 0.69
120 0.13 0.18 0.25 0.41 0.53 0.67
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RAINFALL INTENSITY (inches/hour)

(13)
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Figure RA-16 City of Fort Collins Rainfall IntengiDuration-Frequency Curves
Section 5.0 is deleted in its entirety.

Section 6.0 is deleted in its entirety.

Section 7.0 is deleted in its entirety.

Section 7.1 is deleted in its entirety.

Section 7.2 is deleted in its entirety.

Section 7.3 is deleted in its entirety.

Section 8.0 is deleted in its entirety.

Table RA-1 is deleted in its entirety.
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(21)
(22)
(23)
(24)
(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)
(37)
(38)
(39)
(40)
(41)

(42)

Table RA-2 is deleted in its entirety.
Table RA-3is deleted in its entirety.
Table RA-4 is deleted in its entirety.
Table RA-5is deleted in its entirety.
Table RA-6 is deleted in its entirety.

Table RA-7—City of Fort Collins Rainfall Intensity-Durationréquency Table for use
with the Rational Method (5minutes to 30 minutesadded.

Table RA-8—City of Fort Collins Rainfall Intensity-Durationréquency Table for use
with the Rational Method (31 minutes to 60 minuissg)dded.

Table RA-9—City of Fort Collins Rainfall Intensity-Durationréquency Table for use
with SWMM is added.

Figure RA-1is deleted in its entirety.

Figure RA-2 is deleted in its entirety.

Figure RA-3 is deleted in its entirety.

Figure RA-4 is deleted in its entirety.

Figure RA-5 is deleted in its entirety.

Figure RA-6 is deleted in its entirety.

Figure RA-7 is deleted in its entirety.

Figure RA-8 is deleted in its entirety.
Figure RA-9 is deleted in its entirety.
Figure RA-10is deleted in its entirety.
Figure RA-11is deleted in its entirety.
Figure RA-12 is deleted in its entirety.
Figure RA-13is deleted in its entirety.

Figure RA-14 is deleted in its entirety.
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(43) FigureRA-15is deleted in its entirety.

(44) Figure RA-16is added
Figure RA-16—Cityof Fort Collins Rainfall Intensity-Duration-FrequsnCurves.
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(©)

Volume 1, Chapter 5 - Runoff:

(1) Section 1.0is deleted in its entirety.

(2) A newSection 1.1 is added, to read as follows:

1.1

Runoff Methodologies

(&) There are two runoff determination methodaeghat are approved by the City, the
Rational Method and the Stormwater Management M¢8&/MM). The City is the
determining authority with respect to the appraerimethodology to use under different
circumstances. Early contact with the City is emaged for the timely determination of
the appropriate runoff methodology to use.

(b) The Rational Method may only be used to deitgerthe runoff from drainage basins
that are less than ninety (90) acres in size. ToarBvater Management Model (SWMM)
must be used to model drainage basin areas ofyr({@@} acres or more.

(c) All runoff calculations made in the designtwith 2-year and 100-year drainage
systems must be included with the Storm DrainageoReand all storm drainage
facilities designed must be shown on Storm DrairiRiges.

(3) A newSection 2.8 is added, to read as follows:

2.8

Rational Method Runoff Coefficients

(a) The runoff coefficients to be used in the Bl Method can be determined based on
either zoning classifications or the types of stefa on the drainage area. Zoning
classifications may be used to estimate flow rared volumes for an Overall Drainage
Plan (ODP) submittal, if the types of surfaces mo¢ known. Table RO-10 lists the
runoff coefficients for common types of zoning eidisations in the city of Fort Collins.

(b) For a Project Plan or Final Plan submittahaffi coefficients based on the proposed
land surface types must be used. Since the aaiunaffrcoefficients may be different
from those specified in Table RO-10, Table RO-ZHislicoefficients for the different
types of land surfaces. The runoff coefficient ukedlesign must be based on the actual
conditions of the proposed site.
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Table RO-10

Rational Method Minor Storm Runoff Coefficients for Zoning Classifications

Description of Area or Zoning Coefficient
R-F 0.3
U-E 0.3
L-M-In 0.55
R-L, N-C-L 0.6
M-M-N, N-C-M 0.65
N-C-B 0.7

Business:

C-C-N, C-C-R, C-N, N-C, C-S 0.95
R-D-R, C-C, C-L 0.95
D, C 0.95
H-C 0.95
C-S 0.95
Industrial:

E 0.85

I 0.95

Undeveloped:

R-C, T 0.2
P-O-L 0.25

For guidance regarding zoning districts and clasgibns of such districts please refer to
Article Four of the City Land Use Code, as amended.
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Table RO-11

Rational Method Runoff Coefficients for Composite Aalysis

Character of Surface | Runoff Coefficient
Streets, Parking Lots,

Drives:

Asphalt 0.95
Concrete 0.95
Gravel 0.5
Roofs 0.95
Recycled Asphalt 0.8
Lawns, Sandy Soil:

Flat <2% 0.1
Average 2 to 7% 0.15
Steep >7% 0.2
Lawns, Heavy Soil:

Flat <2% 0.2
Average 2 to 7% 0.25
Steep >7% 0.35

(4) A newSection 2.9 is added, to read as follows:

2.9 Composite Runoff Coefficient

Drainage sub-basins are frequently composed oftlaaichas multiple surfaces or zoning
classifications. In such cases a composite rucméfficient must be calculated for any
given drainage sub-basin.

The composite runoff coefficient is obtained using following formula:

> (C,* A)
C=“4— (RO-8)
A

Where: C = Composite Runoff Coefficient
G = Runoff Coefficient for Specific Area (A
A, = Area of Surface with Runoff Coefficient of, @cres or feét
n = Number of different surfaces to be considered
A= Total Area over which C is applicable, acresestf

(5) A newSection 2.10 is added, to read as follows:
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2.10

Runoff Coefficient Adjustment for Infrequent Sorms

(6)
(7)
(8)
(9)
4.3

The runoff coefficients provided in tables RO-1@ d&0-11 are appropriate for use with
the 2-year storm event. For storms with highernsitees, an adjustment of the runoff
coefficient is required due to the lessening amaininfiltration, depression retention,
evapo-transpiration and other losses that haveopoptionally smaller effect on storm
runoff. This adjustment is applied to the compmsitnoff coefficient.

These frequency adjustment factors are found ineTRD-12.
Table RO-12

Rational Method Runoff Coefficients for Composite Aalysis

Storm Return Period | Frequency Factor
(years) f
2t0 10 1.00
11 to 25 1.10
26 to 50 1.20
51 to 100 1.25

Note: The product of C times{Cannot exceed the value of 1, in the cases whdres a value of
1 must be used

Section 3.1 is deleted in its entirety.
Section 3.2 is deleted in its entirety.
Section 3.3 is deleted in its entirety.

A newSection 4.3 is added, to read as follows:

Computer Modeling Practices

(a) For circumstances requiring computer modelihg,design storm hydrographs must
be determined using the Stormwater Management M¢88/MM). Basin and
conveyance element parameters must be computed basthe physical characteristics
of the site.

(b) Refer to the SWMM Users’ Manual for appropeiatodeling methodology, practices
and development. The Users’ Manual can be foundhenEnvironmental Protection
Agency (EPA) websitehftp://www.epa.gov/ednnrmrl/models/swmm/index.htm

(c) It is the responsibility of the design enginae verify that all of the models used in
the design meet all current City criteria and ragahs.

4.3.1 Surface Storage, Resistance Factors, andiltnation

Table RO-13 provides values for surface storagepéwious and impervious surfaces
and the infiltration rates to be used with SWMMbIEaRO-13 also lists the appropriate
infiltration decay rate, zero detention depth aedigtance factors, or Manning's “n”

values, for pervious and impervious surfaces todeel for SWMM modeling in the city

of Fort Collins.
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Table RO-13

SWMM Input Parameters

Depth of Storage on Impervious Areas 0.1 inches
Depth of Storage on Pervious Areas 0.3 inches
Maximum Infiltration Rate 0.51 inches/hour
Minimum Infiltration Rate 0.50 inches/hour
Decay Rate 0.0018 inches/sec
Zero Detention Depth 1%
Manning’s n Value for Pervious Surfaces 0.025
Manning’s n Value for Impervious Surfaces 0.016

4.3.2 Pervious-Impervious Area

Table RO-14 should be used to determine prelimimamcentages of impervious land
cover for a given land-use or zoning. The finasige must be based on the actual
physical design conditions of the site.

Table RO-14

Percent Imperviousness Relationship to Land Use*

PERCENT IMPERVIOUS

(%)
LAND USE OR ZONING
Business:
T 20
CCN, CCR, CN 70
E, RDR, CC, LC 80
C,NC, I, D,HC, CS 90
Residential:
RF,UE 30
RL, NCL 45
LMN,NCM 50
MMN, NCB 70
Open Space:
Open Space and Parks (POL) 10
Open Space along foothills ridge 20
(POL,RF)
RC 20

*For updated zoning designations and definitiorleage refer to Article Four of the City Land
Use Code, as amended
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(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)

(19)

(20)

(21)
(22)
(23)
(24)

(25)

4.3.3 Conveyance Element Methodology

Embedded conveyance elements must begin at theoimtdgf the sub-basin in order to
appropriately represent the basin based on itabghysical characteristics.

4.3.4 Basin Width

Basin width must be calculated as the area of ésintdivided by the length of the basin.
The basin length is defined as the length of thecentrated flow.

4.3.5 Dynamic Flow Analysis

Conditions may arise where a steady flow hydraafialysis may not provide sufficient
information on the operation of drainage facilitig$is is especially of concern when
analyzing detention ponds inter-connected by ctdver storm sewers and where release
rates and pond volumes may be affected. In suascdghe Utilities Executive Director
determines that additional analysis is requireddoradequate evaluation of proposed
drainage facilities, an unsteady flow hydrauliclgsia using hydrographs generated from
SWMM and the EXTRAN block of SWMM may be required.

Section 5.0 is deleted in its entirety.
Section 5.1 is deleted in its entirety.
APPENDIX A is deleted in its entirety.
Table RO-1is deleted in its entirety.
Table RO-6 is deleted in its entirety.
Table RO-7 is deleted in its entirety.
Table RO-8 is deleted in its entirety.
Table RO-9 is deleted in its entirety.
Table RO-Al is deleted in its entirety.

Table RO-10 Rational Method Minor Storm Runoff Coefficients ftoning
Classifications is added.

A newTable RO-11 Rational Method Runoff Coefficients for Compoghealysis is
added.

A newTable RO-12 Rational Method Frequency Adjustment Factors dedd

A newTable RO-13 SWMM Input Parameters is added.

A newTable RO-14 Land Use Versus percent Imperviousness is added.
Figure RO-9 is deleted in its entirety.

Figure RO-10 is deleted in its entirety.
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(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)

(35)

Figure RO-Al is deleted in its entirety.
Figure RO-A2 is deleted in its entirety.
Figure RO-A3 is deleted in its entirety.
Figure RO-A4 is deleted in its entirety.
Figure RO-A5 is deleted in its entirety.
Figure RO-A6 is deleted in its entirety.
Figure RO-A7 is deleted in its entirety.
Figure RO-A8 is deleted in its entirety.

Figure RO-A9 is deleted in its entirety.

Figure RO-Allis deleted in its entirety
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(D) Volumel, Chapter 6 - Streets/Inlets/Storm Sewers:

(1) Section 2.2 is amended to read as follows:

2.2 Design Requirements

(@) The Minor (or Initial) Storm is
designated as the 100-year storm.

designatedthe 2-year storm. The Major Storm is

(b) The encroachment of gutter flow on the stfeethe 2-year storm runoff must not
exceed the criteria set forth in Table ST-2. Amtalrainage system must begin where the
encroachment reaches the limits found in this table

Table ST-2

Pavement Encroachment Standards for the Minor (i.e.2-Year) Storm

Street Classification

Maximum Encroachment* **

Local (includes places, courts, and alleys)

No ¢ofping. Flow may spread to crown
street.

of

Collector and Arterial (Without Median)

at the gutter. Flow spread must leave at leask
(6) foot wide clear travel lane on the one-halést
section

No curb-fipg. Maximum six (6) inch flow deplﬂ:
si

Arterial (with Median)

No curb-topping. Maximum s{®) inch flow depth

direction

at the gutter. Flow spread must leave at least a
twelve (12) feet wide clear travel lane in ;{ch

*Where no curbing exists, encroachment must narekbver property lines.

** These criteria apply only to City streets where floodplain has been designated. For areas

with designated floodplains, please refer to Chapdeof the City Code for further guidance.

(c) Standards for the Major Storm and cross-sfiteets are also required. The Major
Storm needs to be assessed to determine the pbtinmtiflooding and public safety.

Cross-street flows also need to be regulated &dfidrflow and public safety reasons.
The City has established street inundation stasddwling the Major Storm event and
allowable cross-street flow standards for the Mif®year) Storm and the Major (100-

year) Storm.

(d) Table ST-3 sets forth the allowable streetremchment for the 100-year storm

runoff.
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Table ST-3

Street Inundation Standards for the Major (i.e., 1@-Year) Storm

Street Classification Maximum Encroachment **

Local, Collector and Arterial (without Median) Tllepth of water at the street crown shall not excer (6)

inches to allow operation of emergency vehicles, depth of
water over the gutter flow line shall not exceectltwe (12)
inches, and the flow must be contained within igatrof-way
or easements paralleling the right-of-way. The mestrictive
of the three criteria shall govern.

Arterial (with Median) The depth of water must rmotceed the bottom of the gutter|at

the median to allow operation of emergency vehjdles depth
of water over the gutter flow line shall not exceaeglve (12)
inches, and the flow must be contained within ightrof-way
or easements paralleling the right-of-way. The mestrictive
of the three criteria shall govern.

** These criteria apply only to City streets where floodplain has been designated. For areas
with designated floodplains, please refer to Chapdeof the City Code for further guidance.

(e) Table ST-4 sets forth the allowable crossestilew for the Minor (2-Year) and the
Major (100-Year) Storm events.

Table ST-4

Allowable Cross-Street Flow

Street Classification Minor (2-Year) Storm Flow Mgor (100-Year) Storm Flow
Local Six (6) inches of depth in Eighteen (18) inches of depth above
Cross pan. gutter flow line.
Collector Where cross pans are allowed;welve (12) inches of depth above
depth of flow should not gutter flow line.
exceed six (6) inches in cross
pan
Arterial None. No cross flow. Maximum depth at
upstream gutter on road edge of twelye
(12) inches.

() Once an allowable spread (pavement encroactnies been established for the
Minor Storm, the placement of inlets can be deteethi The inlets will remove some or
all of the excess stormwater and thus reduce theadp The placement of inlets is
covered in Section 3.0 of this chapter. It shoutdnoted that proper drainage design
utilizes the full allowable capacity of the stregitter in order to limit the cost of inlets

and storm sewers.

(g) Another important design consideration is fitegjuency of occurrence of the Minor
Storm. In other words, the design engineer mudbfaiato his design how often the

spread of stormwater will reach or exceed the marimencroachment limit. This is

addressed by assigning a frequency (or recurremeeval) for the Minor Storm for
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(2)

3)

(4)

()
3.5

various street classifications. The selection afesign frequency is based on many
factors including street function, traffic load awmdhicle speed. In the city of Fort
Collins, the Minor Storm recurrence interval is tleyear storm for all street

classifications.

(h) For street sump locations, provisions musnbkided to carry the 100-year runoff in
a pipe or an overflow channel to an acceptableafiuthile the maximum water surface
depth criteria as designated in Table ST-2 andallld ST-3 are not violated.

() An access and maintenance easement for theflmwvedrainage facility must be
provided if that facility is not contained withihe public right-of-way.

() Two additional design considerations of impoide in street drainage are gutter
(channel) shape and street slope. Most urban stoegttain curb and gutter sections.
Various types exist including spill shapes, catcapgs, curb heads, and roll gutters. The
shape is chosen for functional, economic, or aéstheasons and does not dramatically
affect the hydraulic capacity. Swales are commamglsome urban and semi-urban
streets, and roadside ditches are common alonfjstuests. Their shapes are important
in determining hydraulic capacity and are coverethé next chapter.

Table ST-2 Pavement Encroachment Standards for the Minor, @€/ear) Storm is
amended

Table ST-3 Street Inundation Standards for the Major (i.eQ-Y@ar) Storm is amended
Table ST-4 Allowable Cross-Street Flow is amended
A newSection 3.5 is added, to read follows:

Inlet Design and Construction Standards

(6)
4.5

(a) Storm inlets must be designed and installedravisump (low-spot) conditions exist
or when allowable street capacities are exceedeel.olitlet pipe of the storm inlet must
be sized on the basis of the theoretical capatithieinlet, with a minimum diameter of
fifteen (15) inches, or a minimum dimension of tvee(12) inches if elliptical or arch

pipe is used.

(b) All curb openings must be installed with thgening at least two (2) inches below
the flow line elevation. The minimum transition ¢gh allowed is five (5) feet

(c) Any curb opening greater than six (6) incheseight must have a metal bar welded
horizontally across the inlet for public safety poses such that no opening height is
greater than six (6) inches.

(d) All inlet covers must be stenciled or stampdgth the following designation: NO
DUMPING - DRAINS TO POUDRE RIVER

A newsection 4.5 is added, to read as follows:

Storm Sewer System Construction Standards

Construction of all stormwater facilities must hélbin accordance the approved Water Utilities
Development Construction Standards or the Watélitieléi Capital Construction Standards as
appropriate.
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(E) Volume 1, Chapter 7- Major Drainage:

(1) Section 3.2.8 is amended to read as follows:

3.2.8 Open Channel Design

The minimum design criteria requirements listetbty must be satisfied.

3.2.8.1 Natural Channels (Open Floodplain Design)
For development sites located out of the 100-yeadplain, the following open channel
requirements must be met:

1.

If the total flow of the channel and floodplaincgnfined to an incised channel and
erosion can be expected to endanger adjacentgieactl00-year check structures
are required to control erosion and degradatich@fthannel area. See Volume 2,
Chapter 8, “Hydraulic Structures”, of this Mandiad more information. In addition,
sufficient right-of-way must be reserved to insth# equivalent of a trapezoidal
grass-lined channel that satisfies the velocityedd specified in Table MD-ZExtra
width must be reserved where drop structures a¥dett in which locations a twenty
(20) foot-wide maintenance access bench must hedaa along one side of the
channel.

If the floodplain is wide and the low-flow chanmepresents a small portion of the
floodplain area, low-flow check structures are liguaquired, unless it can be
demonstrated that the channel will remain stabka@svatershed urbanizes.

Consult the applicable City’'s Master Drainage Rlanument for guidance on the
design event and stable stream or waterway lorigalidlope.

For either of the above cases, a maintenance araésaust be provided. It should
be designed according to the guidelines for grasstichannels in Section 3.2.8.3,
below.

3.2.8.2 Open Floodway Design (Natural Channel witRloodplain Encroachment)
Although floodplain preservation is preferable, witee development involves
preserving the floodway while filling and buildirg the fringe area, the open channel
design must meet the all the requirements in liStection 3.2.8.1 of this chapter, as well
as the following requirements listed below for.fill

The fill slopes must be adequately protected agaimsion with:

1.

Fill slopes of four to one (4H:1V) or flatter thate vegetated in accordance with the
criteria listed in the “Revegetation” chapter dstManual (Volume 2, Chapter 12).

Fill slopes must be protected by rock (not brokenctete or asphalt) riprap meeting
City criteria with up to two and a half to one [@:3V) slopes.\

Retaining walls must not be not taller than thnee a half (3.5) feet, with adequate
foundation protection.

3.2.8.3 Grass-Lined Channel Design
The design for a grass-lined channel must medbtloeving criteria:
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1. Side slopes must be four to one (4H:1V) or flatter.

2. Continuous maintenance access, such as with anmadt be provided. The
stabilized trail surface must be at least eight€8) wide with a clear width
of twelve (12) feet. It must be located above thieom(2-year) event water
surface elevation, but never less than two (2) (lbete feet for streams with
perennial flow) above that elevation. Trail prddileeed to be shown for all
critical facilities such as roadway crossings,atrecrossings and drop
structures. All access trails shall connect to jpuditeets. Maintenance trails
need not be paved, but must be of all-weather nartgtin such as aggregate
base course, crusher fines, recycled concrete eour&ggregate Turf
Reinforced Grass Pavement (RGP) described in VoRiofethis Manual
and capable of sustaining loads associated wigje laraintenance
equipment. Paved trails are encouraged to alloweftreational use of the
trails. When paved, pavement should be five (Séscminimum thickness
of concrete (not asphalt). Maximum longitudinalpgdor maintenance-only
trails is ten percent (10%), but less than fivecpat (5%) when used as
multi-purpose recreational trails to meet the rezaients of thémericans
with Disabilities Act. The Utilities Executive Director may accept agjaic
public local streets or parking lots as maintenaa®ess in lieu of a trail, if
he or she determines that a modification of thimireement is appropriate.

3. A low-flow or trickle channel is desirable. See @mt4.1.5 of this chapter
for criteria.

4. Wetland bottom and bioengineered channels argtatde when designed
according to City wetland bottom channel criten&kection 4.2 of this
chapter.

5. The channel bottom minimum cross slope for drydiotthannels shall be
one percent (1%).

6. Tributary inflow points shall be protected all tvay to the low-flow
channel or trickle channel to prevent erosion.owffacilities to wetland
bottom channels shall have their inverts at least() feet above the
channel bottom to allow for the deposition of seglitnand shall be protected
with energy dissipaters.

7. All roadway crossings of wetland bottom channeldishcorporate a
minimum of a stabilized two (2) foot drop from thatlet to the bottom of
the downstream channel in order to preserve hyidraapacity as sediment
deposition occurs over time in the channel.

8. All drop structures must be designed in accordavittethe “Hydraulic
Structures” chapter of this Manual. Underdrain stmim sewer outlets
located below the stilling basin’s end-sills are acceptable. Construction
plans must utilize City standard details.

9. Storm sewer outlets must be designed in accordaiticehe criteria in
Sections 5.0, 6.0, and 7.0 of this chapter. Altévely, conduit outlet
structures, including low tailwater riprap basimsidn described in Section
3.0 of the “Hydraulic Structures” chapter of thimMialmust be used when
appropriate.
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10. Grouted boulder rundowns and similar features roestesigned in
accordance with Section 7.0 of the “Hydraulic Stuues” chapter of this
Manual.

11. Grass seeding specifications provided by the Giée the “Revegetation”
chapter of this Manual) are recommended unleggbet blue grass is used.
The City will not maintain irrigated blue grass..

(2) Section 3.3.3 is amended to read as follows:

3.3.3 Environmental Permitting Issues

Environmental permitting, in particular wetland ipéting, must be considered in
selection of the type of major drainage channela3sist with the selection of type of
channel or drainageway improvements to be usddyachart is presented in Figure
MD-4. The flow chart contains a series of questiortseteonsidered in light of the
requirements in this Manuahd the requirements of the Clean Water Act, Secti!
(dredge and fill in jurisdictional wetlands and “Wes of the United States”).

Following along with the chart, the first stepasdetermine whether channelization is
needed or desired. In many cases, a well-estatlisaieiral drainageway and its
associated floodplain can be preserved and pratéaim erosion damage. Therefore,
before deciding to channelize, assess whetheratue wf reclaimed lands will justify the
cost of channelization and whether a new chanrkpravide greater community and
environmental benefits than the existing drainagewa

If the decision is to neither channelize nor rerateize an existing drainageway,
investigate the stability of the natural drainaggwad its banks, design measures to
stabilize the longitudinal grade and banks, if mekénd obtain any necessary, Section
404 permits and other approvals for these improvesne

If the decision is to channelize, then determinetivar the existing natural drainageway
has a perennial flow, evidence of wetland vegetatio is a well-established ephemeral
channel. This will often require the assistanca bfologist with wetland training. If any
of these conditions exist, then the project isljike be subject to individual or
nationwide Section 404 permitting requirements.&Relgss, it is suggested that the
designer check with the local United States ArmypSmf Engineers (USACE) office
early to determine which permit will be needed. @emind that it is the responsibility
of the proponent to comply with all applicable Fedi@nd State laws and regulations.
Approvals by the City do not supersede or waive g@ance with these laws.

(3) Section 3.3.4 is amended to read as follows:

3.3.4 Maintenance

(a) All major drainage channels in urban areakregjuire maintenance to ensure that
they are capable of conveying their design flowehsas the 100-year flow (as well as
more frequently occurring flows) and to ensure tetnnels do not become a public
nuisance and eyesore. Routine maintenance (i.svingdor weed control or annual or
seasonal clean-outs), unscheduled maintenancger{spection and clean-out after large
events) and restorative maintenance after some péaperation should be expected.

(b) Native tall grasses may require mowing thesix times a year or on a less frequent
schedule, depending on the type of channel anishgelowing cuts down the presence
of standing dead grasses and places them on thedysehere decomposition can take
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place. Often mowing of dry-land native grassesmiuthe growing season may not be
necessary, except for weed control.

(c) A maintenance access platform with a minimasgage width of twelve (12) feet
shall be provided along the entire length of aljandrainageways except at drop
structures, where a twenty (20) foot maintenanatfqim is needed

(d) When public or private drainage channels asbeiated facilities abut private
property, it is the responsibility of the partiesalved, whether they are public or
private, to develop and implement a policy regagdencing and safety.

(4) Section 4.1.1.5 is amended to read as follows:
4.1.1.5 Design Discharge Freeboard
All open channels shall be designed with a freethoaFreeboard for major channels
(defined as those with capacity in excess of onalted (100) cfs) must be a minimum
of one foot of extra depth. Freeboard for minocarotels (defined as those carrying less

than one hundred (100) cfs design flow) must bégdes to handle a minimum of an
additional 33 percent of runoff, over and aboveltb@-year design flow.

(5) Table MD-2 is adopted with the following modification:

The minimum riprap Manning’s-n value used to chierkstability is 0.07.
(6) Table MD-3 is adopted with the following modification:

All references to “District Maintenance Eligibilttghall be deleted.

(7) Table MD-4 is adopted with the following modification:

All references to “District Maintenance Eligibilttghall be deleted.

(8) Section 4.3.6is deleted in its entirety.

(9) Table MD-6 is adopted with the following modification:

All references to “District Maintenance Eligibilitghall be deleted.

(10) Table MD-7 is adopted with the following modification:

All references to Type VL and Type L riprap desigmas shall be deleted.
(11) Table MD-10 is adopted with the following modification:

All references to Type VL and Type L riprap desigmas shall be deleted.
(12) Table MD-12 is adopted with the following modification:

All references to Type VL and Type L riprap desigmas shall be deleted.
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(13) A new section 4.4.4.3 is added, to read dsvis!

4.4.4.3 Riprap Specifications and Apighbility

(@) Riprap applications must be designed by aeggibnal engineer familiar with the
design of stormwater conveyance systems and stesctu

(b) The minimum mean particle size (intermediait@eshsion) by weight for riprap,
commonly known as theis twelve (12) inches.

(c) All riprap must be angular in shape and cleemtound shaped rocks are allowed.
(d) Riprap coloring must be specified to blendhwtite existing soil and environment
where it will be placed in a manner that will pres¢he smallest amount of visual
contrast.

(e) Riprap shall only be used when other methddsratection or stabilization are not
appropriate or possible. Riprap alternates witke thxception of gabions are
recommended whenever practical. Manufactured aidiming or revetment treatments
such as Turf Reinforcement Mats (TRMSs), erosion tmbdnmatting, geotextiles,
Articulating Concrete Blocks (ACBSs), partially-grtead riprap, and other flexible linings
are encouraged in lieu of standard riprap appboati These alternates will be
considered by the City on a case-by-case basigli&r 6o determine the most appropriate
material that should be specified under particutanditions and for different
applications.

(14) Table MD-13 is adopted with the following modification:
All references to “District Maintenance Eligibilitghall be deleted.

(15) Section 10.0 is adopted with the following modification:
All references to “Rosgen, D., 1996, “Applied Rivorphology” shall be deleted.
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(F) Volume 2, Chapter 8 - Hydraulic Structures:
(1) Section 2.4.4 is deleted in its entirety.
(2) Section 2.8.3 is deleted in its entirety.
(3) Section 3.4.3.2 is adopted with the following modifications:
a. Equation (HS-17) is amended to read as fallow
T= 2Dy, (HS-17)
And:
b. All references to Type L riprap shall be tletfromTable HS9
(4) Section 4.1.2 is deleted in its entirety.
(5) Section 8.1 is amended to read as follows:

8.1 General

Maintenance of hydraulic structures includes remgwebris, excessive vegetation and
excessive sediment. Replacing or realigning eropimtection, stones, repairing grout
and concrete, and replacing warning signs are itemsnaintenance that must be
performed regularly under normal conditions. Otheintenance activities that can be
reasonably expected for specific structures must laé performed on a regular basis.

(6) Table HS6 is deleted in its entirety.

(7) Table HS9 is adopted with the following modification:
All references to Type L riprap shall be deleted

(8) Figure HS-9 is deleted in its entirety.

(9) Figure HS-10 is deleted in its entirety.
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(G) Volume 2, Chapter 9 - Culverts:

(1)

(@)

3)
8.3

Section 3.5.3 is amended to read as follows:

3.5.3 Culvert Diameter

(@) The diameter of pipe that will meet the headweequirements must be determined
after the invert elevations have been assumedg uk& design computation forms (e.g.,
Figure CU-8), the capacity charts (e.g., Figure QlJand the nomographs.

(b) To help prevent plugging of small diametergsipthe minimum allowable culvert
diameter is fifteen (15) inches for round pipe.eThinimum inside dimension will be no
less than twelve (12) inches for elliptical andnepipe. .

Section 3.5.5 is amended to read as follows:

3.5.5 Culvert Materials

All culvert design and construction must complyhwithie same material and
construction requirements as those specified iniviel 1, Chapter 6, Section 4.5,
“Storm Sewer System Construction Standards”, af Ménual and with the approved
City Water Utilities Standard Construction Spedifions.

Section 8.3 is amended to read as follows:

Grate Specifications

(4)

(&) Where a structure presents a safety hazaldasievhen a siphon, a significant drop
in elevation adjacent to a sidewalk or road, a Ipipg with one or more manholes, or at
pipes near playgrounds, parks and residential asegsate may be required. For most
culverts through embankments and crossing strgettes will not be required. The grate
open area must be at least four times the operoatha pipe.

(b) When called for, grates must meet the foll@uiequirements:

1. Grating must be constructed of smooth steel bdts avminimum diameter of five
eighth of an inch. Reinforcing bars shall not kedi

Welded connections must be a quarter inch thickeminimum.

Spacing between bars must normally be five (5) inaless site conditions are
prohibitive.

All exposed steel must be galvanized in accordanteAASHTO M 111.
Welded joints must be galvanized with a rust préverpaint.

Grates must be secured to the headwall or encbaeayi removable devices such as
bolts or hinges to allow maintenance access, pteaadalism, and prohibit entrance
by children.

Locks for hinged grates will be provided by theyCit
Trash racks must be set at angles that are noestéegm three to one (3:1 H:V).
Photograph CU-6 is deleted in its entirety
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(H) Volume 2, Chapter 10 - Storage:

(1)

(2)

3)

(4)

Section 3.1.1 is amended to read as follows:

3.1.1 Use of Simplified On-Site Detention Sizing Bcedures

(@) There are two methodologies approved by thg O sizing detention storage
basins, the Rational Formula-based Federal Aviafidministration (FAA) procedure
and the Stormwater Management Model (SWMM). The Githe determining authority
regarding the appropriate methodology to use urdifferent circumstances. Early
contact with the City is encouraged for the timelgtermination of the appropriate
detention storage sizing methodology.

(b) In general, the Rational Formula-based FAAcpdure may only be used in the
design of detention storage facilities with tribytareas that are less than five (5) acres
in size. The Stormwater Management Model (SWMM) hhesused to model and size
stormwater detention storage facilities with trémytareas of twenty (20) acres or more.
Preliminary sizing of detention storage volume nimy performed for site planning
purposes using the Rational Formula-based FAA piareein conjunction with a twenty
(20) percent upward adjustment to account for #nger resulting storage volume that
would be obtained from SWMM modeling.

(c) For tributary areas between five and twen@) @cres in size, either SWMM or the
Rational Formula-based FAA procedure may be usedatoulate detention storage
volume. However, if the Rational Formula-based Fpfocedure is chosen as the
preferred method, the resulting storage volume rhasincreased by a factor of twenty
(20) percent to better match the result that whala@btained from SWMM modeling.

Section 3.1.2 is amended to read as follows:

3.1.2 Detention Pond Hydrograph Sizing Procedure

(a) Whenever the area limits described above ati@e3.1.1 are exceeded (for tributary
catchments larger than twenty acres for the FAA®&dare) the City requires the use of
hydrograph flood routing procedures (e.g., usingMWreservoir routing calculations).

In addition, if there are upstream detention fde#iin the watershed that catch and route
runoff for portions of the upstream tributary aregdrograph routing methods must be
employed.

(b) If off-site tributary areas contribute runadf an on-site detention storage facility, the
total tributary area at existing development ratssiie accounted for in the design of the
storage facility by routing the flows generatedthat off-site area around the proposed
storage facility or, by fully accounting for theflews in the design of the spillway
system for that storage facility.

Section 3.1.3 is amended to read as follows:

3.1.3 Water Quality Capture Volume in Sizing Deteribn Storage

When detention storage volume is sized for a bit¢ &lso incorporates a water quality
capture volume (WQCV) defined in Volume 3 of thisaMial, the 100-year volume

required for quantity detention must be added t @htire WQCV. The WQCV must

also be added in its entirety to the required StGyear volume.

Section 3.2.1is deleted in its entirety.
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()
(6)

Section 3.2.2 is deleted in its entirety.
Section 3.2.3 is amended to read as follows:

3.2.3 Rational Formula-Based Modified FAA Procedure

The Rational Formula-based Federal Aviation Adntiatgon (FAA) (1966) detention
sizing method (sometimes referred to as the “FAdcBdure”), as modified by Guo
(1999a), provides a reasonable estimate of staralgene requirements for on-site
detention facilities. This method provides sizing éne level of peak control only and
not for multi-stage control facilities.

The input required for this Rational Formula-baBéd\ volume calculation procedure
includes:

A = area of the catchment tributary to the storag#itia(acres)

C = runoff coefficient

Qo = allowable maximum release rate from the deterfacility

T. = time of concentration for the tributary catchm@ninutes) (see the Runoff chapter)

P, = 2-hour design rainfall depth (inches) at the siteen from the Rainfall chapter for
the relevant return frequency storms

The calculations are best set up in a tabular ésisfeeet) form with each 5-minute
increment in duration being entered in rows and@iewing variables being entered, or
calculated, in each column:

1. Storm Duration TimeT (minutes), up to 180 minutes.
2. Rainfall Intensity, (inches per hour).

3. Inflow volume,Vi (cubic feet), calculated as the cumulative volanthe given
storm duration using the equation:

Vi =CIA (60T) (SO-6)
4. Outflow adjustment factan (Guo 1999a):
m=1/2 (1+ TJT) 0.5<m<1andT>Tc (SO-7)

5. Calculated average outflow ra@, (cfs), over the duratiom:
Qavv =M Qpo (SO-8)

6. Calculated outflow volum¥,, (cubic feet), during the given duration and the
adjustment factor at that duration calculated usliregequation:

Vo= Qa (60T) (S®-9
7. Required storage volums (cubic feet), calculated using the equation:
Vs = V-V, (SOy1
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(7)
(8)
(9)
(10)

(11)

(12)

The value ofVs increases with time, reaches a maximum value, &ed starts to
decrease. The maximum value \&& is the required storage volume for the detention
facility. Sample calculations using this procedare presented in Design Example 6.2.
The modified FAA Worksheet of the UD-Detention Spreadshegierforms these
calculations.

Section 3.2.4 is deleted in its entirety.
Section 3.2.5is deleted in its entirety.
Section 3.2.6 is deleted in its entirety.
Section 3.2.7 is deleted in its entirety.
Section 3.3.3 is amended to read as follows:

3.3.3 Spillway Sizing and Design

(a) The overflow spillway of a storage facility silbe designed to pass flows in excess
of the design flow of the outlet works. When theratge facility falls under the
jurisdiction of the Colorado State Engineer’'s G4fiSEQ), the spillway’s design storm is
prescribed by the SEO. If the storage facility @ a jurisdictional structure, the size of
the spillway design storm must be based upon asatyghe risk and consequences of a
facility failure. Generally, embankments shouldftsified against and/or have spillways
that, at a minimum, are capable of conveying thal toot-routed peak 100-year storm
discharge from a fully developed total tributaryotement, including all off-site areas, if
any. However, detailed analysis, of downstream fiszanust be performed and may
indicate that the embankment protection and, divepi design needs to be sized for
events much larger than the 100-year design storm.

(b) The detention pond spillway crest must beas¢he 100-year water surface elevation
in the pond and the spillway shall be designed shahany spills shall be no more than
six (6) inches in depth at the crest during the-{&&r storm. The detention pond top of
embankment shall be set at all points a minimunore foot above the spillway crest
elevation.

(c) Emergency spillways must be protected fronastabphic erosion failure through the
use of bank protection procedures downhill from spélway to the toe of slope. The
slope protection for spillway embankments shalldesigned in accordance with all the
specifications set forth in Volume 1, Chapter 7 jdd®rainage, Section 4.4.4.3, “Riprap
Specifications and Applicability”, of this Manual.

(d) A concrete cutoff wall eight inches in thiclesethree feet deep, extending five feet
into the embankment beyond the spillway openingdgiired on private detention ponds
larger than one acre-foot in volume and are algaired on all publicly-owned regional
detention ponds larger than that size. The emesgspillway crest elevation must be
tied back to the top of the pond embankment atxirman slope of four to one.

Section 3.3.4 is amended to read as follows:

3.3.4 Retention Facilities

(&) A retention facility (a basin with a zero e rate or a very slow release rate) is
used on a temporary basis when there is no avaifabihal downstream drainageway, or
one that is grossly inadequate. When designingeatien facility, the hydrologic basis

of design is difficult to describe because of ttozkastic nature of rainfall events. Thus,
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(13)

3.4

sizing for a given set of assumptions does notrerthiat another scenario produced by
nature (e.g., a series of small storms that ada lgrge volumes over a week or two)

will not overwhelm the intended design. For thiasen, retention basins are not
permissible as a permanent solution for drainagblpms. When used, they can become
a major nuisance due to problems that may includequito breeding, safety concerns,
odors, etc.

(b) When temporary use of a retention basin ipgsed as a solution, the City requires
that it be sized to capture, at a minimum, the fluegual to two times the two hour, 100-
year storm plus one foot of freeboard. The faciliyst be situated and designed so that
when it overtops, no human-occupied or criticalcures (e.g., electrical vaults, homes,
etc.) will be flooded, and no catastrophic failatehe facility (e.g., loss of dam
embankment) will occur. It is also required thaention facilities be as shallow as
possible to encourage infiltration and other losfale captured urban runoff. When a
trickle outflow can be accepted downstream or dlstoaduit can be built, it shall be
provided and sized in accordance with the locgligraved release rates, and be
preferably capable of emptying the full volume @venty-two (72) hours or less.

(c) All retention ponds must be built with a pulygck-up system and with a concrete
hard surface at the bottom of the pond that isldapaf evacuating the full volume in
seventy-two (72) hours or less.

(d) All retention ponds must be built and operatedccordance with all applicable State
and Federal laws and must respect all establisla¢erwights.

Section 3.4 is amended to read as follows:

Reservoir Routing of Storm Hydrographs for Siaing of Storage Volumes

The reservoir routing procedure for the sizing etiethtion storage volumes is more
complex and time consuming than the use the FA&quuare. Its use requires the
designer to develop an inflow hydrograph for thelitg. This is generally accomplished
using SWMMcomputer models as described in the RUNOFF chaptbis Manual.

The hydrograph routing sizing method is an itemfivocedure that follows the steps
detailed below (Guo 1999b).

1. Select LocatianThe detention facility’s location must be basedm criteria

developed for the specific project. Regional stertgilities are normally placed where
they provide the greatest overall benefit. Multewbjectives (e.g. use of the detention
facility as a park or for open space, preservingrorviding wetlands and/or wildlife
habitat, or others uses and community needs) infei¢he location, geometry, and nature
of these facilities.

2. Determine HydrologyDetermine the inflow hydrograph to the storagsitand the
allowable peak discharge from the basin for thégmestorm events. The hydrograph
may be available in City’s published Master Dram&jans or other basin-wide studies.
The allowable peak discharge is limited by the llecieria or by the requirements
spelled out in the City-approved Master DrainagnPlI

3. Initial Storage Volume Sizindt is recommended that the initial size of théedé&on
storage volume be estimated using the modified F#e¥hod described in Section 3.2.3
or the hydrograph volumetric method detailed intfeac3.4.1.
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(14)
4.3

4. Initial Shaping of the FacilityThe initial shape of the facility must be baspdm site
constraints and other goals for its use discuseddritem 1, above. This initial shaping
is needed to develop a stage-storage-dischargenrshaip for the facility. The design
spreadsheets of this Manwak useful for initial sizing.

5. Outlet Works Preliminary Desigmhe initial design of the outlet works entails
balancing the initial geometry of the facility agsii the allowable release rates and
available volumes for each stage of hydrologic mnt his step requires the sizing of
outlet elements such as a perforated plate foraking the releases of the WQCV,
orifices, weirs, outlet pipe, spillways, etc.

6. Preliminary DesignA preliminary design of the overall detentionraige facility

must be completed using the results of steps Bdsbaabove. The preliminary design
phase is an iterative procedure where the sizeslape of the basin and the outlet works
are checked using a reservoir routing procedurdlzmmodified as needed to meet the
design goals. The modified design is then checkaihausing the reservoir routing and
further modified if needed. Though termed “preliariy design,” the storage volume and
nature and sizes of the outlet works are essgntiafinal form after completing this
stage of the design. They may be modified, if neags during the final design phase.

7. Final DesignThe final design phase of the storage facilitgampleted after the
hydraulic design has been finalized. This phaskid®es structural design of the outlet
structure, embankment design, site grading, a atigatplan, accounting for public
safety, spillway sizing and assessment of damysafeties, etc.

Section 4.3 is amended to read as follows:

Geometry of Storage Facilities

(@) The geometry of a storage facility dependsspacific site conditions such as

adjoining land uses, topography, geology, presgreincreating wildlife habitat, volume

requirements, etc. Several key features must berpocated in all storage facilities
located within the City (see Figure SQ-Bhese include:

i. Fourtoone (4H : 1V) or flatter side slopes dfanks.

ii. Low-flow or trickle-flow channel unless a permanpnbl takes its place or the pond
is designed to handle low flows through infiltratio

iii. Forebay.

iv. Pond bottom sloped at least one percent to draiartbthe low-flow or trickle-flow
channel or the outlet.

v. Emergency spillway or fortification of the embankiheo prevent catastrophic
failure when overtopped, spillway shall be desigimdafely convey the 100-year
overtopping discharge for the entire area tributarthe storage facility.

vi. The micro pool surface elevation must be set atlamation equal to the invert of
the pond which results in the value ofyDbeing set at 0 (f3 = 0) as shown in
Figure SO-6 of this Manual.

(b) For safety as well as maintenance considersitithe maximum allowable ponding

depth of water in a detention storage facility dgrthe 100-year, 2-hour storm event is

ten (10) feet.

(c) Detention storage facilities must be locatedeast twenty (20) feet away from an
irrigation canal or ditch. Whenever a detentiomggarallels a canal no more than
twenty percent (20%) of the detention pond perimetn be parallel to the irrigation
canal.
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(15)
4.8

(d) In ponds that contain a littoral zone, thtot#l zone should be very flat (i.e. 40H:1V
or flatter) with the depth ranging from six (6) s near the shore and extending to no
more than twelve (12) inches at the furthest pivorh the shore.

(e) For more detailed guidance regarding pondisgaand geometry please refer to the
document titled “Detention Pond Landscape StandandsGuidelines” dated November
2009 included as an addendum to this Manual.

Section 4.8 is amended to read as follows:
Trash Racks

(16)
4.9

Trash racks must be of sufficient size such they tto not interfere with the hydraulic
capacity of the outlet. See Figure S@7 minimum trash rack sizes. Trash racks must
be designed in accordance with the specificatiehosth in Volume 2, Chapter 9,
Culverts, Section 8.3, “Grate Specifications” arithwhe City's Water Utilities
Development Construction Standards.

Section 4.9 is amended to read as follows:

Landscaping

(17)
4.10

Detention storage facilities must be landscapgurdeide a water quality benefit as well
as an aesthetically pleasing amenity. Landscaglmogld be accomplished with native
vegetation whenever possible to reduce the amodnirrigation required after
establishmentAll detention ponds must be designed and constiuateccordance with
the “Detention Pond Landscaping Standards and Guoéd2 dated November 2009
included as an addendum to this Manual.

Section 4.10 is amended to read as follows:

Operation and Maintenance

The performance and reliability of detention sterdacilities can be reduced by natural
and man-made debris, as well as natural and mamcéudsedimentation. These can,
over a period of time, reduce the storage capafitydetention basin and thereby reduce
the degree of flood protection provided. The oluttom of outflow conduits by debris
and sediment can reduce outlet capacity and chesprémature filling of the detention
basin with stormwater, again reducing the floodtgrtion provided by the structure.
Consequently, adequate care must be exercisedignd® provide for protection of the
outlet works from debris and for the control angular removal of sedimentation in the
basin.

Maintenance requirements during design includddhewing:

1. Use of flat side slopes along the banks and thallagon of landscaping (thick,
thorny shrubs) that will discourage entry along pleeiphery near the outlets and
steeper embankment sections are advisable. Ussadéty railing at vertical or
steeper than four to one structural faces is reduis promote public safety. If
the impoundment is situated at a lower grade thad,adjacent to a highway,
installation of a guardrail is in order. Providifegatures to discourage public
access to the inlet and outlet areas of the faciliist be considered.

2. The facility must be accessible to maintenancepenent for removal of silt and
debris and for repair of damages that may occur toive. Easements and/or
rights-of-way are required to allow access to thpaundment by the owner or
agency responsible for maintenance.
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10.

11.

12.

13.

14.

Bank slopes, bank protection needs, and vegethti@s are important design
elements for site aesthetics and maintainability.

Permanent ponds must have provisions for completieatje for sediment
removal or other maintenance. The frequency ofisedi removal will vary
among facilities, depending on the original voluse¢ aside for sediment, the
rate of accumulation, rate of growth of vegetatidnainage area erosion control
measures, and the desired aesthetic appearartoe mérd.

For facilities designed for multipurpose use, emdlgcthose intended for active
recreation, the play area might need special cersfidn during design to
minimize the frequency and periods of inundatiod aet conditions. It may be
advisable to provide an underground tile drainggtesn if active recreation is
contemplated.

Adequate dissolved oxygen supply in ponds (to mizénodors and other
nuisances) can be maintained by artificial aeratitse of fertilizer and EPA
approved pesticides and herbicides adjacent tpetrmanent pool pond and
within the detention basin must comply with allt8tand Federal regulations.
Secondary uses that would be incompatible withrsedi deposits should not be
planned unless a high level of maintenance wilhtmvided.

French drains or the equivalent are almost impéssibmaintain, and should be
used with discretion where sediment loads arecapéthigh.

Underground tanks or conduits designed for detergimuld be sized and
designed to permit pumping or multiple entrancenf®io remove accumulated
sediment and trash.

All detention facilities should be designed witHfmient depth to allow
accumulation of sediment for several years pridtstoemoval.

Permanent pools should be of sufficient depth soalirage excessive aquatic
vegetation on the bottom of the basin, unless fipalty provided for water
quality purposes.

Often designers use trash racks and/or fencesrimiae hazards. These may
become trap debris, impede flows, hinder mainte@aaied, consequently, fail to
prevent access to the outlet. On the other harsitadide conditions can be
achieved through careful design and positioninthefstructure, as well as
through landscaping that will discourage accesg,(positioning the outlet away
from the embankment when the permanent pool ieptestc.). Creative
designs, integrated with innovative landscaping, lwa safe and can also enhance
the appearance of the outlet and pond. Such desftgrsare less expensive
initially.

To reduce maintenance and avoid operational pmehleutlet structures should
be designed with no moving parts (i.e., use ontegi orifices, and weirs).
Manually and/or electrically operated gates shiadvoided. To reduce
maintenance, outlets should be designed with ogeras large as possible,
compatible with the depth-discharge relationshigsirgéd and with water quality,
safety, and aesthetic objectives in mind. One Wajoong this is to use a larger
outlet pipe and to construct orifice(s) in the heallito reduce outflow rates.
Outlets should be robustly designed to lessenhbaaes of damage from debris
or vandalism. Avoid the use of thin steel platestarp-crested weirs to help
prevent potential accidents, especially with claidrTrash/safety racks must
protect all outlets.

Clean out all forebays and sediment traps on daegasis or when routine
inspection shows them to be a quarter to half full.
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(18)
4.11

(19)

4.14

15. For all landscaped storage facilities the minimamount of biodegradable,
nontoxic fertilizers and herbicides needed shallsed to maintain the facility.
All landscape debris must be collected and dispo$ed-site.

16. All detention facilities must be designed to mirgerequired maintenance and
to allow access by equipment and workers to perfoaintenance. The City will
generally maintain regional facilities and facdiion public lands. Maintenance
responsibility for facilities located on privatenthshall be the responsibility of
the property owner.

17. The entire detention basin including all appurteesmecessary for the operation
and maintenance of the detention facility and tlea avithin the required
freeboard for the detention storage must be wahiledicated drainage easement.

18. All detention ponds with a water ponding depth wéofour (4) feet must have a
water depth gauge. The depth gauge must be retmtaa the deepest point in
the pond. The numbers on the gauge shall be visiine the detention pond
access point or the nearest street.

See Volume 3 of this Manual for additional requiezns regarding operation and
maintenance of water quality-related facilitiesnsoof which also apply to detention
facilities designed to meet other objectives.

Section 4.11 is amended to read as follows:

Access

(@) An all-weather stable maintenance access rbesprovided to the bottom of
detention ponds. The surface of this maintenaccess shall constitute a solid driving
surface of gravel, rock, concrete, or gravel-sizadd turf and should allow maintenance
access to the inflow forebay, and the outlet wanleas. Maximum grades for equipment
access shall be no steeper than ten percent. drdispess than one acre-foot in volume,
access may be allowed from an adjacent drivablaseithat is not within the detention
pond area as long as equipment can safely reachmaimtiain all of the facility’s features
and appurtenances.

(b) When detention storage facilities abut privateperty, it is the responsibility of the
parties involved to develop and implement a pategarding fencing and safety.

A new Section 4.14 is added, to read as follows:

Trickle Channels in Storage Facilities

(a) Measures must be taken to control standingeatd to control nuisance flows.
Detention basin bottoms are recommended to havieienom cross slope (measured
perpendicular to the trickle channel) of two petdengrassed surfaces and one percent
for pavement surfaces where possible. For crogpesltess than these please refer to the
detailed guidance provided regarding the approgmmids of the use of trickle channels in
the addendum to this Manual titled “Detention Pbaddscape Standards and
Guidelines” dated November 2009.

(b) Whenever trickle channels are called for thasst be designed to carry
approximately one percent of the 100-year desigw fhith a minimum longitudinal
slope of half a percent.
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(20)

4.15

A new Section 4.15 is added, to read as follows:

Detention Ponds in Parking Areas

(21)

4.16

(&) The maximum permissible detention pond depthimvparking areas is twelve (12)
inches.

(b) For commercial properties an exception maytaated by the Utilities Executive

Director or his designee for ponding depths of opetghteen (18) inches, if the

percentage of spaces with ponding depths of grétaaer twelve (12) inches is less than
twenty-five percent (25%) of the total parking sgmprovided.

(c) In all circumstances, one foot of freeboardstrhe provided between the high water
elevation and the minimum opening elevations oéeeljit buildings.

(d) If a water quality detention is included irparking lot detention pond, the water
quality portion of the total detention volume mbst located in vegetated areas not on
pavement.

A new Section 4.16 added, to read as follows:

Underground Detention

(22)
4.17

The use of underground detention is generally disged. Underground BMPs should
not be considered for detention storage when seHfased systems are practicalbler
most areas of new urban development or significadevelopment, it is feasible and
desirable to provide the required storage on théase. The responsible party must
demonstrate that surface-based detention or othitsBhave been thoroughly evaluated
and found to be infeasible before an undergroustesy is proposed. In the event where
an underground storage system is proposed, a mvritguest for approval of such a
system must be submitted by the Owner describiag¥stem in detailing. The Utilities
Executive Director may approve such a system upomletermination that the
requirements of this provision have been met aatrtb adverse impacts are expected to
result from the proposed system. For any undergrodetention, runoff must flow
through a pre-treatment facility before it entene underground detention facility. A
standard operating procedures manual must be sebnaibtd approved by the City for all
underground facilities. A final copy of the appedvstandard operating procedures
manual must be provided to City and must be maiathbn-site by the entity responsible
for the facility maintenance. Annual reports musbébe prepared and submitted to the
City discussing the results of the maintenance narog(i.e. inspection dates, inspection
frequency, volume loss due to sedimentation, ctueactions taken, etc.).

A newSection 4.17 is added, to read as follows:
Rooftop Detention

(23)
4.18

The use of rooftop detention is prohibited.
A new Section 4.18 is added, to read as follows:

On-Stream Storage Facilities

The use of on-stream detention is strongly disagedata Off-stream detention is the
preferred detention storage method in the City-s@@am detention locates the detention
facility on a drainageway that collects runoff frahe upstream watershed and flows
through the proposed development site. The onsatrfaaility will treat runoff from the
proposed development site and runoff generatetiduripstream from off-site areas. An
off-stream storage facility collects and treatsoffifrom the proposed development site
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before entering the drainageway. Off-site flow éseeyed by the drainageway through
the proposed development site without treatment.

(24) A new Section 4.19 is added, to read as follows:

4.19 Spill Control for Gas Stations and Vehicle Maitenance Facilities
Spill control structures are required for all nemdaedeveloping gas stations and vehicle
maintenance facilities. In addition to emergenpiyl sesponse procedures, such as the
use of absorbent booms, structural spill controlsstntbe used to protect creeks and
tributaries from petroleum products and other galits that are stored and handled at
gas stations and vehicle maintenance facilitiebe 3pill control structure must have a
minimum capacity of 150 gallons.

(25) Section 5.0 is deleted in its entirety.

(26)  Section 6.1 is deleted in its entirety.

(27) Table SO-1is deleted in its entirety.

(28) Figure SO-8is deleted in its entirety.
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(1) Volume 2, Chapter 12 - Revegetation:
Q) A new Section 3.1.1 is added, to read as follows:

3.1.1 Cattail Plantings

Cattail plantings are generally not recommendedi$aras wetland plantings in the city
of Fort Collins. These may be allowed as padrobverall wetlands mitigation plan,
when they are part of a more diversified ecologsgatem upon review and approval by
the City.

(2) Section 3.3 is amended to read as follows:

3.3 Seeding and Planting

(a) Seed mixtures must be sown at the proper time af gpecified for
the mixture.

(b) Recommended seeding rates specified as “pounddipeireced per
acre” (Ibs PLS/acre) should be used.

(c) Seed should be drill seeded, whenever possible.

(d) Broadcast seeding or hydro-seeding may be sulestitah slopes
steeper than 3(H):1(V) or on other areas not prakctd drill seed.

(e) Seeding rates must be doubled for broadcast seedingreased by
50% if using a Brillion drill or hydro-seeding.

(f) Broadcast seed must be lightly hand raked intctlie
(g) Seed depth must Beto ¥z inch for most mixtures.

(h) All seeded areas must be mulched, and the mulaiishe adequately crimped and
or tackified.

(i) If hydro-seeding is conducted, mulching must bedcoted as a separate, second
operation.

()) All containerized nursery stock must be kept iiva hnd healthy condition prior to
installation.

(k) Containerized trees and shrubs must be installedrding to the planting details
provided in Section 4.4 of this chapter.

() Live stakes, poles and willow bundles must be Ilestavhen dormant (late winter
and early spring) according to the planting detailSection 4.7.

(m)Beaver protection must be provided for trees andtshfor species known to be
attractive to beavers if beavers are known to libérarea (see Figure RY-6

3) Section 3.4 is amended to read as follows:
3.4 Maintenance

(a) Sites must be routinely inspected following plagtio implement
follow-up measures to increase success. Immedittatioan to a
problem (e.g., weed infestation, failure of seedyémminate) can
prevent total failure later.
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(4)
4.2

(b) Areas that have been planted or seeded must bearamhiat least
one spring and one fall season to ensure that ¢dlysividence
growth has been adequately established. Physidderece of
growth shall include no more than 6 inches of bspets and a
minimum of seventy percent of vegetative cover othex entire
seeded or planted area. If these minimums arattaihed after one
fall and one spring season, planted areas shallrebseeded
appropriately as soon as practical.

(c) Access to and grazing on recently re-vegetatedsasbauld be
limited with temporary fencing and signage whileaik are
becoming established (normally the first year).

(d) Weed infestations should be managed using appteppiaysical,
chemical, or biological methods as soon as possidée Vol. 2, Ch.
12, Sec. 6.0, “References” for more detail on westhagement
options.)

(e) Stakes and guy wires for trees should be mairdaarel dead or
damaged growth should be pruned.

() Beaver protection cages should be used arounglaagngs.

(g) Mulch should be maintained by adding additional chuland
redistributing mulch, as necessary.

(h) Areas of excessive erosion should be repaired t@filized.

() Planted trees and shrubs should be watered moathfs needed
from April through September until established.

Section 4.2 is amended to read as follows:
Soil Amendments

()
4.5

Soil amendments must comply with all requiremeetsfarth in sections 12-130, 12-131
and 12-132 of the City Code as well as Sectior23.8f the City Land Use Code or other
related provisions.

When soil is amended the following provisions mstomplied with:

(@) The soil in such areas must be thoroughly looséneddepth of not less than eight
(8) inches.

(b) Soil amendments must be thoroughly incorporated ihe soil of such areas to a
depth of at least six (6) inches by tilling, digkiar other suitable method, at a rate of
at least three (3) cubic yards of soil amendmenbpe thousand (1,000) square feet
of area to be planted, unless at least four (4)@a®f loose top soil has been placed
on the area after completion of construction aigtioh top of not less than four (4)
inches of loosened sub grade soils.

Section 4.5 is amended to read as follows:
Mulching

All planted areas must be mulched within twentyrf¢24) hours after planting. Mulch
conserves water and reduces erosion. The most contype of mulch used is hay or
grass that is crimped into the soil to hold it. Heer, crimping may not be practical on
slopes steeper than three to one (3H: 1V).
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The following guidelines must be followed whenlaming:

(&) Only weed-free and seed-free straw mulch may be (gess hay often contains
weedy exotic species). Mulch should be appliedvad €2) tons per acre and
adequately secured by crimping, tackifier, nettimghlankets.

(b) Crimping is appropriate on slopes of three to ddté { 1V) or flatter and must be
done so as to tuck mulch fibers into the soil thoefour inches deep.

(c) Tackifier or netting and blankets anchored withpka must be used on slopes
steeper than three to one (3H : 1V)

(d) Hydraulic mulching may also be used on steep slopaghere access is limited. In
these circumstances, wood cellulose fibers mixeth wiater at two thousands
(2,000) to two thousands five hundred (2500) poyretsacre and organic tackifier at
one hundred (100) pounds per acre to four hundted) (pounds per acre, depending
on slope, must be applied with a hydraulic mulcher.

(e) Wood chip mulch must be applied to planted treab stirubs, as shown in Figures
RV-2 and RV-3

Additional details on mulching can be found inlvMoe 3 of this Manual.

(6) Table RV-1is adopted with the following modification:

All references to wildflowers are deleted.

(7 Table RV-2 is adopted with the following modification:

All references to wildflowers are deleted.

(8) Table RV-3is adopted with the following modification:

All references to wildflowers are deleted.

(9) Table RV-4 is adopted with the following modification:

All references to wildflowers are deleted.

(10)  TableRV-5is adopted with the following modification:

All references to wildflowers are deleted.

(11) TableRV-6is adopted with the following modification:

All references to wildflowers are deleted.

(12) TableRV-7is deleted in its entirety.

(13) A new Section 5.1 is added, to read as follows:

5.1 Land Disturbing Activity and Security

(a) No land disturbing activity subject to this StormemaCriteria Manual is

permitted to commence until an Erosion Control Plaa been approved
by the City and the responsible party has proviskzlrity designated to
ensure the rehabilitation of the disturbed landand. disturbing activity
refers to any activity that results in a changehia existing soil cover
(both vegetative and non-vegetative) and/or thstiexj soil topography

including but not limited to, clearing, grading,cexation, demolition,
installation of new or improved haul roads and asceoads, staging
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areas, stockpiling of fill materials, and borroveas. It does not include
routine maintenance to maintain original line anchdg, hydraulic

capacity, or original purpose of the facility. Aerformance bond,
irrevocable letter of credit, or cash escrow, atatdp to the Utilities

Executive Director, and naming the City as the gut#d party, is

required. Such performance bond, irrevocable rlaifecredit, or cash

escrow shall further guarantee the continued miagmee and

replacement of any installed erosion control messwhown on the
approved plan.

(b) The amount of the security must be based on oneaachalf times the
estimate of the cost to install the approved messuar one and one-half
times the cost to re-vegetate the disturbed larmdtydand grasses based
upon unit cost determined by the City's Annual Retation and
Stabilization Bid, whichever is greater. In notarece, will the amount of
security be less than one thousand five hundrethrdo($1,500) for
residential development or three thousand dolla$3,000) for
commercial development.

(c) If the requirements of an approved Erosion ConPtdn are not be
complied with, the City may apply such portion loé tsecurity deposit(s)
as may be necessary to pay all costs incurred éCity in undertaking
the administration, construction, and, or the itetian of the erosion
control measures required by any plan and theserieri In addition, the
City shall have the option to pursue any otherllegmedy available to it
under any development agreement or as it deemssagein order to
ensure that the required erosion control measuecisrglemented.

(d) In the event that the City exercises its rightseaurttie security or pursues
any other legal remedy, the City is not thereaftieligated to routinely
administer the construction of the measures showth® Erosion Control
or SWMP Plan. However, the City reserves the righénter upon the
land and take whatever actions are necessary diztaand re-vegetate
all disturbed areas, or to have the plan constriuatel to make repairs as
necessary.

(e) Upon acceptance by the City of the initial instiédla of all erosion
control and sediment transport measures, the $gcnay, at the request
of the owner, be reduced to twenty-five percentR®f the original
amount. This remaining amount will be retainedhsy City until erosion
control and sediment transport measures on thesgirgre no longer
necessary (when all permanent erosion control mesasare complete
and/or all required re-vegetation measures instaed established
through two growing seasons). If the City deterrainéier completion of
the Close-Out Inspection as definedsaation 6.12, Volume 1, Chapter 1,
that the responsible party has met all of the apple requirements and
the security will be released.

(14) A new Section 5.2 is added, to read as follows:

5.2 Warranty
(&) The responsible party must warrant that the measirewn on the approved
Erosion Control Plan are properly constructed,aihestl, and are free from
defective materials and/or workmanship, with saatranty to continue for
the terms set forth below.
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(b) The responsible party must warrant and maintainegetative measures for
two growing seasons after installation or until essty percent (70%)
vegetative cover has been established. Any acoepiaf installed measures
shall not be construed to relieve the responsibiéymf the duty to warrant
and maintain the installed vegetative measurefoassaid.
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(J) Volume 3, Chapter 2 - BMP Selection:

(1) Section1.1is amended to read as follows:

1.1 Physical Site Characteristics
The first step in BMP selection is identificatiohphysical characteristics of a site including
topography, soils, contributing drainage area, gdoater, base flows, wetlands, existing
drainageways, and development conditions in thetary watershed (e.g., construction activity).
A fundamental concept of Low Impact Development D) is preservation and protection of
site features including wetlands, drainagewayds sioat are conducive to infiltration, tree
canopy, etc., that provide water quality and otiemefits. LID stormwater treatment systems are
also designed to take advantage of these nats@lirees. For example, if a portion of a site is
known to have soils with high permeability, thisamay be well-suited for rain gardens or
permeable pavement. Areas of existing wetlandsglmvould be difficult to develop from a
Section 404 permitting perspective, could be careid for polishing of runoff following BMP
treatment, providing additional water quality treaht for the site, while at the same time
enhancing the existing wetlands with additionalexatpply in the form of treated runoff. Some
physical site characteristics that provide oppatiesmfor BMPs or constrain BMP selection
include:
(a) Soils Soils with good permeability, most typically assted with Hydrologic Soil
Groups (“HSGs") A and B provide opportunities fofiltration of runoff and are well-
suited for infiltration-based BMPs such as raindgais, permeable pavement systems,
sand filter, grass swales, and buffers, often witlibe need for an underdrain system.
Even when soil permeability is low, these type8bfPs may be feasible if soils are
amended to increase permeability or if an undemdsgstem is used. In some cases,
however, soils restrict the use of infiltration ed88MPs. When soils with moderate to
high swell potential are present, infiltration shibbie avoided to minimize damage to
adjacent structures due to water-induced swellingome cases, infiltration based
designs can still be used if an impermeable limeranderdrain system are included in
the design; however, when the risk of damage tacaudit infrastructure is high,
infiltration based BMPs may not be appropriateallrcases, consult with a geotechnical
engineer when designing infiltration BMPs nearatites. Consultation with a
geotechnical engineer is necessary for evaluatiegtitability of soils for different BMP
types and establishing minimum distances betwedtration BMPs and structures.

(b) Watershed Siz&he contributing drainage area is an importansim@ration both on
the site level and at the regional level. On tie Isivel, there is a practical minimum size
for certain BMPs, largely related to the abilitydi@in the WQCYV over the required drain
time. For example, it is technically possible tnesihe WQCYV for an extended detention
basin for a half-acre site; however, designingretional outlet to release the WQCV
over a 40-hour drain time is practically impossithie to the very small orifices that
would be required. For this size watershed, ariiiiteBMP, such as a rain garden, would
be more appropriate. At the other end of the spettthere must be a limit on the
maximum drainage area for a regional facility teuae adequate treatment of rainfall
events that may produce runoff from only a portibthe area draining to the BMP. If

the overall drainage area is too large, eventsgtmatuce runoff from only a portion of

the contributing area will pass through the BMAetukized for the full drainage area)
without adequate residence time in the BMP. Asaatpral limit, the maximum drainage
area contributing to a water quality facility shele no larger than one square mile.

For treatment facilities serving tributary areaattare larger than one (1) acre in size, an
extended water quality detention basin is the prefeand recommended water quality
treatment device.
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(c) GroundwaterShallow groundwater on a site presents challefageBMPs that rely

on infiltration and for BMPs that are intended tdry between storm events. Shallow
groundwater may limit the ability to infiltrate rafi or result in unwanted groundwater
storage in areas intended for storage of the WQEY.,(porous sub-base of a permeable
pavement system or in the bottom of an otherwigdatrility such as an extended
detention basin). Conversely, for some types of BMich as wetland channels or
constructed wetland basins, groundwater can befibeidy providing saturation of the
root zone and/or a source of baseflow. Groundwaiatity protection is an issue that
should be considered for infiltration-based BMmPdiltration BMPs may not be
appropriate for land uses that involve storageseraf materials that have the potential to
contaminate groundwater underlying a site (i.eot 4pot" runoff from fueling stations,
materials storage areas, etc.). If groundwateoibcentamination exists on a site and it
will not be remediated or removed as a part of tanson, separation from the
groundwater must be provided. As an example, it bganecessary to use a durable liner
to prevent infiltration into contaminated areas.

(d) Base FlowsBase flows are necessary for the success of ®MBs such as
constructed wetlands ponds, retention ponds ankneethannels. Without base flows,
these BMPs will become dry and unable to suppotiawe vegetation. For these BMPs,
a hydrologic budget should be evaluated. Generallter rights are also required for
these types of BMPs in Colorado. Constructed wdtlponds are allowed provided
adequate documentation is submitted to establigh ptesence of a sufficient and
sustained flow of water to support the proposecetat@n in the planned constructed
wetlands. Hydrologic documentation must be suppt@ the City during the initial
planning phase. The City must also receive adegimtumentation to establish that the
responsible party has secured the required watgttsrito sustain the proposed
constructed wetlands ponds. The City is the finatetmining authority regarding
whether the amount of water flow is deemed sufficte supporthe wetlands.For some
BMPs such as sand filters, base flows are notal@siisince they may lead to bio-fouling
and failure. If base flows are present, care shdwel taken to treat the runoff with an
appropriate type of BMP that can better handle saetditions.

(e) Watershed Development Activities (or othervasasive conditions)Vhen
development in the watershed is phased or wheiverosnditions such as steep slopes,
sparse vegetation, and sandy soils exist in thergla¢d, a treatment train approach may
be appropriate. BMPs that utilize filtration shofddlow other measures to collect
sediment loads (e.g., a forebay). For phased dewelots, these measures must be in
place until the watershed is completely stabilia&then naturally erosive conditions
exist in the watershed, these measures shouldrb@pent. The designer should
consider existing, interim and future conditionsédect the most appropriate BMPs.

(2) Section 1.9is amended to read as follows:

Integration with Flood Control

In addition to water quality, most projects wilbrgre detention for flood control, whether on-
site, or in a sub-regional or regional facility.rmany cases, it is efficient to combine facilities
since the land requirements for a combined facdity lower than those for two separate
facilities. Wherever possible, it is recommended @(facilities be incorporated into flood
control detention facilities

The City requires the following approach be follalwas applicable:
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(a) Water QualityThe full WQCYV is to be provided according to thesign procedures
documented in this Manual for water quality faikt

(b) Minor Storm The full WQCV, plus the full minor storm detemigolume, is to be
provided for facilities designed for flows assoethtvith minor storm events.

(c) 100-Year StormThe full WQCYV plus the full 100-year storm eveslume must be
provided for volumes obtained using the FAA Metlodny hydrograph routing
methods including SWMM for facilities designed ftmws associated with 100-year
storm events. When the analysis is done using lgydph routing methods, each level of
control needs to be accounted for and the resul@®year flood control volume in
addition to the full WQCYV should be used in finakign.

Finally, designers should also be aware that waiality BMPs, especially those that promote
infiltration, could result in volume reductions fitwod storage. These volume reductions are
most pronounced for frequently occurring events dven in the major event, some reduction in
detention storage volume can be achieved if voluedection BMPs are widely used on a site.
Additional discussion on volume reduction benefits|uding a methodology for quantifying
their effects on detention storage volumes, isidexin Volume 3, Chapter 3 of this Manual,
“Calculating the WQCV and Volume Reduction”.

1.9.1 Sedimentation BMPs

Combination outlets are relatively straightforwémdmost BMPs in this Manual. For
BMPs that utilize sedimentation (e.g. EDBs, coredrd wetland ponds, and retention
ponds) see BMP Fact Sheet T-12. This Fact Sheatsseawamples and details for
combined quality and quantity outlet structures.

1.9.2 Infiltration/Filtration BMPs

For other types of BMPs (e.g. rain gardens, sdtetdj permeable pavement systems,
and other BMPs utilizing processes other than sexiiation), design of a combination
outlet structure generally consists of multipleficeis to provide controlled release of
WQCV as well as the minor and major storm everotporation of full spectrum
detention into these structures requires reseraating. ThelUD-Detention worksheet
available at www.udfcd.organ be used for this design. When incorporatingdficontrol
into permeable pavement systems, the design caimipéified when a near 0% slope on
the pavement surface can be achieved. The flagpavement the fewer structures
required. This includes lateral barriers as welbatbet controls since each pavement cell
typically requires its own outlet structure. Whandrporating flood control into a rain
garden, the flood control volume can be placedoprof or downstream of the rain
garden. Locating the flood control volume downgtrezan reduce the total depth of the
rain garden, which will result in a more attractB®IP, and also benefit the vegetation in
the flood control area because inundation and &gedcsedimentation will be less
frequent, limited to events exceeding the WQCV.
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(3) Section 1.10is amended to read as follows:

1.10 Land Use, Compatibility with Surroundings, andSafety

Stormwater quality areas can add interest and sityeio a site, serving a multitude of purposes
in addition to providing water quality functionsafélens, plazas, rooftops, and even parking lots
can become amenities and provide visual interefievplerforming stormwater quality functions
and reinforcing urban design goals for the neighbod and community. The integration of
BMPs and associated landforms, walls, landscape,naaterials can reflect the standards and
patterns of a neighborhood and help to createyiivadfe, and pedestrian-oriented districts. The
quality and appearance of stormwater quality faedi should reflect the surrounding land use
type, the immediate context, and the proximity lef site to important civic spaces. Aesthetics
will be a more critical factor in highly visible l@n commercial and office areas than at a heavy
industrial site. The standard of design and constm should maintain and enhance property
values without compromising function. Public acc&ssBMPs should be considered from a
safety perspective. The highest priority of they@itto protect public health, safety, and welfare
of the citizens of Fort Collins. Stormwater quali&gilities must be designed and maintained in a
manner that does not pose health or safety hatartie public. As an example, steeply sloped
and/or walled ponds should be avoided. Where thisot possible, emergency egress, lighting
and other safety considerations should be incotpdrdacilities should be designed to reduce
the likelihood and extent of shallow standing wateat can result in mosquito breeding, which
can be a nuisance and a public health concern Wagt Nile virus). The potential for nuisances,
odors and prolonged soggy conditions should beuatedl for BMPs, especially in areas with
high pedestrian traffic or visibility.
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(K) Volume 3, Chapter-3 - Calculating the WQCV and Volume Reduction:

(1) Section 1.0is amended to read as follows:

1.0 Introduction

This chapter presents the hydrologic basis andilzdions for the Water Quality Capture Volume
(“WQCV") and discusses the benefits of attenuatinig volume. This chapter also describes
various methods for quantifying volume reductionewhusing LID practices. Use of these
methods should begin during the planning phaseifeliminary sizing and development of the
site layout. The calculations and procedures is tiiiapter allow the engineer to determine
effective impervious area, calculate the WQCV, amate accurately quantify potential volume
reduction benefits of BMPs.

(2) Section 2.4is deleted in its entirety.
(3) Section4.2is amended to read as follows:
4.2 Watershed-Level Volume Reduction Methdgor a given value of total

imperviousness, and depending on overall site impesness and typical development patterns
there are two levels of LID implementation:

(a) Level 1 The primary intent is to direct the runoff from impious surfaces to flow
over grass-covered areas and/or permeable pavearhtio provide sufficient travel
time to facilitate the removal of suspended sobdfore runoff leaves the site, enters a
curb and gutter system, or enters another stornnwatkection system. Thus, at Level 1,
to the extent practical, impervious surfaces agihed to drain over grass buffer strips
or other pervious surfaces before reaching a statewconveyance system.

(b) Level 2 As an enhancement to Level 1, Level 2 replacéd street curb and gutter
systems with no curb or slotted curbing, low-vetpa@rass-lined swales and pervious
street shoulders, including pervious rock-lined lewaConveyance systems and storm
sewer inlets will still be needed to collect runaft downstream intersections and
crossings where stormwater flow rates exceed thaadity of the swales. Small culverts
will be needed at street crossings and at indiVidtigeways until inlets are provided to
convey the flow to storm sewer. The primary diffeze between Levels 1 and 2 is that
for Level 2, a pervious conveyance system (i.ealss) is provided rather than storm
sewer. Disconnection of roof drains and otherdwoel impervious areas is essentially the
same for both Levels 1 and 2.

Figure 3-7 and Figure 3-8 can be used to estinfédetive imperviousness for Level 1
and Level 2. Because rainfall intensity varies wittturn interval, the effective
imperviousness also varies, as demonstrated bgdparate curves for the 2-, 10- and
100-year return intervals (see Figure 3-7 and Ei@B). The effective imperviousness
determined from Figure 3-7 and Figure 3-8 can hedl s input for calculation of the
WQCV, as the basis for looking up runoff coeffidefbased on imperviousness in the
Runoff chapter in Volume 1. Figure 3-7 and Figur@ are intended for use at the
planning level when specifics of the developmerttitgpas are not yet well established.

It is notable that the reductions in effective impeusness shown in Figure 3-7 and
Figure 3-8 are relatively modest, ranging froniditio no benefit for large events up to
approximately 12% for Level 2 for a total impervamess of roughly 50% (reduced to
about 38% for the 2-year eventWhen site-specific disconnected areas, receiving
pervious areas, flow paths, and other design detaéd available, the site-level methods
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in Section 4.3 can be used to better quantify veluaduction, and results will typically

show greater reductions in effective imperviousrfesaggressive LID implementation.

Even so, it is unlikely that conveyance-based BidiBse will provide adequate pollutant
removal and volume reduction for most project si@msd a storage-based BMP (i.e.,
WQCV) will also be required.

(4) Section4.3.1is amended to read as follows:

4.3.1 SWMM Modeling Using Cascading Planes

Because of complexities of modeling LID and othdtf using SWMM, the cascading
planes alternative for site-level volume reductamalysis is recommended only for
experienced users. The following guidance for cgamee- and storage-based modeling
must be followed:
(a) Each sub-watershed should be conceptualizeghasvn in Figure 3-6. Two
approaches can be used in SWMM to achieve this:
* Create two SWMM sub-catchments for each sub-wateisbne with UIA
100% routed to RPA and the other with DCIA and Sidependently routed
to the outlet, or
* Use a single SWMM sub-catchment to represent thenstershed and use
the SWMM internal routing option to differentiatettveen DCIA and UIA.
This option should only be used when a large pontibthe pervious area on
a site is RPA and there is very little SPA since ititernal routing does not
have the ability to differentiate between SPA ardAR(i.e., the UIA is
routed to the entire pervious area, potentiallyresgmating infiltration
losses).
(b) Once the sub-watershed is set up to represéntCIA, RPA and SPA in SWMM,
the rainfall distribution should be directly ingotSWMM.
(c) Parameters for infiltration, depression storage other input parameters must be
selected in accordance with the guidance in theoR@hapter ,Volume 1 - Chapter 5, of
this Manual.
(d) For storage-based BMPs, there are two optionsepresenting the WQCV:
i. The pervious area depression storage valueh®rRPA can be increased to
represent the WQCYV. This approach is generallyieaiple to storage-based BMPs
that promote infiltration such as rain gardenspmable pavement systems with
storage or sand filters. This adjustment shouldb#tised when a storage-based
BMP has a well-defined outlet and a stage-storagghdrge relationship that can
be entered into SWMM.
ii. The WQCV can be modeled as a storage unit aithoutlet in SWMM. This
option is preferred for storage-based BMPs with|wgdfined stage-storage-
discharge relationships such as extended detelpgisins.
These guidelines are applicable for EPA SWMM Vearst0.018 and earlier versions
going back to EPA SWMM Version 5.0. EPA is currgridbveloping a version of EPA
SWMM with enhanced LID modeling capabilities. Th#anual will be updated as
newer SWMM modeling capabilities are developed ashopted.

(5) Sction 4.4 is deleted in its entirety.
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(L) Volume 3, Chapter 4- Treatment BMPs:
(1) Fact Sheet T-5 is adopted with the following modification:

All references to “Excess Urban Runoff Volume oUfV)” and “Full Spectrum Detention” are
deleted.

(2) Figure EDB-3 is adopted with the following modification:
“Micropool” Depth =0

(3) Table EDB-4 is adopted with the following modification:

All references to “Micropools” are deleted.

(4) Fact Sheet T-7 is adopted with the following modification:
All references to “Retention Pond” are replacechulite term “Wet Pond”.

(5) Fact Sheet T-11 is amended to read in its entirety as follows:
Description

Underground stormwater BMPs include proprietary aod-proprietary devices installed
below ground that provide stormwater quality treattitrvia sedimentation, screening,
filtration, hydrodynamic separation, and other ptgisand chemical processes.
Conceptually, underground BMPs can be categoriasédbon their fundamental
treatment approach and dominant unit processese 8aderground BMPs combine
multiple unit processes to act as a treatment.train

Historically, underground stormwater quality treatrhdevices have not been
recommended based on City policies and criterigs iBldue to several factors including
problems with unmaintained or poorly maintainedides, remobilization by wash-out
(scour) of accumulated pollutants during largemésglack of performance data for
underground devices in the region, and other isgdisesissed in this Fact Sheet. While
underground flood-control detention is still discaged, this section provides criteria for
determining when the use of underground BMPs magoineidered for water quality.
When surface BMPs are found to be infeasible, ugrdend BMPs may be the only
available strategy for satisfying regulatory wajaality requirements, especially in
highly built-up urban areas where water quality sueas must be implemented as a part
of a retrofit to meet regulatory requirements.

Underground BMPs should not be considered for starelone treatment when
surface-based BMPs are practicablel-or most areas of new urban development or
significant redevelopment, it is feasible and dedi to provide the required WQCV on
the surface. It is incumbent on the design engitiedemonstrate that surface-based
BMPs such as permeable pavements, rain gardeesded detention basins and others
have been thoroughly evaluated and found to bagitiée before an underground system
is proposed. Surface-based BMPs provide numeratisoemental benefits including
infiltration, evapotranspiration, groundwater rergjeg aquatic habitat, mitigation of "heat
island effect", and other benefits associated wétlpetation for those that are planted.
Additionally surface-based BMPs are much easiendaitor and maintain.
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Site Selection

The most common sites for underground BMPs ared'ultban” environments with
significant space constraints. These could inctlmentown lot-line-to-lot-line
development projects, transportation corridorsroall (less than 0.5 acre)
redevelopment sites in urban areas. Importanfesiteires that must be considered
include the following:

Depth to Groundwater: Due to the potentially large displacement causedn
underground vault, if there is seasonally high gowater, buoyancy can be a problem.
Vaults can be sealed to prevent infiltration ofigrdwater into the underground system
and these systems can be anchored to resist lipdiétasonally high groundwater is
expected near the bottom of an underground systenengineer should evaluate the
potential for infiltration of groundwater and uplforces and adjust the design
accordingly.

Proximity to Public Spaces As material accumulates in an underground systieene is
potential for anoxic conditions and associated quioblems.

Gravity versus Pumped DischargeThe ability to drain to the receiving storm diage
system via gravity is an important considerationthle city of Fort Collins a gravity
outfall system is required for all underground BMPs

Access Equipment must be able to access all portiorteefinderground BMP, typically
at multiple locations, to perform maintenance. Kes $ize of the underground system
increases, so must the number of access points.

Traffic Loading : Due to space constraints, in some situationsengndund BMPs may
be located in a right-of-way or other location wddrere may be traffic loadings. Many
underground BMPs are or can be constructed for Bi8aific loading. Take additional
measures when necessary to ensure that the BMRBigned for the anticipated loading.

Potential for Flooding of Adjacent Structures or Property: For underground BMPs, it
is important that the hydraulic grade line be aradyto evaluate the potential for
backwater in the storm sewer system. In additiomestypes of underground BMPs,
such as catch basin inserts, have the potent@btpand cause flooding if not frequently
maintained.

Designing for Maintenance

All underground BMPs must be sized so that routiéntenance is not required more
than once per year. The only exception to thisl&t inserts which may need to be
cleaned as frequently as following each runoff pridg eventBecause underground
BMPs are generally less visible and more difficulto access than surface-based
BMPs, regular maintenance and early detection of péormance issues can be a
challenge.

When developing a design for an underground BM® gtigineer should ensure that all
portions of the underground facility can be accésgith maintenance equipment. For
multi-chambered systems, access should be protidegich chamber, and openings
should be of sufficient size to accommodate thepeaent recommended by the
manufacturer or designer for maintenance.
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Underground BMPs are generally considered confapeates and OSHA confined space
training typically will be required if a person mienter the underground BMP to
perform maintenance. In all cases, a maintenararegtiould be developed at the time
that the underground BMP is designed. The maintnalan should specify, at a
minimum, quarterly inspections with maintenanceqrened as needed based on
inspections. The required inspection frequency brayeduced to biannually if, after two
or more years, the quarterly regimen demonstratgshis will provide adequate
maintenance. Owners of underground BMPs must geowiritten inspection and
maintenance documentation to the City to ensutterétuguired inspection and
maintenance activities are taking place. All maiarece records must be kept on file by
the owner and must be provided to the City promptign request. Owner must
demonstrate that maintenance activities are ocmuomn an annual basis or on other
frequencies as specifically required.

Design Procedure and Criteria

Two primary options are available for undergroundms:

1. Underground BMPs Based on a Surface BMP desigBMPs that satisfy the
requirements for capture and slow release of theCW@nd that are based on and
designed in substantial conformance with the gaitfr surface-based BMPs described
in this Manual.

2. Underground Proprietary BMPs: Proprietary BMPs that satisfy the requirements fo
capture and slow release of the WQCV. The ownedsieedemonstrate that the BMP
will at a minimum treat the design storms flow s#@d volumes as stated in this Manual
as well as the slow release of the WQCV and proaitisrel of treatment for targeted
pollutants that is comparable to that of the s@faased BMPs provided in this Manual.

1. Underground BMPs Based on a Surface BMP Design

This class of underground BMP includes sand fit&sins and retention facilities
designed for below grade installation. The desigistprovide the WQCV and empty it
over a time period of 12 hours or more. Not aliref surface-based BMPs that provide
the WQCYV can be adapted for underground use. Fonple, the vegetative components
of a constructed wetland pond render it unsuitédleinderground use. Underground
extended detention basins are also problemati¢adbistorical problems with
remobilization of collected sediment. The most ownly used underground BMP to
date in the City is the underground sand filter.

In addition to the criteria for an above grounddséilber, underground sand filters should
meet the following criteria:

a) A pretreatment chamber for removal of coarsinsents with a volume equivalent to
0.10 times the WQCYV should be provided. The prétneat chamber must be separated
from the underground BMP sand filter chamber bylesfand serves as the sediment
forebay to reduce the frequency of maintenanceined|in sand filter. Also consider
incorporating a vertical baffle to trap oil and gge. This can be easily incorporated into
the forebay and should be included where oil ardgg are target constituents.
Absorbent mats or booms could also be used foiptinigose.

b) For flows in excess of the water quality destégent, a diversion must be sized so that
excess flows bypass the sand filter chamber andéahe filteris not surcharged (in terms
of depth or hydraulic grade line) beyond the WQC&ximum elevation.
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c) Maintenance access must be provided to eachlma Access must be sufficient to

allow complete removal and replacement of therfitbaterial. Allow for at least 6 feet of
headroom (from the surface of the filter) to fdailé maintenance. All areas need to be
designed to facilitate human access.

2. Underground Proprietary BMPs

In some situations, the use of an underground naatwried or proprietary BMP may be
the only practicable solution due to site or engiimg constraints. In such cases the use
of a proprietary BMP may be appropriate. Thererammerous proprietary BMPs with
wide variability in performance, design flow ratesjt processes, and volume of storage
provided (if any). Sizing methodologies for propaigy devices vary from device to
device—some are flow based, some are volume basede consider surfaceffilter
hydraulic loading, etc. As a result, this Manuatsloot seek to provide a one-size-fits-all
sizing methodology for proprietary BMPs. Instealis tManual provides criteria for
determining what type of proprietary BMP should bged and whether a specific
proprietary BMP is acceptable for use.

Once it has been determined that use of this BMEgoay is warranted due to site or
engineering constraints, the proprietary BMP muséinthe following requirements:

a) Technology Verification: The proprietary BMPush be verified for use by a
nationally recognized technology verification pragyr.
For the two main categories of proprietary BMiRese programs are:

For hydrodynamic separators

The New Jersey Corporation for Advanced Technold@§dCAT) Technology
Verification Program Http://www.njcat.org/verification/protocol.cfm Tier Il (Field
Testing) verification is required.

For filters or other technologies receiving standaltreatment designation

The NJCAT Tier Il (Field Testing) verification orompletion and approval by the
Washington State Department of Ecology (2002) TAdr&ocol and General Use Level
Designation for TSS are required. Reference: &nhdd for Evaluating Emerging
Stormwater Treatment Technologies, Technology Assest Protocol — Ecology
(TAPE), October 2002 (Revised June 2004), PubbtoatiNumber 02-10-037.
(http://www.ecy.wa.gov/biblio/0210037.htjnl

Verification by both programs is preferred. If thgecific design flow rates for the filters
differ, then the most conservative flow rate shooddused since sediment loads within
the Fort Collins region tend to be fine.

To receive an approval for use by the City, the ufarturer must also provide final
verification statements for the technology in cdesation.

b) Performance Standards:

Once accepted for use, the sizing of the BMP mestdme in accordance with the
verification and also achieve the treatment legglired by the City. In general, the
proprietary BMP approved for standalone treatmbatikl be capable, on an annual
basis, of producing an effluent quality with a nadir'SS concentration of no more than
thirty (30) mg/L, Event Mean Concentration (EMQ)r the WQCYV within a twelve (12)
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hour drawdown time for influent TSS concentratiohsene hundred forty (140) mg/l or
less. This level of treatment is comparable tdahg-term effluent median
concentrations from the International StormwatermBBBatabase for surface-based
BMPs. For influent TSS concentrations of one huddeety (140) mg/l or more an
eighty (80) percent load removal rate by the petpry BMP is required.

Depending on long-term median effluent concentratiand whether or not the BMP
provides the required WQCYV, a proprietary undergcbBMP will fall into one of three
categories:

1. Not recommendedThis category is for underground BMPs that have not
demonstrated the ability to capture the requiredGNV@r meet the performance
expectation of thirty (30) mg/l TSS effluent foflirent TSS concentrations that are less
than one forty (140) mg/l or an eighty (80) peracemhoval rate for influent TSS
concentrations of one forty (140) mg/l or more.e&v¥or underground BMPs that meet
these conditions, these are not recommended ifaleegeemed by the City to be too
difficult and, or too expensive to maintain compubie a surface BMP alternative. The
City is the final determining authority regardingp@ther these are considered too
difficult or too expensive to maintain over the doierm.

2. Pretreatment: This category is for underground BMPs that gengiaibvide little, if
any, surcharge storage WQCV. BMPs in this categmy be useful as an initial step in a
treatment train approach to water quality. A BMPetirey these criteria could be used in
conjunction with a downstream BMP that provideswslelease of the WQCV. For
pretreatment applications, verification programmam the same however since the
volume storage and fine fraction of the TSS areresighd through separate unit
processes, the primary design criteria are thatBhW#® be sized to meet the peak
hydraulic flow association with the entire treatrinain.

To avoid washout, the peak treatment flow will e tsame as verified by NJCAT
associated with the eighty (80) percent removad @&tthe NJCAT PSD. Flows in
excess of the water quality design event Flowsgess of the water quality design event
need to be bypassed to avoid re-suspension andutashaccumulated sediments.

3. Standalone:This category is for underground BMPs that dematstthe ability to
meet the performance expectation of thirty (30)IM&S EMC effluent for influent
concentrations that are less than one hundred fo4) mg/l or an eighty (80) percent
removal rate for influent TSS concentrations of boadred forty (140) mg/l or more.
"Standalone" devices must be designed to providéhéorelease of the WQCYV in no less
than twelve (12) hours. Furthermore, this categd®MP can only be used where it is
determined that surface BMPs are not feasible.

In some situations such as in highly urbanizedsavégth existing infrastructure, right of
way issues, achieving this level of treatment fag entire WQCV using a twelve (12)
hour drawdown period may not be practicable. Irhstases the design of the proprietary
BMP must be done to the Maximum Extent Practic8dEP).

The MEP design approach for underground manufadtBidPs will only be allowed
when this is the only practicable alternative alaé to achieve any level of water
guality treatment. In such cases, the design eegimust present sufficient information
to:
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» Gain acceptance of a specific proprietary BMP, gilre verifications described
above

» Demonstrate that due to site and engineering @intirthat this approach is the
most viable solution

» Demonstrate that the technology is sized and dedignaccordance with the
applicable verification

* Show that the MEP approach was used to approatie tmaximum extent
practicable the treatment levels and volumetridgoequired above.

See Figure UG-1 for typical underground BMPs thayfall into each category. The
City does not maintain a list of specific devidesttfall into each of these categories. It is
the responsibility of the designer to identify Hygropriate category for the BMP based
on whether the required treatment level can beigealin the underground BMP. The
City, reserves the right to prohibit altogether tise of underground BMPs, proprietary
or not. In addition, the City may require the preaéon of the proprietary underground
BMPs’ performance and maintenance records, inilmtatwvhere they have been
previously installed, and more particularly in @&&ath climatic conditions similar to the
Colorado Front Rangarea. Additionally, the City may require agreemehis run in
perpetuity attached to the property served by 8, assuring that they will be
inspected and maintained by the owner as requiyedeébCity (or recommended by the
manufacturer).

Finally, a standard operating procedures manuat brisubmitted and approved by the
City for all underground facilities. A final comf the approved Standard Operating
Procedures manual must be provided to the Citynaungt be maintained on-site by the
entity responsible for the facility maintenance ndal reports must be prepared and
submitted to the City discussing the frequencymsdlts of the maintenance program.

Construction Considerations

Improper installation will cause poor performané@mprietary underground BMPs.
This problem has been noted not only by manufatubeit also by a number of
Colorado municipalities who have observed that'#sebuilt" BMPs often vary
significantly from the design. Most underground Bd/itready face challenges due to
limited vertical fall and because of head losseghsy may be sensitive to slight changes
in elevation. In addition, many of the proprietanderground BMPs require assembly of
special baffling or patented inserts that may reofdmiliar to contractors.

For these reasons, it is important to discussrsiliation of the underground BMP with
the manufacturer prior to selecting a contractathsd the installation requirements are
clearly understood. Construction observation bydbsign engineer, and, if possible, a
manufacturer's representative is essential forgrimstallation. At a minimum, the
installation must be inspected by the manufactirepresentative once completed. Any
deficiencies of the installation identified by timanufacturer's representative inspection
must be immediately corrected.

(6) Table UG-1 is deleted.
(7) Fact Sheet T-12 is adopted with the following modification:

All references to “Micropools”, “EURV”and “Full Spérum Detention” are deleted.
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(8) Table OS4 is adopted with the following modification:
All references td-igure OS2 andFigure OS-7 are deleted
(9) Figure OS2 is deleted in its entirety.
(10) Figure OS-3 is adopted with the following modification:
All references to “Permanent Water Surface ElevafiVSE)” are deleted.
(11) Figure OS4 is adopted with the following modification:
Add Note: Lowest opening must be set at the invktiie pond.
(12) Figure OS5 is adopted with the following modification:
All references to “Micropools” are deleted.
(13) Figure OS6 is adopted with the following modification:
All references to “Micropools” are deleted.
(14) Figure OS7 is deleted in its entirety.
(15) Figure OS8is adopted with the following modification:
All references to “Micropools” are deleted.

(16) Figure OS9is added.
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(M) Volume 3, Chapter 5 - Source Control BMPs:
(1) Section 1.0is deleted in its entirety.
(2) Section 2.0is amended to read as follows:

2.0 Structural Source Control BMPs

Site operations and potential pollution source m@mteeds should be considered early in the
planning and design process. This will reduce tlagl lof pollutants into stormwater and may also
facilitate site operations and reduce maintenaegeirements for on-site treatment BMPs.

A discussion must be provided specifying the pemsnéastructural source control BMP that is
used in relation to the planned use of the project.

Representative questions that must be consideiedtpifinalizing the site layout include:

1. What materials are stored on-site?
2. How are these materials handled and moved thrthaysite?

3. What on-site operations take place that coutdmii@lly cause materials to enter the storm
sewer system?

4. Where and how might these materials enter tirenstewer?

5. How can storage and handling areas and drafaadities be designed to reduce pollutant
loading? Is it feasible to cover these areas?

6. When a spill occurs, how and where will it batrolled and contained? Are structural spill
containment measures needed?

(3) Section 3.0is deleted in its entirety.

(4) Section 4.0is deleted in its entirety.

(5) Section 5.0is deleted in its entirety.

(6) Source Control BMP Fact Sheets are deletddein entirety.
(7) Table5.1is deleted in its entirety.

(8) Table5.2is deleted in its entirety.

(9) Table5.3is deleted in its entirety.

85



(N) Volume3, Chapter 6 - BMP Maintenance:

(1) Section 2.0 is adopted with the following modification:
All references to “UDFCD maintenance” are deleted.
(2) Section 7.7 is amended to read as follows:

7.7 Sediment Removal from the Forebay, Trickle Cdnnel and the BMP Bottom

Remove sediment from the forebay and trickle chbameually. If portions of the watershed are
not developed or if roadway or landscaping projactstaking place in the watershed, the
required frequency of sediment removal in the fayetmay be as often as after each storm event.
The forebay should be maintained in such a wayitlites not provide a significant source of
re-suspended sediment in the stormwater runofsunthat the sediment is disposed of properly
and not placed elsewhere in the basin.

Potential accumulation of sediment in the areactlyaipstream of the outlet structure at the
bottom of the BMP must be checked for on a regodesis as well as after every significant storm
event. Removal of accumulated sediment or delwist be done immediately when such
sediment or debris blocks any portion of the owgtaicture and must be done at least on a
monthly basis between the months April and Septembevell as during any rainy period.
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(O) Volume 3, Chapter 7 - Construction BMPs:
(1) A newSection 1.1 is added, to read as follows:

1.1 Purpose and Scope

The Stormwater Criteria Manual provides the minimdesign and technical criteria for the
design and analysis of drainage and erosion coptasls. The erosion-related requirements of
this Manual are intended to reduce erosion to aemable level, emphasizing the control of
erosion and sediment transport from the surfacdigifirbed land by water. Channel erosion
control for temporary channels (diversions, gu)lisd major channel stabilization are addressed
as erosion control matters in this Manual. Theliregnents of Volume 3, Chapter 7, as amended,
apply to all land disturbing activities coveredthis Manual, except for the following:

(2) Emergency work; and

(2) Single Family Residential lots less than tesudand (10,000) square feet in area
and less than four to one slopes except when amtistn activities are within 50
feet of the outer limits of sensitive areas inagdfloodplains, slopes, riparian
corridors, lakes, irrigation ditches, or other teas subject to natural areas buffer
requirements under the City Land Use Code

(2) A newSection 1.2 is added, to read as follows:

1.2 Review and Acceptance
The City will review all erosion control submittafer general compliance with this
Manual. An acceptance by the City does not relithee owner, engineer, or designer
from responsibility of ensuring that calculatiopg&ns, and specifications are in general
compliance with the criteria.

(4) A newSection 1.3 is added, to read as follows:
1.3 Policy, Standards and Submittal Requirements

1.3.1 Policy

Erosion and sedimentation are natural processesntansity of which is increased by
land disturbing activities. Clearing and strippiofgland can cause localized increased
erosion rates with subsequent deposition of sedsneand damage to adjacent
downstream and leeward properties. Erosion cancedr destroy the aesthetic and
practical values of neighboring properties, streantlakes.

The City is committed to the enhancement and ptiorecof existing development,
streams, lakes, wetlands and rivers that may beadéted by sediment laden runoff
resulting from land-change activities.

Therefore, it is the policy of the City to encousagaintenance of the natural balance
between sediment supply and transport.

It is also the City's policy to encourage watersan control by leaving land undisturbed
as long as possible (by project phasing) and usingporary and permanent erosion
control Best Management Practices (BMPs).
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1.3.2 Elements of an Erosion Control Plan

Erosion control plans must consist of the elememted below. For developments
subject to the subdivision review process, thesst toel submitted with the final drainage
reports. All reports must be typed on 8-1/2" x paper and bound. Drawings, figures,
plates, and tables must be bound with the repDine report must include a cover letter
presenting the plan for review and must be prepasedr supervised by and engineer
licensed in Colorado.

Information used for the Erosion Control Plan mhst consistent with the Drainage
Report and the grading and drainage plans.

For City projects, the Erosion Control Plan mustshbmitted and reviewed through the
Construction Coordination process, or through thexgic department’s review process.

1.3.3 PDP Erosion Control Report and Drawings Sufittal Requirements
Erosion Control Report and Plans are requiredvag tif PDP Submittal.

The Erosion Control Report must contain or compitywhe following:

a. A written analysis of the area proposed for carcsion in reference to developed
conditions, rainfall erodibility, and proposed failh erosion and sediment control
methods. Control of rainfall erosion and sedimeansport shall be analyzed in a
manner that clearly demonstrates an understandihgve temporary and permanent
mitigation methods will be used, including a dissias of the timing of construction
phases and the sequential installation of all erosind sediment control Best
Management Practices (BMPs) proposed in the plan.

b. Stormwater Management Controls:

Include a description of all stormwater managensentrols that will be
implemented as part of the construction activitgaatrol pollutants in stormwater
discharges. The appropriateness and prioritiegofsvater management controls
should reflect the potential pollutant sources fifiexd at the facility. The description
of stormwater management controls should addresfolowing components, at a
minimum:

i.) Identify SWMP Administrator: Identify a specific individua)( position, or
title that is responsible for developing, impleniegi maintaining, and revising
the SWMP. This designated individual(s) should adgdrall aspects of the
facility's SWMP.

ii ) Identification of Potential Pollutant Sourcddentify and describe sources
that may contribute pollutants to runoff, and pdevimeans of control through
BMP selection and implementation. At a minimum,leate each of the
following potential sources of pollution:

1. All disturbed and stored soils;

2. Vehicle tracking of sediments;

3. Management of contaminated soils;
4. Loading and unloading operations;

5. Outdoor storage activities (building materiddstilizers, chemicals,
etc.);
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C.

e.

6. Vehicle and equipment maintenance and fueling;

7. Significant dust or particulate generating peses;

8. Routine maintenance activities involving fer#lis, pesticides,
detergents, fuels, solvents, oils, etc;

9. On-site waste management practices (waste fijag] wastes,
dumpsters, etc.);

10. Concrete truck/equipment washing, includingatiecrete truck
chute and associated fixtures and equipment;

11. Dedicated asphalt and concrete batch plants;

12. Non-industrial waste sources such as workshtaad portable
toilets; and

13. Other areas or procedures where potentiabsmt occur.

For the establishment of dryland vegetation, tiseussion must include soil types,
seed mix, soil amendments, and mulches.

Detailed sequence of construction activities massitbmitted as part of the erosion
and sediment control plan. The plan identifies feguence for all the major
construction and erosion and sediment control #iet$y including overlot grading,

soil and aggregate stockpiling, construction ofnmeerent drainage facilities, and
maintenance activities. The construction sequenitie be used as a basis for
inspection of construction sites for compliancehvtite erosion and sediment control
plan.

The sequencing plan must clearly indicate the @miextent and location where
temporary BMP measures are installed and/or remodegending on the type of
construction activities undertaken, e.g. site grgdiutilities installation, paving,
flatwork, or vertical construction.

The construction sequence must include at tba following:

Installation of temporary erosion and sedingamitrol measures

Sequence of all land disturbing activity

Drainage facility construction

Sediment basins, temporary channel stabilizatio

Seeding

Mulching

Required maintenance activities (e.g. expectequency of sediment pond
cleaning, after-storm checks of all BMPs, etc.)

Noo,rwNE

Erosion control security calculations.

The Erosion Control Drawing must contain or coynpith the following:

The Erosion Control Drawing must use same baed fa drainage study. The erosion
and sediment control plan may be combined withgrading plan, providing all the
required information can be shown, and the combipkeh is not so cluttered with
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information that all the elements cannot be reasidgn and deciphered. All drawings
must be twenty-two by thirty-four (22x34) inchessige. A General Location Map shall

be provided in sufficient detail to identify drage flow entering and leaving the

development and general drainage patterns. Theshmpd be at a scale of 1" = 1000' to
1" = 8000' and show the path of all drainage frbm upper end of any off-site basins to
major drainageways. The map must identify any megmstruction (i.e., development,

irrigation ditches, existing detention facilitieslverts, storm sewers) along the entire
path of drainage. Basins and divides are to betified and topographic contours are to
be included. The Erosion Control Plan drawings loé toroposed development or
redevelopment must have a scale of 1" = 20' to 206 on 22" x 34" drawings.

a.

Standard and job-specific construction iletaf erosion and sediment
control measures, and standard and job specifisi@roand sediment
control notes.

List vegetative specifications from this dal if standard vegetation is
to be used. Include alternate specifications aatification if they are to

be used.

List structural specifications from this Manuaktandards are to be used.
Include other specifications and justificationthiéy are to be used.

A construction detail for all proposed construct@mPs.

The following standard erosion and sediment comtotés:

1

2)

3)

4)

The City Stormwater Department erosion control atspr
must be notified at least 24 hours prior to anystartion
on this site.

All required BMPs shall be installedrior to any land
disturbing activity (stockpiling, stripping, gradinetc). All
of required erosion control measures must be iestalt the
appropriate time in the construction sequence disated in
the approved project schedule, construction plaarsd
erosion control report.

Pre-disturbance vegetation shall be protected atained

wherever possible. Removal or disturbance of iexjst
vegetation shall be limited to the area requiredrfonediate

construction operations, and for the shortest acperiod

of time.

All soils exposed during land disturbing activistr{pping,

grading, utility installations, stockpiling, filloy etc.) shall be
kept in a roughened condition by ripping or diskiaigng

land contours until mulch, vegetation, or othernmement
erosion control is installed. No soils in areatsinle project
street rights of way shall remain exposed by laistlicbing

activity for more than thirty (30) days before reqd

temporary or permanent erosion control (e.g. sealdhm
landscaping, etc.) is installed, unless otherwjgeraved by
the Stormwater Department.
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5) The property must be watered and maintaiaeall times
during construction activities so as to preventdataused
erosion. All land disturbing activities shall bmmediately
discontinued when fugitive dust impacts adjacenperties,
as determined by the City Engineering Department.

6) All temporary (structural) erosion control measumasst be
inspected and repaired or reconstructed as negeafiar
each runoff event and every 14 days in order tarass
continued performance of their intended functiorAll
retained sediments, particularly those on pavediweg
surfaces, shall be removed and disposed of in anemeand
location so as not to cause their release into any
drainageway.

7 No soil stockpile shall exceed ten (10) feet inghei All
soil stockpiles shall be protected from sedimesmigport by
surface roughening, watering, and perimeter sittcifeg.
Any soil stockpile remaining after 30 days shall dseded
and mulched.

8) City Ordinance prohibits the tracking, dropping, or
depositing of soils or any other material onto aitseets by
or from any vehicle. Any inadvertent deposited emat
shall be cleaned immediately by the contractor.

9) Additional notes can (should) be added to refldot t
erosion/sediment control plan of the individual elepment.

(4) A newSection 1.4 is added, to read as follows:

1.4 Security for Erosion Control

No land disturbing activity subject to this StornteraCriteria Manual can begin until an

Erosion Control Plan has been approved and the Oasesubmitted proof of security to

ensure rehabilitation of the disturbed land. Af@enance bond, irrevocable letter of

credit, or cash escrow, acceptable to the Utiligscutive Director, and naming the City
as the protected party, is required. Such perfoc@&ond, irrevocable letter of credit, or
cash escrow shall further guarantee the continugititenance and replacement of any
installed erosion control measures shown on theoapd plan.

The amount of the security is based on one anchatigimes the cost to revegetate the
disturbed land to dryland grasses (soil preparasead, and mulch) based upon unit cost
determined by the City Stormwater Department’s AairRevegetation and Stabilization
Bid. In no instance, shall the amount of securityless than one thousand five hundred
dollars ($1,500) for residential and three thousaiatlars ($3,000) for commercial
projects

Should the Owner be out of compliance with provisiof the approved Erosion Control

Plan, the City may exercise its rights under thmusty provided. In the event that the

City exercises such rights, it is not the City'seirtion to routinely administer the

construction of the measures shown on the erosimtral plans, however, the City

reserves the right to enter upon the land and telkatever actions are necessary to
stabilize and revegetate all disturbed areas, draie the plan constructed and make
repairs as necessary.
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The erosion control security will normally be retad by the City until the project has

been completed and there is no further possiblitgrosion or sediment transport from

the site. This includes the time for two full giag seasons for the establishment of
grasses on any revegetated areas. At that timeseiturity will be released. However, if

a part or phase of the site has been completellifing any revegetated areas which are
established but have not yet reached the two gpséason warranty limit), and if it can

be determined by the City that there is no furivesion or sediment transport risk from

that part or phase as it relates to the entireeptpofhen the portion of the erosion control
security that would apply to that part or phase lsaneleased, whether or not the entire
project has been completed. Any partial releasd@ferosion control security must be

requested by the responsible party.

(5) A newSection 1.5 is added, to read as follows:

1.5 Warranty

The Owner must warrant that the measures showheagproved erosion and sediment
control plan are properly constructed, installedd @are free from defective materials
and/or workmanship, with said warranty to contifmrethe terms set forth below.

The Owner shall warrant and maintain all structanabsures for such period of time as
construction on the site continues and/or said nreasare necessary to protect against
erosion and sediment transport. The Owner mustawtiand maintain all vegetative
measures for two growing seasons after installatioAny acceptance of installed
measures shall not be construed to relieve the Oufrthe duty to warrant and maintain
as aforesaid.

(6) A newSection 1.6 is added, to read as follows:

1.6 Enforcement

No land disturbing activity subject to this StorntaraCriteria Manual can begin on any project
unless it is associated with an approved Erosiamr@bPlan, a signed Development Agreement,
and a submitted erosion control security. All @pscontrol measures must be installed when
they are necessary as indicated by the approvesddar@ontrol Plan and Report, and maintained
in accordance with these Criteria. In order touemsthat all required measures have been
correctly installed and are in proper order andiiemo building permit will be issued on any
project until an inspection of the site and itsuiegd erosion control measures has been made and
deemed acceptable by the City.

If, at any time during construction activities, tBsvner fails to adhere to the approved Erosion
Control Plan and Report, the construction phaseeseme, or any of the erosion control criteria,
the City may employ any or all of the following:

» Stop all or any part of the work on the project.

»  Withhold building permits.

» Withhold certificates of occupancy.

» Exercise the City's rights under the security pdexd

e Issue summons and or fines.
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(7) Section 2.4 is added, to read as follows:

2.4 Fundamental Erosion Control Principles

The intent of erosion control design is to protadjacent properties and downstream
properties from the detrimental effects of landtudising activity. Water erosion is
always directional, i.e., always down-slope. Thigctional nature of water erosion can
be used to design resistance to sediment movensamtthe downstream edge of the
disturbed property. The erosion control design mayern slope placement so that
sediment-laden runoff is not directly tributarydo adjacent property. The slope may
need to be built to accommodate a temporary dieershannel, which keeps water on
the disturbed parcel.

Control measures are necessary for each phase vefodeent (each phase of a
development must have a “stand alone” erosion obptan), and it is understood that

initial grading and construction will require centaontrol measures, which will change
or be replaced as development progresses. Tergpooatrol measures such as silt
fences or diversion structures may be used duhegiritial grading and construction

phase and later either removed completely or repladgth grass or permanent sediment
basins.

Erosion control measures can be arranged to perforsequence so that sediment
reduction caused by one measure releases lessesgdinthe next. In this manner,
series resistance to sediment movement can beibtdlta project so that stormwater
released to adjacent properties or streams isingrthie allowable amount of sediment.
The resistance to released sediments can be ddsigmainimize costs and minimize
interference with on-site construction activities.

The construction and maintenance of erosion conteadsures is critical to ensure proper
performance. Erosion Control Plans must includestrantion details and maintenance
guidelines.

(8) Section 3.0is deleted in its entirety
(9) Section 3.1is deleted in its entirety
(10) Section 3.2.1is amended to read as follows:

3.2.1 Inspection Frequency

Documented inspections are required on a biweekdystand within twenty four (24)
hours of a storm event, with some limited, temppexceptions for inactive sites. The
City recommends spot-checking BMPs every workddwys s typically reasonable to
achieve and can help to ensure that the BMPs remajood working condition. For
example, vehicle tracking of sediment onto the waadis a common problem that often
requires maintenance more frequently than weeklybGocks, inlet protection and silt
fence are other BMPs that are prone to damageiapthdement, also benefiting from
more frequent inspections.

When the site or portions of the site are awaifingl stabilization (e.g., vegetative
cover), where construction is essentially compligte recommended frequency of
inspection is at least once every week. Be sutehismchange is documented and in
accordance with relevant permit requirements gaaeducing the inspection schedule.
When snow cover exists over the entire site fopx@ended period, inspections are not
always feasible. Document this condition, includid@ge of snowfall and date of melting
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conditions, and be aware of and prepare for aré@senmelting conditions may pose a
risk of surface erosion.

Inspections of disturbed sites must be done bydbgonsible party, at the minimum, on
a bi-weekly basis. Records of inspections inclgdiate and time of inspection,
corrective action(s) taken and future planned reaiance activities must be kept at the
construction site by the responsible party and stibdnito the Erosion Control Inspector
upon request.

(11) Section 4.2 is amended to read as follows:

4.2

Sediment Control Measures

Sediment control measures limit transport of sediné-site to downstream properties
and receiving waters. Sediment controls are thergktine of defense, capturing soil that
has been eroded. Sediment control generally relyeatment processes that either
provide filtration through a permeable media ot #$iaw runoff to allow the settling of
suspended particles. A third treatment processthated in some parts of the country
includes advanced treatment systems employing damddition (flocculent) to

promote coagulation and settling of sediment plasicThe City does not recommend the
use of chemical treatment as the improper apptinaif chemicals can be more
detrimental than simply removing the sediment.

“Sediment Control” (SC) BMPs Fact Sheets in thigater are:

= SC-1 Silt Fence (SF)

= SC-2 Sediment Control Log (SCL)
= SC-4 Brush Barrier (BB)

= SC-5Rock Sock (RS)

= SC-6 Inlet Protection (IP)rultiple types)

= SC-7 Sediment Basin (SB)

= SC-8 Sediment Trap (ST)

= SC-9 Vegetated Buffers (VB)

=  SC-10 Chemical Treatment (CTglgo known as Advanced Treatment Systems[ATS)

No Fact Sheet is included for “SC-3 Straw Bale Rasi’ (SBB) as these are prohibited
from use as a post-construction sediment contralsune in the City.

(12) Fact Sheet SC-3 is deleted in its entirety.

(13) Figure SBB-1 is deleted.
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