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SECTION 1 - INTRODUCTION

1.1 Purpose and Objectives

RJH Consultants, IndRJH) was retainedby theCity of Boulder (City) and Mile High Flood
District (MHFD) to provide engneering services fahe South BouldeCreek (SBC)
Regional Dé&entionPrgect (Project). The purposd the Project is to improve flaplain
resiliency in portios d the Frasier Madows Keewaydin Meadows, and East Boulder
neighborhods from floods daginatingalong SBC up to a 16@ear flood event This
Preliminay Design Feport (Report) presents thesudts and conclusions of the preinary
design (i.e., 3(ercent).

The preliminary (36ercent) design is documented in this Report and theeBent design
drawings (Appendix I, bounskeparately This Reportand the dravings are complimentary to
ead other and combined represent thep8dcent design of theroject.

The prdéiminary design presented in this Report is based onofggic and hydauic
modeling, our cuent undersanding of subsrface and groundster conditons based on
initial and preiminary design site investigans, engineering ayses tesupport
developnent of Project components, engineering judgment, angrenious expednce with
similar projets. Themformation in his Report will beefined anl modified during the final
design phase.

1.2 Background

Overthe past 80 year§BC hassignificantly floodedsix times. SBC has limited channel

capacity upstram of U.S. Highway 36 (US36)and US36vertops dting large stam events.
Overtoppng stormvater flows north and west td@w point on the UniversjtofCol or ad o’ s
(CU) Baulder Souh campus parceiear US36 and Table Mesa Drive. In sufficiently large

flood events, stonwater overtops US3ad floods &tensively thraigh a portion of taCity

known as the West Valley thaicludes portions of the FrasiMeadows, Keewaydin

Meadows, ath East Boulder eighborhoods. SBC flooddbe West Valleyin 1938, 1950,

1969, and 2013

The City and MHFD retained RJH to prade enginering service$or design ofa regional
stormwater deterdn facility at US36. RJH, the City, andH\W¥D evaluated vaonus cacepts
thatcould reasondb be implemented in the vicinity of the US36 regionelehtion faciliy
site to reduce the sk for ovetopping of US3&uring a magr flood event while also

RdH
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addessing other Project requirements. Thehodology, results andconclusionsf the
conceptdesign work is presented in tBeuth Boulder Creek Riegal DetentionConcept
Design Repor(RJH, 2020).The City seleted the Varant 1, Option 1 (10(ear) corcept
presented in the Concept Design ReadH, 2020) astie préerred altenative to advace
to preliminary design.

1.3

Scope of Services

RJH peformed the folleving services for thergliminarydesign phase dhe Project

1.
2.

Managedand coordinated theark performed by RJH and our subconants

Suoported and grticipated in me@ngs with key regulatgragencies and
stakelolders including the Coloaido Departmerdf Transportation (CDOT),
Colorad Office of theState Enginer (SEQ, City of Boulder Operspace and
Mountain Parks (OEP), U.S. Army Cops of Enginees (USACE), U.S. I5h and
Wildlife Service(USFWS), and others.

Conducted Phase Il geotental investigtions that included drilling, eawvating test
pits, performirg ageoplysical survey, perfening field and laboratoriesting, and
prepariry a Phase IGeotechnical DatReport.

Collected and evVaated groundwater data.

5. Developed baseline gnandwatemodsé (i.e., existing coditions)and prepared a

Baseline Groundwater Modeling Rert.

Performed topographic sueying toupdate the Project ba mapping and to support
hydraulic modehg.

Performeda subsurface utility engineeril@®UE) survey athincorporatel utility
information into Prgect base rapping.

Developed a Design Criteridemorandum tadentify and docmert relevant
operation§ maintenance, technical, and regulatory diter

Performedhydrologic analyses to develop thdlow DesignFlood (IDF). Prepaed a
Hydrology Report ad submitted to the BO.

10.Developed a PrelimingrCorrected Hective Modé in the MIKE FLOOD pogram.

11.Performed hydraulic modeling in the MIKE FLOORogram to suprt the

preliminary site layout ahsizing of Prgect facilities.

12.Performed geotectical andyses to support priehinary design of the emhkment.
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13. Perfamed geotechnicagiecstructural, and hydraulic analyses to support preliminary
design ofthe spillway ad appurtenant structures.

14.Perfamed hydrauliand geotechial analyse$o support prelirmary desig of the
outlet works.

15. Performed geotdmicalandyses to supponpreiminary design of the barrier wall and
groundwater conveyance system.

16. Developed desigarawings to 36perent completedvel.

17.Preparecan American Society for Testing and Matals Internationa(ASTM)
E251611 Class JASTM, 2011)(i.e., budgetary level) opinion ofrpbable project
cost (OPP(Cfor the design.

18.Developed an Alternate CorrectEffective Model usinghe USACE HEGRAS two
dimension&(2D) computer proggm tomodelthe 100year eent.

19. Performed fieldmapping of existingUtea d i es’ tr es s eacimensforni d ( U
the 2@1 survey season.

20.Prepared and submitted a Request fmisdlictional Determination tdSACE.
21.Premred this Rport.

1.4  Project Personnel

The following RJH personnelreresponsible for the work comteed in this Report:

Project Manger: Robet Huzjak, P.E.

Project Engineer: Eric Hahn, P.E.

Lead Geotechinal Engineer:Adam Prochaska, Ph.pP.E., PGV
Staff Engineers: Jacquelyn Hagbenp.G®, E.I.

Samanthd&uilli es, P.E.
Adam Merook, P.E.

Techical Review: Douglas Neighbors?.E.
Notel: Licensed in stas other than Colorado.

The work describeah this Report was completdry RJH as the pme consultat with
assisance from the folwing subconsultantsg¢llectively referred to as the RJH di):

Hydraulic Modeling: DHI Water and Enironment, Inc. (DHI)
RESPEC Company, LLC (RESPEC)

RUH 3
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EnvironmentaPemitting: CORVUS Enviromental Consulting, LC
(CORVUS)
ERO Resource Corporation (ERO)
Surveying: Flatirons,Inc. (Flatirons)

Subsurface Utilig Engineering: Surveying and Magpg, LLC (SAM)

Detention Excaation Layout: Muller Engineering Company (Mier)
Tunnel Engineering: Lithos EngineeringLithos)
Cultural Resources: PaleoWest

The work descibed inthis Report vas overseen and coordinatgy the City and MHFD.
The Cityand MHFD team include the follang perennel:

City ProjectManager: Brandon Coleman, P.E.
City Dam SafetyAdvisor: Kevin Clak, P.E
MHFD Advisor: JamedNat, P.E.
Kurt Baue, P.E.
City Director of Pulic Works. Joseph @ddeucci, P.E.

=)

)

4
RiH

=
CONSULTANTS, INC. 16134_22-04-06_SBC_Draft_Preliminary_Design_Report

LY/



Draft Preliminary Design Report - South Boulder Creek Regional Detention Project
April 2022

SECTION 2 - PREVIOUS STUDIES AND REPORTS

2.1 General

Numerous planing and engineeringtudies of SBC and surrounding arbage been
performel over the last several detes for the Cty, MHFD, andothers. The RJH Team
collectedand reviewd previous studigesncluding mapr drainageway master plangydd
mapping studis, and hydrology repts. Previous studies by otherg documented in the
South Boulder Creek Reg@miDetentionConcept Degn Repot (RJH, 2020) and include
the following:

1 Comprehensive master plans deped in 2001 (Taggart, 2001@2015 (CH2M,
2015) to identify and ealuate flood mitigation conceptsoay SBC.

1 Boulder Vdley Comprehensive Plan (B3P)update City of Boulderand Boulder
County, 2017) in Jul017, whichchanged the land use designasidor
approximately 80 acred the CU Boulder 8uth campus to facttte construction of
the regional ®rmwater detentioffiacility at US36. The BV@ QU BoulderSauth
Guiding Rinciples also provided directido considemitigating flood risk to the
highest practicable standard véiilalancing enviromental, social, anfinancial
impacts.

1 A Conditional Léter of Map Revisio (CLOMR) prepared by PlenaRoads and
Michael Balker I., Inc. to document changes etSBC flooghlain resulting from the
US36 widening project.

A summary 6 previous studiesetevant to prelimingrdesign is provided below.
2.2 Flood Mapping Study

HDR, Inc. (HDR) completed aoenprehensivdl ood mappig fudy that serves as the basis
for theFederal Emergency Management Age(fégMA) regulatory floodplain. Te HDR
study consisted of three raps

1 South Boulder Crek Climatology/Hyblogy Repor{HDR, 2007).
1 South Boulder CrdeHydraulic Mockling Repat (HDR, 2008).
1 South Bouder Creek Bk Assesrent Repor(HDR, 2009).

The Souh Boulcer Creek Climatology/Hywlogy Reporevaluated bastspecific design
storms forboth the generakarm (i.e., longduration) and thunderstorn €., high-intensity,

RdH
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shat-duration) precipitatiorevents foreturn frequencies ranging from 2 to 508ays.
Various combinations afpatial orientations were alated to identify criticgbrecipitation
everns. In general, sirms containing the createnan stem pek flows wae determined to
occur inthe lower vatershedi(e., downstream of Gross Resdryo

Rainfallrunoff analyse were performed using a MEK11 model, whichispart @ H 1 ' s
MIKE FLOOD proprietary softwargrogram. MIKE 11 is a dyami, onedimensional
hydrologic model. The watehed was dided into27 subbasingand hydrologic
characterstics were developedrf@ach sulbasin.

Hydraulic modeling was performed usiagcombination oMIKE 11 and MIKE 2 models.
MIKE 11 was usd to model thechannel ad hydraulic structures alanthe maistem of SBC
and major tributaries. MIKE 2&as usd to model overbank arftbodplain areas. The
following blockages were used imetFEMA regulator model at relevanstructures:

1 US36 bridge 8SBC: 10foot-wide obstuctions at both bridge pis (approxmately
20 percent blocked).

1 Dry Creek Dith No. 2(DCD?2) culvert at US36:35 pecent blocked.
1 Viele Channel culvert at US360 percent bloked.

Topograpic information wasleveloped from photogramnng obtained bythe City in 2003.
A 4-meter grid wasised todevelop the EMA regulatory model.

2.3 Concept Design Report

The RJH Teanperformed data colléion, hydrologic and hydraulic modelingnd concept

level engineering aalyses to develop concelgvd alternatvesto faciltat e t he Ci ty’' s
selectionof a prderred alterative to advance into prelimany design The conceplevel

alternatives were idgified based on Project objectivespstraints site conditions; piblic

and stakeholder inpuard City staf input. The altenatives were develeul for food events

ranging from the 10§@ear to 50-year evats. The alternative are presented in ti@ncept

Design Report (RJH, 2020).

Corcept selectiomriteria were devieped by the RJH Team, ti@ty, and MHFDand
generallyincluded Project viability,technical, operational, emanmentaland economic
issues The City selected the Variant 1, Option 1 conesphe preferrediternative to
advance to prelimery design This conceptvas designed for the 18@ar flood evat.
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SECTION 3 - EXISTING CONDITIONS

3.1 General

The Projecwill be located in sutheast Boulder, Coloradand is generally locateasth of
US36, west 08BC, and east of several residesitcommuniies. RJH haperformed
multiple site visits sice 201 7o observe site cortions and perform data celttion. The
Project site is amprised primarily of undeveloped land and irrigatestpie. Existing land
usessite conditions, and constrds thatimpactedpreliminary design of the Projeete
summaized inthe following sections. A site vicinitynap is presnted on Figure 3,nd a
site plan is presented on Figure 3.2.

3.2 University of Colorado Boulder South Campus

The CU BouldeSouth camus is a 30&ae property located south of US3#&as$ of severa
residentiacommunities, and west of ®8° property. The CU Boulder Sath campus
currently includes a tennis complex, aim@nance bilding with an asphdt parking lot, and
a seres of pedstrian trails. The pedestrian trails experiersignificant useérom the pubic
throughout the year. Ehttennis comiex is used seasally by the CU athletic department.
Overhead eledtral linesand multipleburied uilities exist on CU Bouldr South ampus
primarily near the maintenance buildirtgnns conplex, and the northwaern portion of the

propety.

South Loop Drive is therimary means of vehicle access to the CU BouldettScampus.
South LoopDrive isa 24foot-wide, paved roathat exénds from Tabl&lesa Drive to the
existing CU materancebuilding and gravel garking lot. South Loop Dve is owned ad
maintained byCU.

Gravel mining operations were performed oa @€1J BouldeiSouth campsiproperty before

it was acquiredpCU in 196. The graveiining created a large excavatitha is about10
to 15 feet klow the original groundusface. Graviemining operatios also created a series
of belowgrade ponds thdill with groundwater. Water levds in these ponds flucttewith
groundwater leve.

Two surface water ditchesealoatedwithin the previouslymined areas. The ditchesllect
grourdwater and surfacwater and convey flow northward until dischaggio ponds oithe
CU Boulder Southcampus, which ultimatelgonvey theunoff to an atfall at Viele
Channel.
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An eartlen levee extendsalong the soiit and east boundaries betCU BouldeSouth
campus. Th levee is approximately 7,500 feet long andesim heightwith a maxinum
height of about 14 feet. The Wee was costructed in 180 and consists primarily of clay
sand maerials. The levee waraised in 1998 and céied by FEMA in 2000. The lese was
raised again in 2009 based on updated hyranodeling ad subsegently recetified by
FEMA (LeonardRice, 2009. A pedestria trail extends along the credttbelevee The dry
side slopas covered with grassesd other vegation. The weside slope is covered by
riprap slope protectionDCD2 extendsalongthe wetside (i.e., ed} toe ofthe levee. A
drainage channel extends along ting-side {.e., west)of the levee. This channel was
constructed to déect surface weer runoff from behind the levee and convey theoftito an
outfall at Vide Channel.

An existing earthen berie., west berm)s located along the west side of the CU Boulder
propertyadjacent to E. Moorhead Circle. The berm was constructed concurrent with
previous mining operations on the site. The berm ranges¥odm20 feet high and

contains modextely dense tree growth on both sides of the berm. A pedestrian traileextend
alorg the crest of the berm.

CU Boulder South camys contais wetlands neatrainage ditches, irrigation dhies and
laterals, andn unrechimed mning ponds.ULTO habitat and ppulations occur near
drainage ditches predominantly on the-dige of the leveeembankment nedheeast
portion of the @ Boulder South campuwmnd alongrrigation ditches.

In September 2021he City annexe€U Boulder South campus as paftnegotiatons to
provide community benefitincluding flood protection As part d the anrexation agreentg,
the paties agreed tthe following land uses for tHéU Boulder $uth campus:

1 Open SpaceOther (OSO): This ar@ generally correspondstiithe regulairy
500year floodplain on the east portion of the CU Boulsauth camjus
(approximately 119 ares). This land will renain undeveloped and be used for
floodplain functionality, riparian conneéivity to the SBCriparian corridor and open
space. A largescale ecological restoration of this are#l be performeds part of
the Prgect. The ecoloal restaration will indude environmental mitigation neéed
to permitand construct the Project.

1 Public (PUB): This areas located on the wepbrtion of the @ Boulder South
campus (approximately 129 acres). Thixllill be develoged inthe futureas part
of development othe CU Boulder South campus.

1 Pak, Urban, andther (PkU/O). This areas located on ta northportion of the CU
Boulder South campuspproximately60 acres). This land will be used for Prdje
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flood mitigation fadlities. CU may insall facilities for active and passive
recreatbnal uses in th&uture as long as thejo not impact the factionalty of the
flood mitigaion facilities.

A plan of CU Boulder South campus land use designsisopreseted onFigure 3.3.
3.3  Open Space and Mountain Parks

OSMP property is locateoh both sidesfdJS36, west of SB@ndeast of the CU Bodler
Souh campus. The OSMP erty contains eensive wetlands and federally listed
Threatene@nd Endagered (T&E) speciehabitat fort h e P meabtowjenripiagmouse
(PMJM)andULTO. The property islao used for cattlgrazing seasonallyand portiors are
irrigated for hay production. Numerousggation ditches and smaltainage channels extend
throughthe OSMPpropetty, including DCD2.

A gravel pedestrian trail extends negauh through OSMP progrty on both sides of US36
andexperences significant use from the public.

3.4 Colorado Department of Transportation

The CDOT Rightof-Way (ROW extends prallelto ard on boh sides of US36A small
drainagdditchis located intie southROW along thesouthshoulder of tk road The
drainage ditch collects surfaeater runoff from astbound &nes on US36. A amrete
multi-use trail isalsolocated inthe south R@/. The multiuse trail experiences signiéint
use from the pblic. Additionally, multiple buried utilitis arelocated throughout the ROW.

A seriesof culverts extendbeneath US36These include dal 4-foot by 10foot reinforced
conaetebox culverts RCBC) that function as a wildlife crossing 4foot by 6foot RCBC
to convg DCD2 flows, three 66inch-diameter reiforced concrete pipes (RCP) to convey
Viele Chamel flows, and muliple smaller R®sto convey local drainagp.

SBCflows urderUS36 throgh a multispan bridge. The bridge wagdened in 2014s
part of the US36 wideng project. The bridge has threeasysthat total approxnately 115
feet with arow of concrete bridge piers on eacleekbank abat 47fee gpart. The
concrete multusetrail extends below the bridge to the steof SBC.
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3.5 South Boulder Creek

SBCis amajor drainageway théiows from its headweers in the mountains throhg
Eldorado Canyon and subsequently southafethe Citybeforedischarging to Boulder
Creek. Tl BC watershed encompasses approxiiye86 squareniles. Flow in SBC is
from a combination of groundwater, prigdation runoff, releases from Gross Resairy and
snowmelt. Gross Reservoir is &ied on SBC uptreamof Eldorado Canyon and is a water
supply reservoir owned and operated Dgnver Water.No reservoir volume is altaed for
flood control in Gross Bserwir, but the reservoir provides signiént temporary flood
storage above the dpiray crest. Approximatly 90 square miles of the SBGtershed is
located upstream of Gro&eservoir.

SBCgenerally flows northwardastof the Project facilities andonssts of a riatively
straight, alluvialstream channel. The right overbank ismsigantly higherthan the channel
and is not expecte be overtopped during extreme floogeats. The & overbank idower
ard isovertopped during both rougrandextrene flood events.

During floods that wertop the éft bark of SBC, the $36 embankment direxflood waters
northand west to ow pant located at the northest corner of the CU Boulder South
campumear US36 and Table Mesa DeiviFlood waters pond in this area then mwop US36
and extensiely flood a portion of the City known as the West Vay. The West Valley
generally follows the alighment of Foothills Rkway and consists of a mixture of résntial
and commercial structes. Flooding of the West Valley occurred 1938 1950,1969 and
2013. The 2013 floodvent m SBC was estimated be between about a -7% 100year
event(Wright Water Engneers,2014).

3.6 Viele Channel

Viele Channkgenerally flows across thedjectsite from west to east. Viele Channel
exterds thraugh the northwest portion of t CU Boutler South campus anldrough the west
edge ofOSMP propest, nath of US36. Intis reab, Viele Chanel consists of a
trapezodal channel with thick vegetan.

Viele Channel isitributary to SBC and hasbasin eeaof approximately 1 squarile
updream of the CU BouldeSouth campus. A majayiof the Mele Channel watershed
consistsof residentialand use. This channebllects groundwater and sade waer runoff.
Flow in Viele Channel is convegldbeneatlihe US36 easbound orramp hrough hree 72
inch diameteculverts and subsequentigneath US6 through three 6nch diameer
culverts.
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3.7 Irrigation Ditches and Laterals

DCD2 is owned and maintained by the DCD2 CompaFlows inthe ditch are diverted
from SBC aproximately 1.8 milesipstream of the Projestte. DCD2consists of an earthen
ditch from the point ddiversion through OSMProperty b the Project siteMultiple

turnout structures are located along tbegmenof the ditch thafacilitate flood irrigation of
OSMP propdy south of US36.

Numeous other irrigation ditches drsmaler lateral irrigatiomn channels (laterals) estito
distribute water ttrouglout irrigated areas on OSMP. Basedmiormation fom OSMP and
field observations by RJH, watex supplied to the OSRIfields using flood nigation by
placing check damis irrigation ditches; théarmers control the locan and iming of the
flood irrigaton and generally do not keep ttein records othis process.

3.8 Subsurface Conditions

Based on site investigains performed by RIHRJH, 2019; RJH, 2022b), our arpreation
of the generasubsurface profile at tHerojed site consistsfdill or dluvium overlying
bedrock of théPierre Shale fanation. In general, fill overlies bedrockrbughout mined
portions of the CU Boulder Sh campus and alluvium overlidoedock throughout the
remainder of the Projecttsl. Adlitional informaton regarding the geotechnical site
conditions is presenteih Section 8.

The SBC alluvial valley begs upstream of the Fetxt site as a relati\yg narrow mountain
stream flowng from Eldorado Canyon. Bar the Project site, tlaluvial valley generdy
widens until it converges with the BouldeCreek alluvidvalley dovnstream of Baseline
Road. The SB alluvial valley aguier is an unconfined aifer that extends throughout
surficial sadls (alluvium ard fill) and is perched othe underlying low perrneability bedrock.
The alluvium generally deeases in thimessfrom upstream to downstream. The tdp o
bedrock beneath thaurficial soil appearto form a consistent broad sack that, in some
locatiors, decreases in elevatiaa the west (away from BC).

Basedon site investigations and growvdter modelingperformel by RJH, groundwater
levels declingowardthe north throgh the aquifer, whiclgenerallyfollows the slope of
topographyand the flav of SBC. Seasonargundwateffluctuations are ifluenced ly
naural condiions through the hydrogeologigate (e.g., relsarge, evaptranspiration, etc.)
and irrigation appied to OSMP fields. Lowest groundwatevds aretypically during he
winter nonths of November tbugh Febrary. Highest groundater levés typically occur
May through July.
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SECTION 4 - PROJECT DESCRIPTION

4.1 General

The primary Projet components itludean embankment dam along the natid west
portion of the CU Bolder Soutlcampus, a structurapillway wall on OSMP prperty along
the CDOT ROW, an aitlet tunnel below US36, detentie@xcavation othe PKU/O land use
area, gradingnd site accesnodifications, and ecological restoti Adescription of
primary Roject compnents is provided lb@v and stown on Figure 4.1

4.2 Embankment Dam

The embankment damillvconsistof a zoned earthfill emdnkmentwith internal flters and
drainsand a barrier @il in the foundation The embankent dam will extendlang the
north and west portiaof the CU Boulde South camps. The embankmeéedam will
connect to nata high ground consisting of bedrocht the vest (left) endand to thespillway
at the eas(right) end. Key components of the leamkment dam will iolude:

1 Eathfill: The earthfil will consist ofa central cagand upstreamral downstream
shells. Tle entral corewill have sufficiently bw permability to redice seepage
during transient resvar loading. The upstream and downestm shells will cosist
of on-siteclayey sandsand andgravelrandom fill.

1 Internal filter and drains Internal fiter and drai zoneswill be includedwithin the
embankment to safgl manage seepage through the emkbzent fill. The filter and
drainzones will consist o$pecialy gradedsand and grave

1 Toedrain A toe drain at the base ofetdownstrean slope willcollect, cowey, and
distribute seemge. The volumef seepage wlilbe measured&nd monitored andhen
conveyed to thexfiltration sygem where it will be distributed backto groundwater

91 Barrier walt A barrier wall wil beincludedbelow theembankmentiam to manage
foundationseepag&vhen theresevoir is doring water and will consist of a seil
bentonite barrier wall below the centerlinktioe embankment daralignment The
barrierwall will connect to the embankmedam fill & the groundsurface and extend
into the underlying Piee Shaldbedrod to provde a continuous loywermeable
seepage baer along the dam alignment.

Additional information regardinghieembanknent design ipresented in Section 10.
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4.3

Spillway

The spilway will consist of an abovgroundconcrete wall wth belowground secant pike
to provide seepage control and struatwupport. The embankment dam and spillwai}
will collectivdy comprse the higkhazard, jurisdictional dam. The spithy will be located
to the south of the COT ROWon property owed by OSMP.The spillway Wl connect to
the earthfill embankment ¢he west (left) end anthe US36 embamkentat the east (right)
end. Key componets of the spillway will include:

T

Spillway walt The spillwa wall will consistof avertical, reinbrced concret wall.
The spllway wall will retain flows during flood eents up to and including the 200
year eent andwill convey flows frommore extrera flood events over the top of the
wall.

Spillway foundation The foundatiorwill be comprised o row of secanpiles
extendiig intothebedrock. The secant pile wallliyprovide both structural support
for the spilway wall and seepgecontrol.

Spillway apron The spillway apron will pvide energ dissipatia for flows
overtoppng the spillway walland will cansist of a reiforced concrete slab witin
end sill

Additional information regarding the spillwalesgn is presented inegtion 11.

4.4

Groundwater Conveyance System

The groundwter convewrce systen will allow normalgroundvater to pass through the bpay
foundation. Conveyance of normal grouwdter flows § critical to mantainng the existing
hydrogelogic systermand pevert upstream graudwater mounding and downstream gmdwater
decline, whichcould impactvetlandsand critical habitat The groundwateconveyance system
will consist of facilities for ctéecting, conveying, and distrilting groundwater. Key compa@mts
of the graundwater onveyance system widlorsist of:

1

T

Cadlection Groundwater will be colleged upstream of the spillwag a collectiam
trench using slotd pipes and permeable backfill.

Conveyance Groundwater will beconweyed from the upstreamds of the spilivay
to the ebwnstream side in aanector pipe Gaeswill be installed thacan be
manually adjusted to cawd the volumeof flow from the collectionpipes and
through the anrector pipes.
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1 Distribution Groundwagr will be distributed dowriseamof thespillway using a
distribution trench cosisting of slotted pipsand permeable backfill.

Additional information regarding thgroundwater conveyance system design is presanted
Section 12.

45 Qutlet Works

The lower pation of the resenio poolwill not freely drain bak to SBC. An outlet works
will be requiredto meet SEO dam safety requirements and to allenentire resgoir to be
drained to meet water rights requiremts The outlet vorks will extend fronthe detention
excavatiorto Viele Channénorth of US36.Key componats of theoutlet works will
include:

1 Intake Structure The intake structure witonsist of aginforced concrete riser
structure located at thepdream toe of th detention excavationrhe front, top and
sidesof the stricturewill be openand incluek steel trabracks.

1 Conduit Theconduit will consist of a 6@nch diameter sl pipe. Theortion of pipe
upstream of US36 will be installed an open excav@mn and encased inirdorced
concreteandtunnelng will be performed to instathe pipebelow US36.

9 Ouitlet Structure Theoutlet structure will consist akinforcel concrete, bdled
outlet structure at the downstream end ofah#et works condit. The outlet
strudure will dischargeo Viele Chanrel. Rprap will be insélled in Viele Channel
in the vicinity of the oulet structure for erosion protection.

Additional informaton regarding the outlet works design is preseintedkction 13.
4.6  Site Drainage

Severénatual drainages and irrigeon ditches flow through taProject ge. TheProject
facilities will impactDCD2, US36 wildife crossing, and sitelrainage below US36.
Modifications to existindacilities will be equired to maintain & dranage and historic
irrigation opeationsat the site Key commnents ofthe site drainage ardigation facilities
modifications willinclude:

1 DCD2: The spillway alignment intersediCD2. The existing reinforcetox
culvert below US36 will be éendedo the face of taspillwaywall. Thiswill
accommodateutureoperation of the ditch without otvaction from the Project.
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1 Wildlife Crossing The spillway alignment icated approximatly 75 feet upstream
of the face of the wildlife crossing Thewildlife crossingwill be extended tothe face
of the spillvay wadl to facilitate continued wildfe access.

1 US36 Culverts The OSMP property south of US36 drains throageres of
culvers below US36. Thesailvertsinclude the US36 wildlife jossng and DCD2
crossing discusse above andnultiple smaller cuterts The spillway alignment is
located approxirately 65 feet pstream of the face of these culverts. Smalhopgs
will be instdled in the spillway vall directly upstream of each culkteexcept for the
wildlife crossiig andDCD2, which will be extended to the face ofetlspillway wal.

Additiond information regarding site drainage and irrigatiecilities is presented in Section
14.

4.7  Site Grading and Access

Site gading and site accessodifications will berequired to suppothe Roject facilities
discussedn theprecedingsections andot meet Project design criteria. Key componefits
the ste grading and access modificaus will include:

1 Detention Excavatin Betweenapproximagly 73 to 105 acrefeet(acft) of
detention dorage is needed toeat hydraulic and floodain degyn criteria. The
detention storage will be achieved by excaratin the norther portion of heCU
Boulder property. A barrier Mlawill be installed abng the pemeter of the detention
exavaton o keep the excavatidrom filling with groundvater

1 South Lo@ Drive Maodifications The embankment dam will extendess South
Loop Drive. An earhen roadway ramp will be constructeal provide acess for
South Loop Drive over the earthen damllowing construction. The esst of the
earthen roadwaranp south othe embankment dam will be set at the-y@ar water
suiface elevation tprevent floodhg of the CU Boulder South campus Bland use
area from fbod eventsequal to and less than tB®0yearevent in SBC.

1 Multi-Use Trail Modifications The alignmenbf the spillway connection to US36
extends across theisking multiusetrail. An eathfill ramp will be placed along
bothsides of thespillway wall at this location to accommodatbé muti-use trail.

1 Levee Removal Existing levee will be partially removed to connect existing ground
on both sides of thkevee.

1 Miscellaneous Site Gradm Miscellaneous sitegrading will be required to promote site
drainageo SBC, Viele Channel, 836 wlverts, anl the detention excavation.
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1 Access Rods Access will ke requiredto inspect and maintaiRrojectfacilities.
Gravelaccess roadsill be ncludedin thefuture stages of design where needed.

Additional informaton regarding the sitergding and accesdesign is premnted in Section 15.
4.8 Ecological Mitigation and Restoration

Construction of Prect facilities will impact jursdictioral and n-jurisdictional wetlands
and T&E species habitatrfthe PMJM and ULTO. TherBject is also atncipated to impact
mestc tallgrass praie, uplands, andnorthernlegpard frog habitat. Impacts to regulated
environmentatesources will benitigated by corstructng new areas of wetlands and critical
habitas for PMJM and ULTO. Thenitigation will be canstructed ossite in theOS-O

portion of theCU Boulder South anpus and will be performed in conjunctiavith a larger
ewmlogical restoation ofthis area. Tegoals of the environmental mitigation and ecatad
restoration include

1 Removal of thexising levee embankment teconnecthie OSO akrato the SBC
floodplain and riparian corridor.

Development bnew wetlands Wile maintainiig currentwetlands inthe OSO area.

Development of new T&E habitat whiseistaining current T&Habitat condition in
the OSO area.

Conceps for envionmental nitigation and ecalgical restoration have not been developed
for the prelimirary design.
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SECTION 5 - DATA COLLECTION

51 General

Various types of data collectionilwbe required througha the Project tadvaice the
desgn. Duringthe prelimnary desig, theRJH Team pdormed topographic surveying, a
subsurfaceutility engineging investigaibn, a getechnical ivestigation program, and
environmental surveys. description of data codiction performeds provided below

5.2 Topographic Survey

Flatirors perfamed topogaphic surveying irthewinter of 2018 to dgelop a base maipr
the Projetsite. Topographic sweying was performed using a combination of destavey
equipment andanventional (i.e.field) survey equiprant. As workon the Project was lbeg
advancd, a discrepancy was identified in the sey\data for th©SMP property suth of
US36. Flatironsesuveyed this area in November 2021 using @mtonalsurvey
equipmemand updated thieasemapping. The inits of the 228 and 2021 survey ar
presente@n Figure 5.1.

Borings and monitoring Wis from the Phse Il geotechmial invesigations weresurveyed by
Flatironsin June2020 and Octobe2021. The lod#ons of test pit inestigationsvere
recorded by RJH iAugust 2021using a handheld Global Positioning SystgaiPS) device
and the groundusface etvatons were stimaed from the Flatirons topographic survey.

5.3  Subsurface Utility Engineering Investigation

Colorado Reised Statutg, Title 9, Article 1.5CRS 91.5)(Colorado Statéegislature
2018)requires SUEfor any project with subsurface exations. A SUENvegigationwas
performed bySAM. SUE is typically perfaned in two phases thieve therequired level
of quality. The quality leel (QL) is described ithe American Society of Civil Engineers
(ASCE) 38-02, Standard Gudeline for theCollection and Depictin of Exising Subsurface
Utility Data (ASCE, 2002)and is summazed as 6ll ows.

1 QL-D: Information canes satly from existng utility recordsand asbuilt drawings

1 QL-C: Involves surveying visible utility fadties, such asnarholes, valve boxes,
posts, etc., and correlatirigis information with existing utilityecordg(QL-D).
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1 QL-B: Involves the ge of sirface geophsical techniques to datmine he existence
ard horizontal position of underground utilgieThis information may be sufficien
to accomplish preliminary enggering goals.

1 QL-A: Involves the ge of nodestrucive digging equipmenttadiscrete, critcal
points to determine therecise horizontal ahvertical position of underground
utilities, as well & thetype, size, condibn, material, and other charac&its. This
activity is called "loa t i ndys’appamiate for developindpid documents.

A plan of the limits of the BE survey is presention Figure 5.2. The QD, QL-C, and
QL-B work was peformedin late 2021. The QL-A fieldwork is in progress. Ae Project
base map was updatedinclude e QL-B SUE information. Resis of he QL-B SUE
investigation are presented plan drawings. Ais information will be updated in the next
phase of dsignwhen the QLA surwey is complete.

5.4  Geotechnical Investigations

RJH performed geotenltal investigatiansto obtain subsurfacdataneeded t@dvance the
Project design.The investigation waperformed in two phases between 2018 ariil20
Objedives ofthe geotechnidanvestigation included:

1 Advancing thegeneralized understanding of gegilg geoechnical,and
hydrogeological anditions at ad around the site.

1 Evaluatingfoundation conditionalong the alignment of the spillway, outlgbrks
tunnel, sil-bentonite berier wall, and embankment.

1 Evaluatingavailable orsite borrow materials.

The geo¢dhnical investigation included tHellowing compaments:
1 Performing geologal mapping.

1 Drilling 44 borings at th Project site and in the SBC alialwalley upstrea ard
downstream of b Project site Installing nonitoring wellswith data l@ging
piezanetersn 37 of the boringand irstallingdatalogging pezometersn five
monitoring wells owned by OSM#® provide longterm monibring of groundwater
levels.

Installing datalogging piezometeis three stillingwells to nonitor surface watdevels.

Performing a geophysical surveyanghe spillwg aignmentto identify the top of
bedrock,confirm the pesence of any pabchannels, and provide data tpgort

1 L

N\

A@q‘ m 18

I

AR\ &

NI

CONSULTANTS, INC. 16134_22-04-06_SBC_Draft_Preliminary_Design_Report



Draft Preliminary Design Report - South Boulder Creek Regional Detention Project
April 2022

boring locations. The geophysigavestigation was erformed ly Collier
Geophysicsl.LC (Collier).

1 Excavating 5 test pits tevaluate onse borrow rmaterials.

1 Performing hydrauliconductivity ests in surficiakoil and bedrock and water
pressire (Packer) tests in bedrock.

1 Performng labaatory testingon colleced subsurface matelsa

A summary of dataollected,and laloratory test esuts is pesented in th&hase |
Geotechital Report- South Boulder CrdeRegional DetentiofRJH, 2019)ard Phase I
Geotechnial Report- SouthBoulder Creek Regical Detention(RJH, 2022b). Additional
geotechnical investigations may peformed insubsequenstages of Project development
asappropriate to advance the dgsi

Additional information regaiidg the geotechnical & conditions ipreseted in Sectior8.
5.5 Environmental Investigations
5.5.1 General

Construction of Projedgcilities will impact wetands and T&E species habifat the

PMJM and ULTO. Thesinpacts will require obtaining emanmental permits thadre
presented ifsection 7 and Sectiod6. Environmental investigations performed to support
environmental penitting included:

1 Wetlandsurvey

1 ULTO surveys

1 Cultural resource evaluation
A de<ription of the environmental investigatieis provided below.
5.5.2 Wetland and T&E Surveys
CORVUS peformed an environmental survey between September 11 and OctoB6éd 24,
that includel identifying channels, ditches, open watand wetlands and assessinggmbial
habitat for T&E speciesdied under the Endanged Species Act (§A). The weland

detrmnation followed methods described in tH8 ACE Wetlands Delineaion Manual
(USACE, 1987) and, haere applicable, in accordancé&mthe methods identified in the
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Regional Supplement tthe USACE Wetlam Delineation Manual: Great Plains Region
(Supplement) (USACE, 2010). The survey limits gengiiattludedthe US36 orridor,
OSMP,and CU Boulder Sah Canpus OSO and PU/O land se areas. CU Boulder
independently retaimeCORVUS to perform aimilar environmentasurveyof the CU
Boulder South Campus PUB area.

Using results from these surve®@ORVUSdeveloped a compste environmental resoaes
map for the Project area,hich is presented on Figure3s.

5.5.3 ULTO Surveys

CORVUS performedi eld surveysd assess ésting populations or individuals of ULTO in
and near the Project site. Three yeadlof O surveys ae required for Formal Cosultaion
with theUSFWS USFWS requas surveys be perforedduring the fowering peiod, which
is generally July 20 to August 31. ULTO surveys were completed duringd2{®e?d 2021
ULTO flowering seasons, amdpresent survey yearl and 2respectively. The 2020 ULTO
survey was perforntebetween August 10nal 18, 2020 and the202L ULTO survey was
performed between August 9 and 11, 2021.

ULTO habitat was identifiedasdon the presence of common assatedspecies identified
in the USFWSInterim Survey Requirements for Spirantheswddlis (USFWS, 192). GPS
coordnates wee colected for each g@nt occurrence. If multiple plants occurred within the
same squaréoot, anote of the number of individals wa made. For populatisof about
500 or more individual ULTO plants, the ptanwee countedand the baindaryof the
populaion wasmapped.

ULTO plants in the Project site can be separated into two popwdaigsed orhydrology and
plant commurty. Population 1 is locatedn the dryside of the levee embankment on CU
Boulder Soutltampts, and pgulation 2 idocated orthewet-sideof the lezee embankment

on CU Boulder South campus and OSMP within the SB@dftiain. In population 1, ULTO
habtat gererally occurred in aamrow band of wetlands that i®rderedoy uplands on both
sides. No individual ULTO wee observed witm the wefands abng the west side of CU
Boulder South campus; wetlands in this are@eglly lacked commonly asxiated species

and were overadrier or transitioning to uplands. In population 2, most indigiduLTO

were observed soutif US36 and ths ULTO pqulation connects with populations outside the
Project site that are monitm by OSMP.
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5.5.4 Cultural Resources

PaleoWst completed &lassl cultural resources evaluation of the Project site. The
objedives of the Class | cultw resources eaduation included

1 Identifying the number and types of cultural resources that anggbt be pesent
within a X:mile radius arond the Projecsite.

T Providing a summary of thecreBuree$.ect’ s pot e

1 Providing préiminary recomnendations regardg any additional cultural resources
work.

A representative of the @¢e of Archaeology and Hisiric Preservatio performed an

official file search of COMPASS for arile radius around the Projesite. PaleoWest
reviewedtopographic raps and consulteBureau of Land Management General Land Office
records to identify aniistoric-period resources.

PaleoWest iderfied one histac property that has been previously recorded within tmeil@
radius ofthe Project site ancecommends copieting a Class lltultural resources inventory.
Pending results of a Class Il invent, the peliminary impactassessment isdahthe Projectvill
have no adverse effect on the historic propemy the proposeProject will benefit the higoric
property by protectig it against future flood damage.
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SECTION 6 - SUPPLEMENTAL REPORTS

6.1 General

RJH colkected and evalted geotechnidand groundwatedata and performed hydrologic
and groundwater modely prior to and concurrenwith developmat of the preliminary
desgn presented in this Report. The methodology, resultss@rmdusionsof this data
collection and modeng is preserdd in the suppleantal reports summarized below.

6.2 Hydrology Report

RJH performed hydrologi@nalyses basesh SEO guidelines to delep thelDF, which is
the regulatorylbodeventused for spillwaysizing. The IDF for an extrera hydrologic
hazard dam is the Probaldaximum Flood (PMF). The IDE doamented in th&outh
Boulder CreelRkRegional Detention Project Hydrology Rep@RJH, 2022a). The controlling
IDF event s a6-hour,Local Sbrm locded on the portin of the wateshed downstream of
Gross Reservoir. EhIDF has a peak flow of 83,282bic feetper seconddfs) and an
inflow volume 0f23,792 adft.

6.3 Phase | and Phase Il Geotechnical Data Reports

As prevoudy discussedn Section 5, RJH grformed ageoechnical investigation program to
obtain subsugice data needed to advartbe Project designA summaryof data collected,
and laboatory test results is presentedlie Phase | Geotechnical Reyp - SouthBoulder
Creek Rgional Detention(RJH,2019 ard Phase Il Geotechnical ReperSouth Boulder
Creek Regional DetentiofRJH, 2022b). Additionanformaion regarding the geotechcal
site conditions is presented$ection 8.

6.4 Baseline Groundwater Model Report

Constriction of Projecfacilities cold impact natural groundwater conditions in thanity
of the Project.RJH developed a basadi groundvatermodel (Baseline Modelfo support
theevaluation of Projet impacts and to suppdfte desgn of the facilities tomitigate the
impacts. Groungater modeling was performed using the MODFLAYSG software
program. Themodeled area includedB®& and the adjzert alluvial valley from about
Highway93 at the upstrea end to Baseline Roaalt thedownstreamend.
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The Basehe Model was desloped using Rijectspecfic data, publicly asilable data, ah
information provided bYDSMP. This modelsimulated condions from November 2018
through OctobeR019 and was calibtad to data collected dgJH from 32monitoring wells
throughout thé°roject site.The Baseline Mo had an unweightesicaled root mea
squared (RMS) erraf 1.1 percent followng calibrationwhich is within the industry
acceptabléimit of less than Percent.

The groundwadr conditionssimulated bylie Baseline Modeare consisten  wi t h RJH’ s
corceptualization of théaydrogeologicsystem of the Projesite and vicinity, and¢tey
takeawaygrom the Baseline Model include:

1 Groundvater levels declineotvard the north througliné aquifer, which generally
follows the slope of topagphyand flow of SBC.

f Total flows through the modefary from about 350,000ubic feet per dayft®/d)
duringthe summer to 15,000ft3/d during the winter.

0 Predominant compaents of the hywgeplogic systemare inflow from recharge
(bothirrigation and natural precipitationyutflow from evapotranspiratioand
interactons with suface watein SBC. Thes predominant congments account
for flows that rangérom 65 to 82 percent of the ta flow through the modeled
areathroughouthe year

o Groundwater flow isrelatively minor contributor to the owedr flows through
thehydrogedogic systemwithin the modeled ase Groundwater flow rates of
approximately 6,000 are pedctedto occur beneath US3 which is
predominantly occurring through alluvium in the western portion oPtiogect
site The totalgroundwater flow g relatively stable seasonalgnd rangs from
approximately2 percent of the hyagedogic system inthe sunmer to5 percen
in the winter.

1 The alluvial aquifer does nappear to be stronghaining water fronor strongly
losing waerto SBC.

1 Seasnal groundwatefluctuations are influenced maturalconditions through the
hydrogeolog: cycle and irrgation gplied to OSMHields.

1 The modéwas most sensitive to irrigan recharge rates drthe alluvium spedi yield.

| n RJ Honsthe®Basehe Model proviles a reasonable approximatiof the exsting
groundwater system in thedpect vicinity ard is sutable for evalating impacts tat Project
components could hawn the hydrogeologisystem and for suppting design of Projet
features thamitigate impatsto the existing groundwat system.The baseline groundwater
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modelingis pregnted in he Baseine GroundwateModel Report South Boulder Creek
Regional Dé&ention(RJH, 2021).
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7.3  Project Stakeholders

We anticipate ta following stakehalers will provide inpt regarding desigpreferences and
criteria:

1 OSMP: A portion of thespillway and outletvorks, and groundwater monitioig
wells (instrumentdon) will be constreted on OSMP propertyOpen Space Bard of
TrusteeOSBT) will need tdassue a land dispolarior to constructn. OSBT and
OSMP staff wil be provided an @portunity to review 8-, 60-, and 90percent design
submitals, and OSMPtaff will provide inut for development otie environmeratl
and ecologial restoration.

1 CUBoulder The dam etmankment, detentiorxeavation, levee removal, @ogical
restoraton, and portions of # spilway and outlet works wiibe mnstructed on CU
Boulderproperty. @ Boulder and the Gitauthorized amnnexation agement in
2021, and reévant terms of thaigreement will needtbe incorporated into the
desgn. CU staffwill be provided an gportunty to review 36, 60-, and 90percent
design sbmittals and provideomments.

1 MHED: MHFD will be a fundhg partner forconstruction and haseen actively
involved in development dhe concept and preliminadesgns for the Roject.
MHFD staff wil review 3@, 60-, and 96perent deign submittalstad provde input
for development of th&uture phases afesign.

1 DCD2Company DCD2is owned and maintaindsy the DCD2 Company. The
spillway will intersect DCD2 approximatgl 75 feet upstream of US36, and ditch
facilities at thespillway will need tobe modified to acommodate the Bject.

7.4  State Regulatory Status
7.4.1 Jurisdictional Size

The SEO has edtlished criteria to idenfy thejurisdictiond size of a dam. Jisdictional
dams in Colorado are retated and subjeed to the authority othe SEO. Iraccordance
with Rule4.6.1 of the §0 Rules and Regulations jurisdictional size dam must meeto
of the following critera:

1 Resevoir with acapacity that excesdL00 aeft.
1 Reservoir surface arelat exceeds 20 asatthe maximum normigool.

9 Jurisdictional height thaexceeds 10 &.
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The dam for this Prog meets all of those criteria andliibe regulated by the SE& a
jurisdictiond dam. Additional inbrmationre g ar di ng R J Hthejurisdicteotalu at i on
size is presented iAppendixA.

7.4.2 Hazard Classification

The EO has established critario determine the hazard classifioatof a dam. The hazard

clasdfi cation esthlishes all of the SEO s igd @iteria for a dam excepof spillway sizing

Thehazard classifiation is identified based on potel consequeres associated with a

failure of the dam with the water surfagevation up to the spillay aed (i.e., sunny-day

failure). A hHgh hazarddam is a dam for which lef human life iexpectedo result from

a dam failure. RJH penfmed a simulatd sunnyday dam breach evaluatiamgeneral

accordance with #n S EQGWidedines for DanBreach Analyses (§0, 202@). Based on

this evaluéion, loss of life is expeted to result from a dafailure, and we anticiga the dam

will have a igh hazard clagication. Additional informatiomr e gar di ng RDbH' s ev e
the hazad classifications presented iPAppendixA.

7.4.3 Hydrologic Hazard Classification

The SID has established critarto determine the hydtogic hazard classificain of a dam.
The hydrologic hazard classificati@stablishes design criteffiar spilway sizing. The
hydrologic hazardclassification is ideified base on potential consequersassociated with
an ovetopping failure of the dm during the IDF. Forrpliminary desig, we assumed the
damwill have a extreme hydrologic hazadiassifiation based on thproximity of thedam
to US36, the Tantraeighbortood, and the Manhattan Cle office complex. Eveif the

IDF was reducedhe length of the spillay will not change because the length is fixedsed
on the criteria of reduieg impacsto OSMP property However, a redction in the IDF may
result in aminor decrease to the lghit of the dam embankminAdditional analyses iy be
performed in the ne stage of degn to confirm the hydrologic hazhclassification.

7.5 Design Criteria

7.5.1 Regulatory Criteria

7.5.1.1 Water Rights

Water rights reqiirements for a legaltprotected stormwater detentidacility were

identifiedfrom Colorado Revised Stae 3792-602 (ColoradoStatel egislature 2015) The
detention &cility must:
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T

7.5.1.2

Contnuously relase or infiltete at leas97 percent oéll the runoff from a rainfal
event that isless tha or equald a 5year storm within 72 hours aftdre end of the
event

Continuously release anfiltrate at kast 99 percemf the runoff withn 120 hours
after the enaf events geater than afyear storm.

Operate passively dmot subgct thestormwater runoffto any active treatment process.

Dam Safety

Dam sé#ety requirements were éditified based m requirementsrom the SEO Ruleand
Regulatios for Dam Sadty and DanmConstruction (Rwtsand Regulations(SEO, 2028).

Embanknent

T

The minmum embakment freeboard should meet both normal and residual
freeboad requirements:

o Normal freeboard should b2 feet or the \@ve setup and runup igerated g a
sustained. 00 miles @rhour wind, whchever is greater. Normal frieeard is he
vertical dstance beveen the top of thepillway and crest of the embanknten
dam.

o Residual freebard should be foot or the wae setup and runup generatedaby
10 percent anual excedance probabilitywind, whichever is greater. ésidual
freeboards theverticaldistance bateen the routetDF elevation adthe crest
of the enbankment dam.

The crest widthmust be equal to the jurisdiotid height ofthe damin feet divided
by 5, plus D feet.

The crest shuld havea canber suffcient tomaintain the design freeboard based
the anticipated magnitudé crest settlementCamber should beo less than 6.foot
or the predicted deforrtian (settlemat) of the dam, whichever igreater.

Roads located on tldam cresshauld have apropriatesurfacing material to resist
rutting and provide adequate tractim wet conditions.

Embankment dasimust be desigul to have stable slopes duricmpstructionand
underall conditions of eservoiroperation with factar of safey based on EML110
2-1902 (USACE, 2003b). Tablgl presats the required minimum safeigctors for
variousload conditions.
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TABLE 7.1
REQUIRED MINIMUM SAFETY FACTORS
Load Condition (Analyzed Slope) Minimum
Steady State Seepage - Empty Reservoir (Upstream and Downstream) 15
Steady State Seepage - Full Reservoir (Upstream and Downstream) 1.4
End of Construction (Upstream and Downstream) 1.3
Rapid Drawdown (Upstream) 1.1-1.3

1 The SEO Ruleard Regulationsanddocuments referenced thereinmiu discuss
embankmenstability requrements for a trasient loadig condition whichwill be
more appropriate for a dry flood cooltdam. Transiet loading criteria for
embanknent stabilitywill be disussedwith the SEQn thefuture stagesof design

1 Steady statsegoage loadig conditions for bth a full reservoiand an empty
reservar wereevaluatedor preliminary design tbe conserative Embankment
stability urder transient loading cditions will be evaluated irthefinal design to
evaluate how the embamiert will respnd to stort-term tydraulic loads assaated
with temporaryflood retention.

1 The SEO Ruleand Regulationand da@uments eferenced thereindo rot specify a
recurrencenterval tobe ugd for seismic loading. A 5,08@ar return frequency as
used as thelesign seismic load

1 Upsteam slope ptection for wave aan is required on the entire upstream slope
unless lsser coveage can be judied based on engineering aysik and eservar
operational criteria. The gpream slope protecti®shoud consisof riprap or a
harcened ining (e.g., sil cement), but gexsynthetics may be accepted by the SEO on
a caseby-ca® basis.The reservoir Wi ty pically be dry, so contimal wave eosionis
not a significant concernTherefore, justificationwil| be develped for lesser
coverageduring the nexphase of design.

1 A minimum corridor of 50 feet should be provided beydime dowmstream toe of &
damfor maintenance. ForigProjectthe50-foot offset will befrom the CU
BoulderSouth @ampus propertipoundarythe topof bankof Viele Channel, orthe
existing CDOT ROWwhichever is more restrictive.

Spillway:

1 The spillwayshouldbe capable of conweng the IDF, which is baskon thePMF for
an extreme hydrologic hazaddm. The IDF islocumented ithe SouttBoulder
CreekRegimal Detention Progct Hydrology ReportRJH, 2022a).

RiH
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1 The starting water surface e&ion when routinghe IDF should behte spillway
crest unless bwer waer surfice elevation can be justifiede have condered the
reseVvoir is enpty at thebeginning of the IDFbecawse the reservoir willypically be
dry.

1 The spillway wall willretain the maximumommal pool and wilbe considered part
of thedam. Tle spillway wall will be designed to ne¢ structural rquirements for
concrete dns basean Gravity Dam DesigrEM-1110-2-2200 (USACE, 2008)

1 A minimum 5foot crest width is requirefibr a concrete @m. We will coordinate
with the SEO to obtain aaviancefor this criterion in the next stagd design because
a smaller with will be structuraly adequége for this Projed.

1 Ice loading will rot be considered because the reservoirdwdinin less tharl20
hours, andlevelopment of an iceap is extremelynlikely.

1 Spillway discharges fdtows up to thdDF shauld not caseexcessive emion of the
abutmentsind fouration of thespillway.

Outlet Works:

1 The outlet works shoulde capalte of releasing thedp 5 feet reservor storage in
five days.

M Intake structures for outlevorks should Ave a tashrack.

The SEOGuidelinesfor Project RevieWSEO, 2020b) prades recommerations for
trashrackvelocity and requirements for structlidesign. The maximum velocity for
tradhracks acessible for cleaing is5 feet per sead (fps) assuming0 percent of
the open area is clogged with diebr

1 Therequired structwal loading cadition for structurbdesign is 20 feet of differential
hydraulic head.

1 The outlet works should ka an enggy dissipatora prevent undesirableresion @
damage ohearby structures. The energy dissipator sthoel lasel on the IDF
resevoir watersuface elevation.

Instrumentation

The SEO Ruleand Regulaonsrequire that high hazdrdams have the follang
instrument#on:

i Station markergvery 1@ feet on hecrest of the dam.
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Survey monuments along tdam and top othe spillway.
Piezonetas to monitor thehreatic surface within the dam

Seepage nasuring devices.

= =2 =4 =

Staff gage irclose proximity © the outlet wdts with the zero mark fothe gage
correspading to the invert elevation of the outlet werk

7.5.1.3 Federal 404 Permit

Requirements and criteai for the Clean Water ActCWA) 404 permithave not been
identified yet. Additional discussns withUSACE ard USFWS will be rguired. We
anticipate discussions will occur aftetfSACE has esponded to the request for jurisainal
detemination.

7.5.1.4 City Wetland Permit

Requirenerns and criteria for the City wetland permit hawe been identied yet.
Additional digussionswith the Gty Planning department will be required. Weicpate
discussions will occur elgrin the nex stag d design.

7.5.1.5 CDOT Access Permit

CDOT requirements for the Project were identified lobse a letter fom CDOTto the City
daed Septmber 9,2019, and multiple meetings and discussions betw@énand CDOT
staff. CDOT requirmentsare:

1 TheProjectcamot impede ore d u ¢ e C D Q To'’comtrola dperdtei and maintain
US36.

1 The spillwagy substructure @y be bcated within tle existing CDOT ROW The
spillway superstructure should generdilylocated outside of the existi@@pOT
ROW withthe fdlowing exception:

o A portion of the spillwaysuperstructure can extend through the existing TDO
ROW to connecto theUS36 embankmerngrovided it will not increase the risk of
flood damage to the U83mbankment andill not result n theUS36
embankmer being classifiel asa levee by FEMA.

1 Impacs to the existing US36 bridge at SBC are not a@ebép This prdibits a)
physical modii catiors to the brdge, b) increases in hydraulic conditions thylathe
bridge, and c) increasessoourpotentialthrough the bridge.

A@‘“ , 31
= ?‘.\
4] Jﬁ

1 L

)\

==

CONISULTANTS,

NC. 16134_22-04-06_SBC_Draft_Preliminary_Design_Report



Draft Preliminary Design Report - South Boulder Creek Regional Detention Project
April 2022

7.5.1.6 FEMA Floodplain Permitting

The Project was advanced during preliminaeyign based othe regilatory floodplan
prinaple of gerrally not increasing downstream flood extentslepths. Additional
discussions wh FEMA will be recuired to dentify more specific floodplai regulation
requirements. We anticipate discwssi will occur arly inthe nex stageof desigh and will
include MHFD, the City Floodplain Manager, andutder County Floodplain Manager. The
Project tean needs toidentify aprefered modeling aproach for the CLOMR prior to
initiating discussiaswith FEMA (see Secton 9).

7.5.2 City (Owner) Criteria

City requirements for the Project were basadequirements identified duringeliminary
design anan-going discusions withthe City.

General

1 Project facilities will be visible from US3 CU BoulderSouthcampus OSMP traik,
and nearby residence®rojectfacilities should be aesthetically pleasing amegrate
into the surrounding infistrictureandlandscape.

1 Themulti-use trail locadd downstrearof the spillway in the CDOT ROW must be
restored dllowing constration d the Project. A tempary detourof the multiuse
trail should be provided duringpnstruction.

1 The Project will le furded bythe City and MHFD. Reducing costs tohe extent
rea®nably practicable without negatively impactingject operationssafey, or
design criteria islesirable.

1 Construction will require a detour of the mulse trail, possibly impact the336
eastboundshoulder, and create vid and noise disrupminsto nearby residences and
OSMP users. Reducing tdaration of costructon to the extent reasohly
practiable without negatively impacting Project opéoats, design criteria, or cost is
desirdle.

1 The Project site will belosed to the public @ring construction for public safety.

Hydraulic and Wdrologic

1 Prevenoverbpping of US36 from thd00-year flood event. Both the sheduration,
high intengty, and longduration 108year evats $iouldbe onsidered. Hydrology

1 L
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for the 100year eventill be obtained from th8outh Boulder Creek
Climatology/Hydrology Reprt (HDR, 2007).

1 The Project canot negatrely impact existing floodplains at any upstream
downstream location for the 19@arflood event.

1 Methodology br perbrming hydraulic modiéng and floodplain evaluations will
generally be consient with the nethodobgy used to develop tHeEEMA reguldory
hydraulic model.

1 Viele Channel and otheotal offsite drainages flow throigthesite. Project
facilities shouldallow off-site flowsto beconveyed through or around the site
without cauang additional ugtreamor downstream flood impas along hese
drainages for flood events up to and inahgdthe 100year event.

1 The facilty should ke designed to funtion with sedment and debrisoldsthat are
typical with extreme flood events.

Hydrogeologic

1 Conveygroundwvaterthrough Project fatities in amanner that substantially
replicates existinfjow patterns to prevent upstreamogndvatermourding,
downgream loweriig, and potential advee mpacts to existing vegetation.

7.5.3 CU Boulder Requirements

CU Boulderrequrements for the Pject were dentified based on the annexation agreement
between the City and CU Boulder and lunde:

1 A minimum of 129 acres of devgdalle area must be pvided for future CU
development. It may be acceptatdenodifythe onfiguration of developable age

1 60 acresin thePK-U/O landuse area has been desigifor floodmitigation. If the
City does notusetheentire60 acres for flooanitigation,the renaining area will be
dedicated as open space.

1 Renoval of a portion or the ertirety of the leveés acceptae.

1 Access to the site through South Loop Brimust be maintaike If modificationsto
theroad are required, the road should be modified tonta@ the existing level of
service and overall cwition, including paved to 24 feetin width. Future
enlagement or enhancement of South Loop Drive bdlthe responsibility of CU.
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1 Modifications b SouthLoop Drive should inclde placing a roadway ba with the
crest at the 50§ear waer surface @vatian to prevat inurdation of the PUBand
use area dung the 500year flood event.

1 Aesthetics for Prect facilities facing CU develop&bara shald be oordinated
with CU.

M Fill on the PUB land usa@a should be constructed in antance with the G
Desgn and Costruction Sandards.

7.5.4 OSMP Requirements

OSMPis a najor sekeholder and thee will be both drectand indirecimpactsto OSMP
property. Tle City and OSMP have had-gning discus®nsthroughot the development of
the preliminary designral will continue tchavediscussions as tHerojed advarces. The
30-percent desigrhasbeendeveloped basdon a 96foot-wide constuctioncorridoron
OSMP propertysouthof US36. We anticipate dissssions regaidg additional requirements
for this coridor will continue

7.5.5 Dry Creek Ditch No. 2 Company Requirements

Thepreliminary design waadvanced taccommodate future operatis in DCD2 without
obstruction from the ®ject and to ensuiiacreases in flow ad head through the US36
culvertwill not negatively impacthe longterm condition of th cuhert. e anticipaie
discussions with DCDZompany Wil occur early in the nexdtage of design.
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SECTION 8 - GEOTECHNICAL SITE CONDITIONS

8.1 General

Surficial soils at the Project site consstfil| and alluvium. Filis locatedalongthe US36
embankment whin CDOT ROW, in peviously mined portionsf the CU Boulder Satl
campus, andn the levee that generally septias CUBoulder South campus and OSMP
property. Fill is generally finergrainedsoil than the alluvim, however the fill composition is
variable and ranges from clayey soil to cobbles and boul#féesclasified sal within the
SBC alluvial valley as ndifferertiated Quaternary age (lessdh 2.6 million yearsld)
alluvium, whichgeneally consists of and,gravek, cobbks, and boulders. Bedrock
throuchout the Project site is the Late Cretaceous a@j¢o(600.5million years old) Pierre
Shale Formationwhich isgeneraly clayey shale wittsome sandstone.

8.2 Fill
8.2.1 General

Threeprimary areas diill were identifiel: US36 embankment, CU Boulderulo campus,
and levee. Fill consisted of a varietlysoil types andvas commonly a clayey sand with
some gravel.

8.2.2 US36 Embankment Fill

US36 embankment filvas encountereat theground surface ithree borings andanged
from 1 to 6 feet in thickres. The fill consisted of clayey sand with graged\elly lean clg
with sand, sandy lean clay witnavel, andgravely fat clay. UncorretedStandard
Penetation Tesi{SPT) N-values ranged from 1b 135 and geraged 22. The Nalues were
generdly higher south of the muHiisetrail. The fill was typicallydry to moist ad soft to
very stff. Liquid limits ranged from 41 to 53 and averaged 41 plasticityindicesranged
from 26 to 29 and averad 27. Thanaximum particle sizeecovered was. inch. Pocket
penetrometer redts rangd from 1.0 to 4.Qonsper squaréoot (tsf), and tk vertical
hydraulic conductivity is about 1x10centimeter pesecond(cnvs).

8.2.3 CU Boulder South Campus Fill

Fill on CU Boulder South campusaw encountered in aepreviously nmed and in the berm
along the weserd of the Projecsite (west berm)Fill was generally encounterkat the
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ground surface or below top saitd rangedirom 2.0to 26.0feetin thickness and was
underlain by alluvium obedrock. The fill casisted of mosy clayey sandvith gravel
Twenty-one sampler locations enoateed refusal(50 blowsfor less tlan 6 inches At 36
other samm@ locationsuncorrected SPT Nvalues ranged frorhh to 72 andhverage®3. The
fill ranged from dry towet, and very soft to very stiffOnesampé wase nonplast. Fifteen
sanmples fad liquid limitsthat ranged fron23to 80 and plastity indicesthat ranged fron® to
54, with averagesf 37 and 17, respectively. Thmaximum partick size was recovered in the
test pits and was8inches. Pockgienetromeer resultsranged fronD.25to 3.0tsf.
Horizontal hydraulic conductivityneasured from 11 iiisg head tests ranged from 3.4510
3.6x10* cm/s and the geometric ean was 5.4%0° cm/s Vertical hydraulic conductivity
was 2.6x16 cm/s for an intacsampk offill and 2.x10° cm/s fora sample that as
remolded to approxnately 95 percent of the si@ard Proctor maxiom dry unit weght at
abou 0 to 2 percent abovthe optimun moisture contein For samples of intact fill, RJH
interpreted that therainedstrengthfailure envelope can beepresetedby a drainedfriction
angle of 36 degrees and ndiesion. Theindrained strent failure envebpe was interprete
to be arundrained fridbn angle of 17 degrees and undrained cohesiabamit 31pounds
persguarefoot. In two boringsplack gravelsized péticles were recovereahd consisted of
oil, grease, an8ilica GeltreatedHexaneExtractdle (SGT-HEM) material The ol and
grease cocentrationn two sanpleswas 46900 and41,800milligramsperkilogram(mg/kg),
and theSGT-HEM materialconcentratiorwas 12,200ng/kg

There are no receds or test data thabcument the placeent of the fil once the mining
operations wee completed. Theilf appears tde nonenginered and matel propeties are
variable.

8.2.4 LeveeFill

Levee fill was encountered #ite ground stiace intwo borings and ranged from abt 6.4 to
12.6 fetin thickness.The fill mostly @nsisted ofclayey sand with gavel and sandiean
clay ard included smeprocesed Pierre Shal Alluvium was interpreted below the levee
fill , and Pierre Sha was encounterectlow alluvium. A clustr of insulated lectrical wires
that did not appedno be conihuous was encounteten one boringrom aboutl.0 to 1.5 fet
below tre ground sudce. Six sampler locations encountered refusallflvsfor less than
6 inche3. At two other sample locationancorrectedSPT N-valueswere 13 ad 33 The

fill ranged from dry to moistsands were gerally dens to very dese, and chgs were stiff
to very stiff. Foronesampletheliquid limit was31, ard plasticity inékx wasl5. The
maxmum particle size recovered was 8 inches arale mostly less thah.5 inches.
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The levee waslesigned by eonard Ricd&ngineers, Inc. in 1979 and comgted in B80; it
was raised ir1998 and aga in 2009. CTL/Thompson, Inperformeda geotechical
investgation and evaluation of the levee frdr897 to 1999 andconcluded that theevee met
FEMA geotechnicbrequiremats for certification in 1998 ar@D09; CTL/Thompson, Inc.
also povided testig and observation of the ind&tion andcompactiorof engineeed fill
when the levee was raised in 8%d 2009 (Leonard Re, 2009). Théevee was ertified
by FEMA in 2000and recertified after the raige 2009.

8.3 Alluvium

The natural alluvial valley is bounded the east amngest sides by elevatesdirfaces of
Pierre Shale. We interpret that alluvithistorically extendechtoughout much of the CU
BoulderSouthcampus. However, much of the alluvium@©b Boulder South campus has
been removed and replaced with fill, and therefore the cuatlenial aquifer is constricted
around the east side of RbulderSouth campus

Alluvium was encountered below portions itif Westof the leveeand at the ground surfac
in areas east of the levee. Wium rangel in thicknessfom 1.0 to 20.&eet and was
underhin by Pierre Bale bedock Alluvium predomhnantly consisted of aariety of coarse
grainedmaterial. In severalfaghe boings, cobbles and/or boulders werecountered at or
near the groundurface owhile dilling. The amount bcobbles and bouldsiidentified in
onetest pt represent abdB0 to & percent oftie volume. Samples collectadthe test pit
betterrepresent thecoarser material, which waenerally a gravel with siltaad, cobbls,
and bouldes. The duvium appears to be a deposit heterogeneaipartideswith minor
amount of silt or clay. Coarser or finer layers, eghvertically or laterdy, were not
identified. The shear wawelocity of the alluvium rangeftom as lowas 800to 1,500feet
per secondfps).

About 46 percent of the SPEampéesencounterd refusal (50 blows for less than 6 inches)
UncarectedSPT Nvalues ranged fror to 73and average@5. The aluvium ranged from

dry to mois above the groundwait table and nmist towet below tle groundwaterable. The
dersity ranged fromoose to very densd~our samples were nonplast Nine samples had
liquid limits that ranged from 20 to 30 and pla#}i indices ha rangedfrom 2 to13, with
averages of 24 and Gegspectively. ie maxmum particke size was reavered in the test pit

and was 20 inches. HHrontal hydraulic conduivity measured in 38 rising head and constant
head tests ranged from6%107° to 3.1X1.0? cm/s and the gemetric meanvas 5.0x1¢ cm/s.
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8.4 Pierre Shale

Bedrmock of the Rerre Shale fonaion was encountered below alluvium anddit depths that
ranged fom 3.7 t0 32.7feet below the ground surfacePierre Shale bedrock encountered
nearthe connetion of the dam embanlent and spillway alignments ranged from about 18
to 21 feet below thground surfacewhich is deper ttan dong the ignments of other
Project componeist Dept to bedock was shatiweg along the southern portion ofeth
detentian excavation alignment abaut 4 to7 feet below the ground surface.

Pierre Shale is gendlya a low-pernmeability clayey shalecommpsed mosit of low to medium
plasticity finesandis mostly soft to very ®ft. Bedrock is generally horizontallyedded and
is predominantly unfraared Generally throughout thesite, Pierre Shale ifesh b sligtly
weathered.The interpreted top ofieatherd bedock had a shear wave velocity of
approximatéy 1,100to 1500fps, and the shear wave velocity iresed to 4,00fps within
the depthexplored

About 33 percent of the SPT samples encountered re{G68ablows for less thab inches)
Uncorrected SPN-values rangd from14 to62 and average®8. Recoverd samples of
Pierre $iale were mstly dry tomoist. Liquid limits ranged from 29 to 46 and averaged 37.
Plasticty indices ranged frord to 28 and averaged 19. Packer test resulteecdngm 0.1 b
29 Lugeong1.0x10 to 3.2x10* cm/s)and the geometr mean was 0.1 Luges (1.8x10
cnys). Theunconfined compressive strength of 18 rock core samples ranged fréon

1,261 pounds pexquare inch (psi) and averaged 389 psi. The uieet compresive
strengthof tested saplesis geneally higher alog US36, which average24 psi, and is
genedlly lower toward the west side of the Project site (i.e., CUl@auSuth campus),
which areraged153 psi.

85 Groundwater

During the gotechical investigatim, groundwatewasencountereat depths of abo.0to
28.0feetbelow the gound suface. Groundwater was observed in alluvial or fill material,
andbedrock however, the phreatsurface exists within fill andlluvium. The elevatio of
groundwater genally declired b thenorth, whichgenerallyfollows the slope of topography
and flowof SBC.

Monitoring wells in the fill hare varied responses to seasogidundwater flatuations ad
precipitation likely because oliocal heterogengies within the fill. Groundwate levels
measurd in the monitoring wells in fill &ry up to about 8 feet seasdiy. Groundwater
levels from the monitoring wells inlalZium varyfrom about 4 t@ feet seasonally and
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generally respond tprecipitationtrendsandirrigation activiy on OSMP fields south and
north of USS®.
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SECTION 9 - HYDRAULIC MODELING

9.1 General

The existingregulatory flooglain model (i.e., Effective Model) along SB©Onsists of a
combindion oneand wo-dimensonal hydraulic modethat was developed using theKE
FLOOD software program. The Eftace Model for SBC through the City is from tRl®od
Mappng Study as doamentd in theSouth Boulder Creek Climatologiydrology Report
(HDR 2007). This model wasadopted by FEMA ase Effective Model in 2008. Dyjital
copies of the Effective Model werbtained by DHI from the MHFD in October 2017

A CLOMR was prepared by Plenary Risaand Michael Bakelr., Inc.to dacument clanges in
the SBC flamdplain resulting from the US3@ideningproject. Typically, a CLOMRs
performed using the same modeling approachsaftwareas the effectiveregulatay study.
However, modeling for thiELOMR was performedsing a oe-dimensionaHEC-RAS model
insteal of the Effective MIKE FLOOD radel. Tke change in modeling approaghdsoftware
was discussed and approved by @y, Boulder County, MHFD,andFEMA. The CLOMR
model included widening 836, widening the US3bridge @er BC, and dding a duabarrel
wildlif e crossing culvert beloWS36. The HEGRAS model was subsequinupdated
following constructionand a Letteof Map Revision (LOMR) wasissued ly FEMA in 2017.

Project facilities will altethe SBC flooghlain koth at the Projet site and downstream ofeth
Project site. Floodpin mappng changes are anticipatedinaluderemoving large portions
of the West VHey fromtheregulatory flaodplain and minor floodplain changes along the
main sem of SBC. Hor to construdion of the Project, a CLOMR will red to be obtained
from FEMA, doaumenting changes to the floodplanappng. Development of thELOMR

will requiredevelopment of he llowing hydraulic models:

1 Duplicate Effective Model: Tie model is aopy of the Effective Model that is rerun
ontherg u e st e r énsto ensundé hgs been correctly transferred

1 Corrected Effective Model: This metcorrectsany errors in tie Duplicate Modkl,
updates the model to the latest versiothefsoftwareand incorporaes more detailed
or updated topogrdyy and LOMRs.

1 Proposed Conditios Model: This model is modifieto reflect the posproject conditios.

Forthis 30-percent dsignsubmittal,the RJH Team developed a preliminary Correcte
Effective Madd andaPreliminary Proposed Conditions Model, weh are described below.
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9.2 Preliminary Corrected Effective Model

DHI developed a Pretiinary Coreded Effective Modelthat was used as thadeline for
comparisons with the Preliminarydposed Conditonsmodel. The Effective Model
obtained from th&MHFD was in the Version 2009 $pf the MIKE FLOOD software
moceling package. DHI upgradthe modet from Veision 2M9 1 to Version 2017 SP1
to incorporateecent software update

Both the 1@-year and 500year design flood events in the Effiee Model are generated by
a shortduration, highintensity hurdergorm (i.e., the 10§ear Thundestorm ard 50Gyear
Thunderstorm). Initial model smations for the 10§ ear General Stan performed ly the
RJH Teamduring Concept Design resulted imler flood inundation extents and depthan
the 100year Thundrdorm. Based onhis evduation it was concludedhatthe
Thunderstorm is #ngoverninglesign storm for flood extés and depthelative to tlesetwo
events. Therefore, the GenarStorm was not used in development of theliRrinary
Correcteceffective Model.

The Effective Model was modiéd to develop the Preliminary Correcteéfective Model by:

1 Updating bathymieic and channetopography usig LIDAR data fom the postlood
2013 survey

1 Incorporating US36 embankment amiblge modificationgeometry and the uhl
wildlif ecrossing culvesfr om CDOT’' s US36 .expansi on

1 Updating bpographic data at the Reot ste based 02017and 2021survey data

Updating SBGchannetopography bsed onn-stream channel constructisarvey
asbuilt drawvings

Correctng incomplée and/or ncorrect culvert inbrmation from the Effective Model

Identifying and reolving culvertissues in thenodeling approdt usel in the
Effective Modelregarding 152D bypass at hydraulic structures

1 Updatingtle Ma n mroughness adfi cient n Viele Chaanel b reflect curren
conditions

A comparison of Effetive Model andPreliminary Corected Effeave Model resultsmdicate
similar overallchaacteristics fothe 100year and 50§ear events dpite sigificant cranges
to bathynetry and coss sectias andupdates to hydrdic controls throughout the domain
However, thee are significat differencs (i.e., greater tnone footin depth) in specific
locations. Therera also areas along theénige of the floodfain thatare remwed from the
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floodplain fa both the 108/ear and 50§ ear events.These difierences i likely theresult of
the higher resolution tpograhy. A plan of diffeences in flood depthbetween the Effective
Model andPreliminary Carected Eféedive Model for the 106/ear event is presented on
Figure 9.1. Areas shawin green are aas thatvere part othe 100year floalplain in the
Effective Model but are removefr the PreliminaryCorrected Effective Model.

Additiond informaiton for thePreliminary Corrected Effective Model is presentedhia
Draft South Bouder Creek MIKE FLOOD Corrected Effedve Model Developrant Report
(DHI, 2020) that was previously sumitted to the City.
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Figure 9.1: Difference in 100-year Flood Depth between Effective Model and Preliminary Corrected
Effective Model
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9.3 Preliminary Proposed Conditions Model

DHI developed Reliminary Propsed Conditions Maal by modifying the Prelimmary
Correcied Effedive Model. Revisions generalincluded malifying the topographiterrain
to reflectthe dam embankment, detamtiexcavation, spillway, and levee reval ard
modeling tle autlet works as culvert below US3. The Preliminary Proped Condiions
Model wasdeveloped to answer the follomg primary questiams for the 3€percent degjn:

1 Does thedvee along the east side o tGU property neetb be remoed forthe
projectto meet hydrauli@and floodplain degn criteria?

1 What is the requirk hydaulic capaity of the outlet works?
Doesthe wildlife crossng need to benodified tomodify hydraulic capacity?

1 What is the predrred storage volume and conirgtion for the detnion excavation?

A series of modeluns were performed to answer thegiations. Asummay of the model
scenarioss presented in Tlale 9.1.

Note:

TABLE 9.1
HYDRAUL IC MODELING SCENARIOS
Outlet Wildlife

Levee Works Crossing Detention
Scenario Removed | Capacity®™ | Opening | Excavation
Scenario 1 No 2 100% Initial
Scenario 2 No 2 100% Expanded
Scenario 3 Yes 2 100% Expanded
Scenario 4 Yes 2 50% Expanded
Scenario 5 Yes 3 100% Expanded
Scenario 6 Yes 4 100% Expanded
Scenario 7 Yes 1 50% Expanded
Scenario 8 Yes 1 100% Expanded
Scenario 9 Yes 1 100% Refined

1. Number of 60-inch diameter pipes.

Additional informationregading key nodel variables is preented blew.

1 Levee RemoMa For scenarios that included levee removal, the gradag)
develomd assuming the levee is removedative gound,which is generall the
wet-side toe of the hee.

M Outlet Works Capaty: The maximumdiameter of the outt workswill be limited to
about 668inches based on cover constraints below US3@aid2. For his
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modeling, we considered outlet ws corfigurations witha hydrauliccapady equal
to one,two, three, and four 6lhch diameer pipes

1 Wildlife Crosshg: We eviéuated the impact of flows through the wildlileossing on
the performancef the Project byonsideringa) blockingone of he dwal wildlife
crossing culves (i.e, 50-percent capaty) and b) maintainingull capaity of the
culverts(i.e., 100-percentcaacity).

1 Detention ExcavatianThe initialdetention excavation gradjrplan provided 60 ac
ft of storage at theop of he déentionexcavation. Basedn initial modeling resus,
it appears that adebnal staragewill be benefi@al, soRJH develpedan “expanded”’
grading plan that provided abt 105 a€ft at the top othe detention excavation. This
grading pan was tken rdined toprovide more desable coditions for localdrainage
and vegetatio estalishment. The refined gading pan provide 73 acft at the top of
the detention excavain.

Additional informationregarding the proposed conditions modgbiesergd inAppendk B.1.
A plan ofdifference in 100year flaod depths between thediminary Correced Effective
Model ard the PropsedConditions Model for Scenarios 8 and 9 isgented on Figures 9.2
and9.3, respectively. A summary of proposemditiors mocal resulsis presented iffable
9.2. Based orthemodeling resultsScenaio 8, with the expanded demntionexcavation
grading does not increase downstream flood impaotsgared to the existing ndition.
However, minor increases inwastream floa impacts (i.e., ugo abait 0.1 feetiare
anticipatedwith the refineddetentionexcavaton grading pla (Sceenario9). Additional
refinement to the detention excavation gradinigjbe required in thenext stage of design.
Theoptimum storge vdume of the degntionexcavation that W not cause downstream flood
impacts idikely samewherebetveen the epanded gradng (i.e., 105 adt) and the refined
grading (i.e., 73 aft).
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Figure 9.2: Difference in 100-year Flood Depth between Preliminary Corrected Effective Model and
Proposed Conditions Model - Scenario 8
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Figure 9.3: Difference in 100-year Flood Depth between Preliminary Corrected Effective Model and
Proposed Conditions Model - Scenario 9
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TABLE 9.2
HYDRAULIC MODELING RESULTS (100-YEAR)

Peak

Max WSE Max Peak Flow | Peak Flow Peak wildlife

at US36 WSE in USs36 S. Boulder Outlet Crossing
Configuration Bridge Pond Bridge Rd. Flow Flow
(ft) (ft) (cfs) (cfs) (cfs) (cfs)
Existing 5361.5 N/A 3682 5477 0 810
Scenario 1 5362.0 5360.9 4128 6134 705 899
Scenario 2 5362.0 5359.5 4124 6061 677 899
Scenario 3 5361.3 5362.3 3378 5294 734 850
Scenario 4 5361.4 5362.9 3571 5088 746 421
Scenario 5 5361.3 5361.8 3376 5431 979 850
Scenario 6 5361.3 5360.9 3378 5609 1246 850
Scenario 7 5361.6 5363.4 3852 5135 351 444
Scenario 8 5361.2 5363.0 3374 5045 348 862
Scenario 9 5361.4 5363.3 3573 5293 350 865

Key takeawaydrom the proposed calitions modelingnclude:

1 The levee need® be removed for ther8ject to meethydraulic am floodplain
desiqn criteria. Ifthelevee is not remad, then a sufficient amount of water cannot
be convegd inb the facility.

1 The preérred outlet works adiguration is a single 60hch diameter otlet pipe.
The hydralic capacity ofthe wildlife cressing des na need to be mdified.

1 The expaded detention excavation grading plan (10%tpaprovides sifficient
storage to reethydradic and floodplain dsign criteria. The refined detention
excavation grading plan (78cft) will cause smallwater surfacerisesup to 0.1 feetat
some areasThe opimum storage volume of the detem excaation is likely
sonmewhere between the expandeddjng (i.e., 105 aft) and the refined grading
(i.e., 73 asft).

We conservativgl selectech 100year waer suface elevation of E5363.8 tousefor setting
the top @ the spillwaywall and dancrest.

As the dsign progreses, we antipatecontinuing torefine the Preiinary Proposed
ConditionsModel. This model will serve abke bass for future rgyulatory floodplain

permitting activiies. We alsoplartot devel op a “l ocaldd The oposed
locd model wll be a trunatedmodel extendingrom about Hignway 93 to Baseline Road.

The local model will allow for smbdr giid sizes and prade more detailed hydraulic
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informaion at key location$o inform the selection of design featurér exampe, we will
use the locaiodd to evaluate glodties alongthe upstream face of theibway wall to
identify if erosionprotectionis requirel.

9.4  Alternate Existing Conditions Model

The Effective Model in MIKE FLOOD has historically beehallengirg for the Gty to use
asa regilatory model lecaise MIKE FLOOD is a proprietary softare that is not widely
used in indusy for reguatory floodplain models. The City is interesten the possibilityof
using the USACE HE@RAS software progra for futureFEMA floodplain updateso SBC.
HEC-RAS isa pwlic domainhydraulic modeling softare program that was been widely
adoped bymunicipalities,regulators, consultants, developeaad floodplain manaags.

RESPEC developed an Alternate ExigtConditionsModel usng HEGRAS. This model

was devedpedto facilitate comparison to the MIKE FLOOD Preliminary Corrected

Effective Mocel discussed alv@. This comparison willbe usedion f or m t he Ci t y’ s
dedsion d whether to transition the Projdugdraulic nodeling andpermitting toHEC-RAS.

The Alternate ExistingConditiors Model was developed using as much information ftben
Preliminary Correatd Effective Model as reasonably pdss for consistencyModd input
obtained from the MIKE FLOODnodel inclided Mannirg $ ngrid, digital elevation modl,
hydraulic $ructuresinformation, and inflow hydrographs and locations.

While bothMIKE FLOOD andHEC-RAS are based on hydrauliameiples of conservain
of mass and momentum, there are dédfees in comptetional algorithms, egations, and
approabesthat will result in differences in flow depths and extents between thielsndA
significant dff erence between the two modelshattthe Alternate Esting Conditiors
Model was developed usiragopographiderrain grid cell sizethatranged from 25ee by
25-feetupstream of the US36 crossing to 486t by 156feet in theupsteamportions of the
model domain while the MIKE FLOOD moel used grid cell sis that ranged from 1 to 2
meterg3.28 t06.56-feet) aoundUS36and 4 meers (13.12feet) elsewhee. A significantly
smaller cell size can be used for the MIKEJXDD malel because DHI has compusanith
processing capabilities thateamore powerful thatho utilized bymast consultants The
HEC-RAS modelwasdevebpedusingprocessg capailities that are m@e common. The
HEC-RAS model run time is appximately 9 haurs.

Based on aamparison of the Alternate Corrected Effise Model and Prelinmary Corrected
Effective Madel resuls, overall characterstics forthe 100-year flood are smilar. However,
there are significant differences in flow deptirsd extent atspecific locations The mean
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difference in water depths leten the two models 000048 feet with a staradd deviaiton of
0.56feet Differencesin water sirfaceelevation (flood depth)oetween modelare shown on
Figure 9.4 There isan aweragedifference of 1.1 feet between thedals overtopping US36
into the West Valley with MIKE FLOOD having higher watdepths.The discrepancy is lilkg
the resilt differences in cd size in this hydraulically compk area

Differences in fbw raes béweenthe models are presented in Tadl8. The largest
differerces @cur at cuverts, and alibraion of culvet hydraulics could be performed to
decrase thaliscrepang betweerthetwo models.

TABLE 9.3
PEAK FLOW RATE DIFFERENCES
MIKE
Location HEC-RAS FLOOD Difference

(cfs) (cfs) (%)

Approach Highway 93 7,125 6,643 6.8
Approaching US36 7,370 7,159 2.9
US36 Bridge 3,906 3,811 2.4
US36 Wildlife Crossing 751 856 -14.0
US36 Flow Split 2,795 2,704 3.2
US36 Overtopping 2,423 2,338 3.5
South Boulder Road 2,899 2,734 5.7

| n RESP Ed, the floodplan delinedion and resliing 100-year watewsurface elevations
developed using HERAS compee reasoally to those developedsing MIKE FLOOD, ad
HEC-RAS will be a reasondd mockl touse for future flodplain modeling of SBC.

Additional information rgarding the Alternate ©rrectel Effective Model is presented in
AppendixB.2.
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Figure 9.4: Difference in 100-year Flood Depth between Alternate Corrected Effective Model (HEC-
RAS) and Preliminary Corrected Effective Model (MIKE FLOOD)
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SECTION 10 - DAM EMBANKMENT

10.1 General

The camembankment i consist of a zoned earthfill embankment wittemal filters and
drainswith abarrier wall throgh the foundation soilsxtending ito the urderlying Pemre
Shale bedrock. The dam embankmeititextend along the mth and west pion of the
CU Boulder South campus. The dam embankment will be @pprately3,000-feetlong
and wil connect to natwal high groundwhichis Piere Shde bedrod, at the vest (left) end
and to the spillway at the east (right) end.

The dan embakmentwill consist ofa cential core (i.e., Zone 1), and upstream and
downsteam shells (i.e., 4 2). The central cefZone 1)will be 10 feet wide and wii

have sufficiently lav permebility to reduce seepage losses. The upstream and downstream
shells(Zone 2)will consktof fine-grained to coarsgrained mateals. The danwill have a

crest width 6 17 feet, which wasdected based on SEQiteria andto providce a sufficient

travd corridor for maintenance vehiclehe upstrem and downstream slopewill be at

4H:1V to reduce longerm maintenance and prae improved a&hetics. The embankment
crest will be atelevation(El.) 5371.2 This provides 2 feetof freeboard above theuted IDF
water +surfaceelevaton (WSE), which is greater thnthewave runup

Interral filter (i.e., Zone3) and drainage zones (i.e., Zofjewill be includedwithin the
embankment to sdfe manage sgagethrough the embankmefill. The seepage
maragement colleobn system wi include a 4foot-wide Zone 3 chimey filter adjacent to
the downstream edge tife Zone 1 core and horizontal fiagdrains that wilconvey
se@age from the chimey to thedownstream toe drain. Thienger drains will be 3det thick
and D feet wide ad casist of 1-foot of Zone 4 mateal surrounded by 1 foaif Zone 3
material. Thefilter and drainage zones wibnsist ofspeciallygraded sand and gravel.

The embankrart will include a toe drai system to collect and mageasepage hat is
colleded by the embankmefilter/drainage zones and to control@rndwatetevels
downstream of the dam. The toe drain ssstwill collectand convey flows using-hch
diameter kttedpolyvinyl chloride (PVC) pipes with peridic marholecleanous alongthe
alignmen. The embankment filter/drain m®t anticipatd to regularlyconvey wagr because
the detentioracility will usually beempty. However, basednopropose conditiors
groundwater modeling (s&=ction 12), the enalmkmentoedrain will like ly cadlect
groundwater along the west edge loé PProject sit¢between thembankmenand Tantra
Drive) duringseasonally lgh groundwadr peiods. In this ara,the enfbankment te drain
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pipe will be instded near or slightlabove he sasonaly-high goundwater level to
facilitate construction angrevent the rotine collecton of grounwater.

We designed thtoe drain ppe to redigibute collectedvater into thesubsurface We
anticipate thasome otthe colkected water will reinfiltrate alongthe length 6the slotted e
drain pige as it flows through locations wieethe pipe is above thaturd groundwater
table. Also, efiltration areas willbe placed at the ends of the toe drairepip reintrodice
collectad waterto the groundwater systn. Weir boxes will be provet! within vaults
periodicdly alongthe toe dain alignment for flow ronitoring.

A barrierwall will beused below the embamient dam to manage seepage thraihgh
foundationsals when the reservoir is giag water andvill consist of a3-foot-wide soil-
bentonite barrier wall below the Zone 1 core of the amkiment that will extend 3eet into
theundelying Pierre Shale bedtk.

Foundation soitonsistof fill that waspreviously placed to reclaim the Béulder South
campusafter mining operations and alluvium near the right abutme&he lkeft abutment will
connect tdPierre Shée bedrock Theexisting berm (wesberm) on the west sidd the CU
Boulder South campuwiill be removed for construction ¢ieembankment. Thisvill
involve excavating the existing earthen berm and reusmgntterial for earthfill.

10.2 Analyses
10.2.1 General

RJH performed geotechaal analyses to suppontghiminary desyn of the dam erlpankment.
These analyses included evaluation of waveunup and freeboard, material properties, slope
stability, seepge, and seismic deformation aratedescribal below.

10.2.2 Wave Runup, Spillway Routing, and Freeboard

Required freebardwas identifed using guidance from the Unitecat&tsBureau of
Reclanmation (Reclamation) Design Standards No.(R&clamation2021) in acordance

with the SECRules and Regations (SEO, 2023) and is based on wave runup. Freeboard
was evaluateddr the fllowing conditions:

1 IDF Pool (El. 870.8) plugunupand ®tup from a wind velocity exeeled10-percent
of thetime, which is 15mile-perhour(mph).

1 100-Year FloodPool (El. 863.8) plus ruanp and setup from a 10hphwind velocity.
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1 Earthfill embankment at 4 horizontalto 1 vertical (H:V) slope coered wth native
grasses.

Based on these awaks, the computed wavrunup was lesthan?2 feet of freeboard selected
by RJH

A spllway routing analysis vas performedising the weir equation to identifyefDF pool
The IDF poolwascomputedto beat El. 5369.2for a2,20Gfoot-long spillway.

For preliminay design RJHselecte a dam crd<El. 5371.2 based on the spillway routing
analysis plus2 feetof freeboad to beconservativeand account for @mges dued hydraulic
modeling. We anticipatthedesiq elevaton of thedam cresto be modied during future

designphases based on additiohgdraulic modeling.

10.2.3 Material Properties

The dam ebarkmert core(Zone 1)will be comprised of onsite fine greed borrow
material, and the embankmeihtedl (Zone 2)will consst d materialthat could rang from
fine grained to coarse @ned material sourced from onsite excavatmmisnportedas
necessary Hlter (Zone 3)and drairmaterial(Zone 4) were considered to be imported for
preliminarydesig, but possily could be processed froomite alluvium. Zones 3 and 4
are expectetb be importel from a canmercial source and were combinedbi a
homogeneousilter zone for analses. Foandaton materals beneath the embankmeméfill
(mostly clayg sard), alluvium (generallgand and gravgland Pierre Sile bedrock. The
foundaton soil was modeledisone unit and was based on agaof materialproperties that
are conmslered tobe mnservatwe for both the fill and alluvium for thigpes of anlyses
being performed. Thedorier wall wil consist of sdibentonite.

A summary ofthe mateial properies used for seepage and stapifitodeling is presented in
AppendixC.1

10.2.4 Seepage and Slope Stability Analyses

RJH performed twalimensional sepageand slope stability atgses using theomputer
prograns SEEP/W ath SLORE/W, which are pa of the GedStudio 2021 software package.
Analyses were prformed for a typical s#ion of the enbankmenstelected near the
maximum embankment s&mn and whee Vide Channel is closest the downstreartoe.
We considead thecrest ofthedeention exavation upgream of the embankment to be- 20
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feetfrom the upstream toe of tleenbankment ahata 4H:1V slope to thbottom of the
detentionexcavation.

Loading conditions and requidesafety factas are from USACE EM 1112-1902(USACE,
2003b)in accordarte with the SO Rules and RegulatioSEQ 202®). Analyses were
performed for the followig key loadingcondtions:

1 Steady stateanditions with an empty 1®voir (seepage of groundwater into an
empty detentiomxcavation).

1 Empty reservoir athe end of cangruction.

Steady state conditis from a ful resevoir (estimated 10§ear foodwater surfae
El. 5364).

1 Rapid drawdowrirom a full reservoitto the botbm of the detention excavatio

Evaluating teady state condans is conservate becauseteady stag conditions are not
anicipated todevebp during shorterm reservoir impondments. Se@ge analyses were
performed fo the following foundition conditons and downstream hydrautionditions:

1 High-permeable fouration material poperties tarepresenglluvial soil and typcal
groundwatercondtions in Viele Channel for the emypreservoir cadition and an
empty Viele Chanelfor the full regrvoir condtion.

1 Low-permeable foundatiomaterial proprties to represefill soil and typical
growndwater ondtions in Viele Chanal for the empy resvoir condition and an
empty VieleChannel for ti full reservoir condition.

1 High-permeable foundain materialproperties to represent aliaVsoil and bak-full
water condions in Viele Ghannel.

1 Low-permeable dbundation material ppeties to repeset fill soil and bankfull
water couwlitions in Vieke Channel.

For all analyzed auditions, the strengtof the foundation material was based lonver-
strengthconditions of fil, whichis conservative Bank-full condiions in VieleChanrel will
maintan the phreatic surface higher, abeé more conseativefor stability analyseshan
either the typial grourdwateror empty VieleChannel condition. Results usintaterials
properties that produced the most canséive cormitions (ie.,highest phieatic surfae) ae
presentd in Table10.1.
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TABLE 10.1
SEEPAGE MODEL RESULTS
Loading Analysis Exit Flow Rate into

Condition Conditions Gradient® Flow Rate® Toe Drain
(gpm per foot) | (gpm per foot)

Steady State - | Low-permeable

Empty foundation soils

Reservoir and bank-full 0.3 1.5x103 Not Applicable
conditions in Viele
Channel

Steady State - | Low-permeable
Full Reservoir | foundation soils
and bank-full <0.1@ 0.04 3.6x102
conditions in Viele
Channel

Note:

1. Exit gradients are generally less applicable in fine grained materials.

2. The flow rate is calculated as all flow passing through a section that extends from the top of the
embankment to the bottom of the bedrock in the model.

3. Exit gradient into the detention excavation.

4. Exit gradient 5 feet downstream of the embankment toe.

Stability analyses were perfoett based on th@ost consevative results othe sepage
andyses for eah loading condition. Stability raks arepreseted inTable102.

TABLE 10.2
SLOPE STABILITY MODEL RESULTS
Computed Safety Factor Required
Upstream Downstream Minimum
Loading Condition Slope Slope Safety Factor
Steady State - Empty 2.2 2.3 1.5
Reservoir
End of Construction 15 1.6 1.3
Steady State - Full Reservoir 2.0 2.0 1.4
Rapid Drawdown 1.1 Not Evaluated 1.1

We concludghe folowing based on the model results:

1 Accepable seepageoaditionswill exist if steay stateseepageacurred athe 100-
year floodwater suface el@ation The core, barrier wall, and tdeain effectively
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manageseepage ahgeneralf maintain thephreatic surfice below the natural grod
surface dowmstream othe dam (i.e., belw the downstream shell)

1 Seepage and stalyliconditions are i@dictedto beacceptable for both types of
founcktion soil (lowerpemeabe fill versus higheipermeable alivium).

1 Bankfull flood conditions inViele Channehbre not prdicted to adversglaffect
seepage or stdlty performance othe dam. Howevehigh wate levds in Viele
Channel could restriche ability of the be dain pipe o drain.

1 Upstream andalvnsteam slopes at 4H:1V are acceptaifor all analyed slope
stability loading onditions.

A summary ofthe seepage and sthty modeling is pesentedn Appendix C.2
10.2.5 Seismic Deformation

We estinated seisnt deformationusing the ®aisgood proedure(Swaisgamd, 2003) which
is appropiate for nonliquefiablematerial. We expa the foundation soil tbe non
liquefiable ecause the matelis geneally medium dense tdense and ranges from fine to
coare grined The pe#& ground acceleration (PA) was estimated fahe desgn seismic
event with aecurrencenterval of 5,000years (see Section 7) atitk site adjustd PGA was
0.25¢g forvery densesoil ard soft rock. Aconservative seismic hazard wasieaed wsing

an eathquake magnitude of ®. The amount of sdement expected due to the design
seismic gentis about 0.2nches. This amount of kement is urikely to result in beach of
theembanlknent and doesat control the embankment design.

10.2.6 Camber
Designof embankment camber Wbe performed as peof the60 percent Project degi.
10.2.7 Upstream Slope Protection

The reservoir wilkypically be enpty. Inour opinion, erosion of the upsim dopefrom
waveaction is not anticipatea tbe a dam safetyoncern,and riprap or ther tardened slope
protection is notnecessary. Based on previous discussitimthe SEO, a pernm&nt eromn
control blanket willbe installed along the upstrealoeand will extendfrom the upstream
toe to he embankment cresThe e@osion controblanke will be bured, and the upstram
slope will be vegetated with nativeags.
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10.2.8 Downstream Slope Protection

The alignmenof the dam embankment has gefligraeen bcaed sothat the downstream toe thfe
embankment iabaut 50feet from theap o theright bankof Viele Channel.The embankment
will need to be designeo safely withstan@ PMF inViele Chanel. RJH pedrmed a hydraulic
evaluation to idntify requirementdor downstream slope protgan. Additionalinformaton
regarding tke Viele Clannel hydaulic analysis igliscussed in Section 14.

| n RJ Honspotengal impact® the damembanknent from an etxeme flood in Viele
Channel appedo be ngligible,and a grassovered slopel®ould be adequate maintan a
stable emankment ad more rolist gosion protetion of the downstream slegs not requid.

58

o\
[t
v

1 )

(B?

SN

=
CONSULTANTS, INC. 16134_22-04-06_SBC_Draft_Preliminary_Design_Report

\

)



Draft Preliminary Design Report - South Boulder Creek Regional Detention Project
April 2022

SECTION 11 - SPILLWAY

11.1 General

The spillway will consist of an aboygroundconcrete wall supported by secant piles that will
providestructuralsupport and belowround seepge control thaextends along the US36
corridor. Thespillway will be appraimately 2175feet longand will connect to the earthfill
embankment ahewest(left) endand to the US36 embankment at the east (right) end.

The dignment of the spillvay for the 30percentdesign was selected to avoid impacts to
existing utilities within the CDA ROW and faditate construction. The location of the
utilitieswithin the CDOTROW varies along the US36 corridor; however, near the amd
of the spillway theutilities are loated near the southern edge of the COROW. The
centerline dthe spillay will neal to be @out 45 feet from the CDOT ROW at thisaion
to maintainthe existing utilities and provide reasonable room farstaction of below
groundportions of the pillway and groundwater conveyance gyst Forthe 3Gpercent
design, wanaintained aconsistat offset of 50 feet from the centedifthe gillway to the
CDOT ROW. If desired, this distance could be redunddcations where #exsting
utilities are further north of the CDOT ROW boungya

11.2 Spillway Wall

The spillvay wall will consistof a vertical, reinforced concrete w#ikatvaries in heigh
above final grade from abo6Gtfeet to1l0feet. For anajority of the spillvay alignment, the
top o wall will be set at EI5364.8 This isonefoot aboe thel00-yea watersurface
elevation. The spillway walvill be set aEl. 5371.2atthe connection to the embankment
dam to prevent overtopmi during the PMFand at EI5365.8at the conrection to US36 to
reduce the frequency of ovepjng during extreme eves

Reservoirandspillway routing for the PMF was performadng the MIKE FLOOD model
described in Section 9. During the PMewik will travel along the upgtamface of the
spillway wall prior to overtopping the wall. Flowsll overtop the wall nofuniformly. The
spillway will initially be overtopped @sestto SBC. The area between the spillway wall and
the US36 road ebbmankment is a hydraulic congion andwill quickly fill with water once

the spillway wall beginso ovetop. Tailwater wi eventuallysutmergethe spillway wall
during the PMF.
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RJHpeformed gestructural analyses to identify the required thickneshefwall. This
evaluation waperformedfor the canbined spillway wall and secant pile foundatgystem
RJH performed te-dimensionabndysesusing the DeepEX software program deyed by
DeepExcavation, LLC. Both 10§ear and PMF hydraulic loadgere evaluated. The model
consdered hydostaic water conditions on each side of the wall (isegpagdeneath the
secanpile wall wasnot evduated). Based on the results of tliedel, a :foot-thick wall

with appropriate steel reinforcemenitl generally be adequate for thglsvay. Additional
structural elements will likely be requiredtae bas of the wall neathe connectiorto the
secant piles and pile cap; these stitattdetailswill be developed in future stages of design.
Additionalinformation regarding the spilay wall evaluationis presented in a technical
memorandum in Appelix D.1.

Various architetural treatmatscould be considered to the spillway wall fonproved
aesthetics in future stages of design. Some options iechathcrete staining or stampjng
architecuraltrellises to facilitate plant growth, curvilineargiiment etc.

11.3 Spillway Foundation
11.3.1 Deep Foundation

Foundation conditions ahg the spillway consist of coarsgrained alluvium overlying Pierre
Shale bedrock. Bedrock is expedto be albut21feet below the ground surface near the
west (ldt) end ofthe spillway ad 8 feet below tle goundsurface near the east (right) erfd o
thespillway. Foundation soils along the spillway contain cobblesk@mdders, whictwill
precludeinstallationof driven seepage control (e.g., sheet piles).

RJH nitially considered multile akernatives ér afull cutoff for the deep foundation ihuling
structurd foundations (secant pile wall and diaphragm wall) amastructural seepage barriers
(sheet pilewall, soil-bentonite slurry wall, vibrating beam wadloilmixing, chemical/pemeaton
grouting jet grouting, and an earthen core trenclhhesecant p# wall was identified by RJH as
the most desirable optidrased on technical and econoroonsiderabns.

The spillway foundation will consist of a sat pile vall that will exendthrough the
alluvium and into bedrock. The purposedioé ®cant pilefoundation are to provide
structural support for the spilay wall and to provide a seage barrieto redrict flows
through the coarsgrained alluviunduring tmes of flood degntion. A secanpile wdl was
selected because it can bstalled in chalbnging subsurface conditions (i.e., cobbles and
boulders)and provides more structuralgport compeedto other types of cutoff walls (i.e.,

RiH
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sheet pileslurry wdl, etc.). Thesecanpile wall will be constructed by drilling shafts and
backfilling the $afts with reinforced concrete.

A reinforced concreteile cap will be constructed #te top of hese@nt pile wall to transfer
loads from the struatal wallto the secant f@ wal and to povide alevel surface for
installing forms ér the structurawall.

RJH performed geostructural analyses to idgmsiifing, spacing, and embedmeéepth into
bedrock for the secant pile foundation using the pie¥ modeldescribed in th@revious section

Basedon this analysis, we concluded thia¢ secant pile should extend about 8 feet below
the top of the bedrockSecant pile embedment shobklmeasurettom the top of
competent bedrock that is generatipderatelyweathered to &sh ad moderatsi fractued
to unfractured. A secant piléagheer of 4 fed with centefto-center spacing of 7 feet will
generallyprovide sufficient structuralupport for hespllway wall.

Additional information regardinthe spillway foundation ealuaton is presptedin a
technical memorandum in Appendix1.

11.3.2 Shallow Foundation

An alternative to the secant pile foundat(i.e., deep foundationyill be to consucta
reinforced concrete spread footing (i.ealgtw fourdation). The sadfooting will be
desgned to provide sufficient structirsyport for hespillway wall; however, a seepage
barrier to bedrockvill not be included. A shalNefoundationwill be beneficial because it
will allow groundwagr to flowthrough thealluvium beneath thepillway during normal
(nonflood) conditions. However, ashallow foundatiorwill also allow high seepage rates
through the spillway foundatioruding flood loals,which will needto besafelymanaged.

RJH performed pianinary analyses to evaluate tfeasiblity of using a shallow foundation
to support the sidlway wall. We identified a) backward erosion pipingldr) uplift of the
spillway apon as beinghetwo most credible sepageelatedpotentia failure modegPFM)
for a spillway founded on shallowfoundation. We erformed préminary stdoility analyses
to develop appropriate foundation geometries anad pleeformed simplifiedeepage
modeling toidentify exit gradients, uplift presses on he spillway apropand flav rates that
will needto be cdlected by a dranage system.Using resilts from the seepage modeling, we
performed a simplified potentiahifure modes analysis tevelg event tres and esimate

the probability of failue forthesetwo potental failure modes.
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In our opinian, a shilow foundation isechnicaly feasible and will likely be significantly
less expensive, but inherenidyslightly higher rig than a é@ep foundation with fullseepage
cutoff. If the City elects to mawforward with the shallow foundi@n, additional aalyses
are needd tocorfirm that the incease in risk falls below tolerable risk levels identifigy
the City and SEO

11.4 Spillway Apron

The spillway willdischarge to theraa ketween the spillwawall and the US36 roadway
embanknent. This area caists ofboth CSGMP popeaty ard the CDOTROW and includes a
regional multiuse trail. An energyisisipation facility § neededa reducethe likelihood of
scourand erosion whethe gillway is operating Theenergy dissipation facijtwill consist
of areinforced cormretespilway apron immedately downstream of the spillway wall.

RJH performed ydraulic analyses tsize the pillway apron. The spillway hydaulics are
morecomplicated than a typicaVeir with anapronbecause:

1 The existing ground gemally slgpes @wnward, and the teight of the spillway wall
generally increases from eastwtest. Flows will trael paralél to the spillway wall
prior to ovetopping the wall.Flowswill overtopthe wal non-uniformly. The
spillway wall will initially be overtppedclosest taSBC.

1 Thearea between the spillway wall and the US36 road embankia a hydraulic
constrictionand wil quickly fill with water one the spillway wdlbegins to overtop.
Thiswill create significant tdwater on the spillwaypron.

RJH peformed areview d tedhnical papers related to drgpillway energy dissipain. The
unigue hydralic condtions atthe spllway do not facilitae the direct usef standard
engineeing reference documents to sizeetenergy dissipationdaities. Mostreference
were avdoped for shorter drop spillways, and design recommenugtilid not account
appropriatéy for energy dssipation from highdilwater values.

We identified a techinal report by the Reclamationg€hnical Report (TR) REERG-74-9
Hydraulic ModelStudiesof Plunge Basins for Jet FIo@@R 749) (Reclamation, 1974jhat
evaluated thanfluenceof tailwater onenergy dissipation ém jet flow. Thisreport focused
on jet flow from a gate valve rathénan an overflow weirThe nappdrom anoverflow weir
will perform differently than jet flow from a gate valve wigubjected to signdant
tailwater. However we did not identify ay other studiethat evaluated thafluerce of
significant tailwatedepths on energy dissifion of ajet. We seleted to sethis approach
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for preliminary design of the spillway apr@and have endeavoractonserative application
of this approach.

Based on this aluation, we conserviaely selected apron lengths thatry along the
lengthsof the spliway. The apon lengh is 12 feet at the east end of the spillway and
increassto 18 feet at the wesihd of tle spillway.

It is possible that a ore detailed esluation could resulih a cecrease to the size of the
concrete apron. Thigill likely requre develging a canputation fluid dynamianodel or
performing a physidanodel study. Eitheof thesecould ke perfamed in the final design if
the City desres to evaluate deeasimg the size of the aprorHHowever, thébenefitcost of tle
construction costsavingsor the morerigorousengineeing analysis should be evaluated

Additional infamation regeding the spillvay evaluation igresentedn a techical
memorandum in Apgndx D.2.

11.5 Abutment Connection to US36

The spillway agnment a the ridht abutmentill bend and extend perpendicular to US36.
This section bthe spillway willbe set at E 5365.8 (1-foat higher than the ajority of the
spillway) to redwce the fregency of overtoppinguring extreneevents The spillwaywill
terminate inthe US36 radvay embankment. The spillwayall and secant piloundation
will extend tothe point where tltop of the spillway wall is bels the existig US36
embanknent. A vetical soikbentonite dlled shaft will be constructed #te edgeof the
spllway wall and secant pile foundation teduce the likelihoodf a seepage path forming
alorg the conneatin.

The multiuse trail will exend over theright abutmenof the splilway. An earthfill mmp will
be placed along both sidekthe sjllway wall at thislocation to accommodate the rtitlise
trail. Additional information regardinthe multi-use trdiis presented in Section 15.

Theright abutmenof the spillvay will be higher in elevationhian the spillway control
section, ad therefae the sglway abutment is not predicted to be extopped during the
design flood event (10@earevert). Howeverthe spillway abutment and US36 dveay are
predcted to be oertopped diing the PMF event.t is important that the stability dfie
spillway abument is mantained during extreme floodrents to protect agashan
uncontrolled releasef the detained dodwaters and to meet SEO requissis.
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SECTION 12 - GROUNDWATER CONVEYANCE SYSTEM

12.1 General

The tarrier walls b&ow the enbbarkment dam and arourttie detention excavation and the
secam pile wall bebw the spilway are anticipated to impact the natural flow obgndwater
at the site. @undvater coneyance systemsvill be included to migate he impacts from
thes projectfadlities and generayl maintain groundwater levels and flgattens that ae
similarto the existing (i.e., preonstruction) conditionsGroundwater conveyancgsens
will be installed at two locations: along thepillway andalong the to®f the emlankment
dam at the wedide of the site. The systems will hesgned to oprate passidly (i.e., via
gravity) without the need for routroperator intevenion or pumpirg.

12.2 Spillway Groundwater Conveyance System

Thepurpose othe spillnay groundwateconveyage system is to convey groundwater past
thespillway dignment ad mitigate impats from the secant pile foundatiomhe system is
designed tgrovide higher hyraulic capacity thanre current hydraulic @acity of the

aquifer so hat the groundater le\els upstream and downstream of thelwiy will

natually balarte and the grondwater systerwill generally contiue to function consistent
with historic cowlitions.

The spillwaygroundwater conveyansygem will indude the dllowing key conponents

1 Collection trench on the upstream ({#o side of tte spillway. The purpose fathis
trench is to collect groundwextupstream of the secapite wall and preen the
groundwater legl upstream of the spivay from risinghigher than its historimatural
level. The collection trench will Hecaied 11 feetipstream bthe spillwayand will
consist of a 400t wide and4-foot-deep trench with &40-inch slotted FC pipe
surrounded byilter material. The fiter material wi be filter compatible vth the
surrounding alluvium and also with thgeslot widths. The hydraulic conduatity
of the collection trench is about 91 times gredtanttle alluvium. The rench will
extend from about 2 feet above tée2t béow the seasonallipw groundwéer level.
Theinvert of the pipe vas set to bat atout 10 inches belowhe seasonallyolw
groundwater legls so that the historic seasonally low grdwater levels carnbe
maintained. The top of the trench will coide wih the surfacedf he spi | | way’
temporary woking platform, whichwill be about2 feet alove the seasonigllow
groundwaer level.
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9 Distribution trench on the downstream (north) sadi¢he gillway. Thepurpose of this
trench is to redistributeolleced groundwater domstream of th sscant pile vall ard
prevent the goundwater lgel downsteam of the spivay from declning below its
historic natural level. The distribution trenehll be located 1 feet downstream of the
spillway and will be onfigured similarly as decribed abovéor the colletion trench.

1 Connecto pipes to caveywater from the colletion trench tahe distributiontench.
These pipes will be solid 1idch PVCpipes tlat are 22fed long and connect the
collection trench gae to he distribution tench pipe. Teconnector ges wil
penetrate ttough the seant ple wall, and a lowpermeable seal N be used to
redwe seepage through these wall penetratidmsestimated eigh connector pipes
will be spaced at approxim#ge260 feet along the digbution andcallection trench
alignments The colletion ppes,distribution pipesand connector pes will have a
hydraulic capacity that is orders of magnitumigher ttan the collectionand
distribution trenchesand theefore the proposed configurationafnnecor pipesis
appropiatefor conveying flowsthrough the spillway wall and maintainingrslar
groundwater levels on botirdes of he wall.

1 Trench Backfill Plugs. Both the upstream catiigon trench andhie dowrstream
distribution trench will inclde intemittentsegmentsvherea solid 10-inch PVC ppe
is installed instead @ slotted pipeand the trench is filled with loypermeals
backfill (plugs) instead of fikr material. These pfjsare anticipate to beabout 20
feet long and spaced about ev2ég feet alonghe collection anddistribution
trenches. The purpose of the backfiligs is to promote groundwater flagross th
spillway alignment (i.e.throuch the connector pipes)stead of flowirg alongthe
length of the collection or distribwain trenches.

1 Manloleswill be instaled about eery 260 feet along the collection tdmand
distribution trench at thetation d eachconnector pipe These manholes will
provide access tthe cdlection trench pipes and distribution trench pipes for
ingpedion and maintenance of theystam.

1 Gates Regulatinggateswill be installedin the maholesin the coledion trenchat
the upstream end of tle®nnedtor pipeandatthe dischargeend of thecollection
trench pigs Similarto the backil plugs,the purpose of segatess to promote
grourdwater fow through the onnector pipginstead of along the collection ti@n
pipe. Thesgateswill allow various segments of the gralwater conveyance system
to be adjsted individially to acommodate ptential local vaations in aluvial
propertiesor othe characteristicsf the hydrogologic system.

1 Monitoring well. Additional monitoring wells wilbe installed upstream and
downsteam of the spillway alignment tecord pre and pos-Prgect groundvater
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levels. Thegateswill be adjustedsotheconveyance syst@ generally mincs the
existing groundwaterystem We anticipate that some irgtigateadjustments will be
required to calibrate system pamihance immeiately after construction.Locations

of additionalmonitoring wells vill be identified in fuure phasgof design

12.3 Dam Embankment Groundwater Conveyance System

The dam mbankment groundwater conveyanggstem will be the toe drain ftine
embankmat dam Thetoe drain will mitigagé any rises in thgroundwater elevains hatwill
be cause by the barriewall belov the embankmentain. The toe draimwill be installed rear
or slightly above the seasdlyahigh groundwater table. Gradwater levks thd rise above this
historic lewel will be colleded by the toe drai andthis water will ke redistributedlownstream
of the embankmerdam when it flowsalong segrants of hetoe drain pipe that are abotres
natural groundwater table. dditional ifformaton aout the performance ohis system is
presented in the follving ction and in Seiin 10.1.

12.4 Groundwater Conveyance System Discharges

Grourdwater ad seepagedtiectedin the davnstrean embankmentoe drans will be distibuted
into the goundwaer in a similar mnner ashe sgllway groundwater conveyansysem.

We anticipa¢ that a Subteanean waterig Permi (General Brmit Number COG603000)
will berequired fran the Colorado Department of Public Health and Enviroent if the
embanknent be drain pipe wat collectgroundwater and discharge the wabrto the
ground suface or a sugce wate body. Requiements of tis permit include monitoring of
daily flow rates aml waker chemistry testing to demonstrate thag tollected groundater
does not exceedahwater quiity standard for the receivingidace water body.

Because of thespermitting requrementsin our opnion, it is not desirable to dibarge
colleded goundwater onto the ground surface. Instead,designed the toe din gpe to
redistribue collectedgroundwater within the subsurfac We anticipate thagsome of the
calectedgroundvater wil re-infiltr ate along the length of the dled toe drai pipeas t
flows through locations where the pigeabove the naturgrourdwater table. Exitration
areaswill also be provided downsgamof the embankmentvhere collectd watercan be
reintroduced to thggroundwater system. Weir boxedl be providedwithin vaults
periodically along the toe draalignment for flow maitoring. To provideredundancy
flows cdlected by the toe draipipe that do not rnfiltrate within the dran sydem will be
discharged intdviele Channelhoweverin our opinon, surface water discharges will be
highly unlikely.
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12.5 Groundwater Modeling
12.5.1 Baseline Groundwater Modeling

RJH developed a Basa¢ Model to supporthedesign of the groundwater cagyance
system. The objective othebaseline grondwater modéng was b develop a model that (a)
reasonably appximated the existing gumdwater onditions neathe ste, (b)couldbe used
to assessnpeacts to the natural groundwater conditions fromgmsed Projeatomponents,
and (9 coud be usedd supporthedesgn offacilities to mitigate those impacts.

RJHdeveloped a conceptualoaiel of the hgrogeologt systen basedn subsuiace
information oliained during our Phaseseotechnical Investigan (RJH, 2019) andised
MODFLOW-USGto developa numerical Basdine Modé of the existing hydrogeologic
system ear the Project Site. €mnumerical modevas calbratedto Siteconditiors
measuredn 2018/2019 and thenweightedscaled RMS error of théesady state and
transient modecomponents wer&.2 and 1.1 percet respetively, which arewell below the
accepable value of about 5 psent (MDBC, 2001). We catudedtha the Baselindvlodel
provideda reasonable approximation of the existing grournemsystem inte Poject
vicinity andwas suitéle for ewaluatingimpactsof Proje¢ components and supportitige
design of mitigationdatures.

Additional informationaboutthe Baseline Mdel is pesengd in the Baseline Groundwater
Model Report (RJH, @1).

12.5.2 Preliminary Design Modeling
12.5.2.1 General

Groundvater maleling peformed to support preliminamyesign is described ihé following
sections and additnal information isprovided h AppendixE.

RJH modified the Baseline Model (RJH, 202lightly prior tobeginning prelninary design
moceling. Wedeaeasedhe hydrauk conductivity of bedrock t@x107 cm/s throughouthe
model based on packer teptsformed during ouPhasdl geoechnical investigation (RJH,
2022b). This value isbmut 2 to 3 ordersfanagnitude lowethan thenydradic condudivity
usedin the Basline Model for weatherednd unweathered bedrockspectively, and in our
opinion, is re@onable basedhositedaiaand our experience with the Pierre Shale.
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RJH then ued the modified Basele Model (i.e.PreProject Modd) to simuate the
following serarios and suppothe preliminary design:

1 No Conveyance System ScenariwVe simulatd poposed facilies toevaliate
groundwater effects if a groundwater conveyanaesyis not installed.We used
horizongal flow barriers(HFBS) to simulae the eféds of the barrier wallalong the
embankment andround the detention excavatiand he secant pile widalong the
spillway. We increased the hydraulic conductivity el within the detentn
excavation aa b simulate renovalof soil from this pation of the site. We ais
added a drain boundacgndition within the detention excai@t area to simuaite
how wate that accumulates in this area can flow out throughutiventrolled outlet
works conduit. Tk NoConveyance ystemscerario goundwatetevels were
predicted tdoe up to about 9 feet Higr than Prd°roject levels upstreant the
spillway ard up toabou 9 feet lower than P+Broject levels downstream of the
spillway. No Conveyare System sceniargroundwater leelswerealso pedicted 0
be about 3 feet highehdn PreProject levels denstream of the embankment dam
near tle west side of tt CU Baulder South campus. These predicted groundwater
effects areot acceptable, and timeodel results @morstrate thateme type d
groundwater coveyance system is requitéo maintain prdrojectgroundwater
conditions at the Site.

1 Proposed Conditios Scendo. We added proposed conveyance facilities into the
modelto mitigate the groundster effects deibed above. Weseda drin
boundary comlition along the west sidgf the model to simulatéhe effects of the
embankment toe dirapipe. We usediighly permeable cells to simulate the effects
of a collection treah, distribution trenchand connectopipes along the @illway.

We iteratively aljusted the configuratioof the proposed facilitis until the
conveyance facilities apppriately mitigaked thegrourdwater effects. The final
Proposed Condition Scenariewkloped during the prelimary design modang
consisted osegmentedollector and distribution trenchesEach segment was
modeledas 300 feet long and 3800t gaps ohatural alluviumwere smulated
between each segment. One connector pipe was satitaconnect each segment
of thecollecta trench to eachegnment ofthe distribution trench. Segmented
collector and distributiotrenches were required to preventeso/e flows bwads
thenorthwest alog continuous collector and distribution treesh The simulated
Proposed Conditns coniguration is showron Figure12.1.
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12.5.2.2 Proposed Conditions Scenario - Head Results

Although the groundwater model was depet using mothly stres perods torepresent a
complete hydrogeologic season, foelpminary design RJH only evaluatbead onditions
during e typcal nor-irrigation month when groundwates generally low (Noveimer) and
one typical irrigation montlwhen groundwadr in irrigatedareass generally high (June).

The simulated changés the groundwater levels betwettie Pre-Project andPropogd
Conditions scenansfor November and Juneeashown on Figures 12&ghd 12.3,
respectively. Blue shadedeas on Figures22 andl12.3represenareas of simulated
groundwater mounding (e,droposed Conditions groundwater levats predictedd be
higher tharPreProject levels) and red shadeareas represent areassohulated
groundwater decline (PropesgConditions grandvate levels are predited to be lower than
PreProject levels).Darker colors represent greater mounddingecline. Aras hat are
within +/-0.10 foot of PrePrgect groundwater levels@not shaded to improve clarity. The
numericd magnitudes omounding or decline are sb shown by callouts at selected
locationson the plan figures.

The head rasts onFigures 122 ard 12.3show the bllowing, which in our ojnion
demonstrates thargundwater conveyance facilities will adequatelaintain PreProject
groundwater levelafter construction of Project facilities:

1 Along the west side of the sitilwe prelicted groundwakr impats are tpically
limited to lesshan +£ 1 foot and genely occur along the embankment dam
alignment orCU property.

1 Upsteam and downstream of the spillway, groundwater levels areajignmedicted
to change by les®ian +£0.25 feet hroughout the OSMP Noth and Soth fields

1 Adjacent to the spillway alignent and north of the detention excavatioe, th
groundwaterével is predicted to change more tharOt25 feet ands predicteda
decline up to about 1 .6 feetin localized areg howeverthese chages are
acceptable in auwopinion because theypically occur within the CDOT ROW and
developedreas where digesin groundwater level are not anticipated to cause
adverse effects

12.5.2.3 Proposed Conditions Scenario - Flow Results
We evduated themount of groundwaterdhv that is prdicted to @cur beneath US36 for

the Proposed Conditior&enario. Simulaked flows were extracted from the modelngsihe
same teleniques ase@scribed in th&aselineGroundwater ModeReport (RJH2021). The

RiH
(‘»S?-“ «AA\«:-.\,

CONSULTANTS, INC. 16134_22-04-06_SBC_Draft_Preliminary_Design_Report



Draft Preliminary Design Report - South Boulder Creek Regional Detention Project
April 2022

prediced Proposed Calitions flow beneath 836simulated minor redistribution and
decrease of flows ngingfrom 0.2 © 14percent; however, the total flows teath US36
werewithin about2 percent oflie PrePrgect flow rates ér every mont of the nodel
simulation, which inour opinion is neglidple and within tolerable limits.

The highest flow rate mated through anyof the proposed connector pipes was alddut
gallonsperminute(gpm). A 22foot-long 1Ginch PVC pipecanconvey 14 gm under
negligible head (much legkan 01 foot), and therfere the connectagpipes are anticipated to
have adequateapaity for conveying flows across thapillway alignment.

12.5.3 Groundwater Modeling - Conclusions

We cortlude the dllowing from the esults d groundwater modeling:

1 TheBaseine Model provides reasonablapproximation of the existing groundwater
systemin the Prgectvicinity andis suitable for evaluating impacts of Projec
componets ard supporting degn of mitigationfeatures.

1 Project canponents are anticipated t’eat unacceptable chges to exisng
groundwater conditions if mitigation feats are rot installed.

1 The Proposed Coittbns Scenario illustrated on Figut2.1 geneally maintains Pre
Project groundwaterlevels ands an aceptable design solutionGroundvater level
impactsare predminantly limited to areas on CU Boulder Sousmgus, CDOT
ROW, and developed areas imdigtely adjacent to Project facilise The mdeled
scenario is udal for sugportingthe preliminary desig of groundwater mitigatin
systems

1 Collection ad distribuion trenches along the spillway will contgeiiodic backfill
plugs andyates andmultiple connector pipes that will facsite opeationalflexibility
for regulatng the distrbution offlow through the systemnd restict groundwater
from flowing alang the lengths of the trenches.

1 Componentof the groundwateconveyanceystem hae ample hydraulic capai.
A 10-inch pipe wasdected to acommodate access for lostgrm inspection ash
maintenance.

1 The preliminary design of thgroundwater conveyance system is reliabid suitable
for 30 pecentdesign. Cofigurationsof Projectcomponents will be refied ashe
desgn progresss. Also, in fuure stages of design we will uge groundwater
modelto confirm that the design sdion performs acceptably under a range of
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opemting conditons, including varability in aquifer pioperties, precipitationand
evaporatiorrates, at.
1 Additional monitaing wells will need to be installetearpropcsed &cilities to

collect existing (i.e.pre-construction) groundwater data and allimwmonitoring the
effectiveness of convegnce facilties.
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SECTION 13 - OUTLET WORKS

13.1 General

Theoutle works wil extend from the detention excavatiorutod US36 to Viele Channel
north of US36. Theutlet works will allow the lower portion of theservoir pol to dran to
meet SEO damalety requremens and water righteequirements.The inletwill be set aEl.
53430, which is the bottom of the detigon excavation. The outlet will be set at EI380.0,

which is the invert elevation of Viele Gmael noth of US36 Tunnding will be required for
the potion of the otlet works conduibelowUS36.

RJH performedhydraulic malelingto identfy a preferredsize and configuration for the
outiet works (see Section 9). Based on the resultseofnibdeing, the odlet works will
consist ofasingle 6Ginch diameter pipe with intike and outlet structuge This configuration
will resut in a peak disharge of350cfs through the outletorks during the 10§9ear flood
event. The portioof the reservoirthat dees not freby drain © SBCwill drain tirough the
outlet worls in approximately10 hours whichmeetsboth SEO and water rightsiteria.

13.2 Intake Structure

The intake structre will consist of a 14-oot-high, reinforced cotrete rise strucure. The
intake $ructure wil be locaednearthe upstream toe ofi¢ detention excavation in the
northead corner of hedetention excavation Thefront, sidesand top of the sticture will
include openings coved by trashracksThe intake structureill have interor dimensions
of 7-feetby 105-feet, which were selected to prde sufficient accgs for maitenarce and
to provide sufficient opearea to meeSEO and MHFD tragiack velocity regirements,
which limit velocities b 5 fps (56percent cloggedand 2 fpsrespectively. The trasiracks
along the front and sides of thiewsture will be vetical. The trashrack along the top of the
structure will be oping. This mayprovide redundancfor trashrack logging since it$
possible that the diffend trashraclshapeswill have diffeent dogging mechanisms.
Theoretically the trashack coutl be abouB0 percent clogged beforewtill become a
hydraulc restriction andmpact drairtime of the reservoi

The intake sucturewill generally beexposed beasseit will be locatedat the upstream toe.
This may increasthe likelihood of vattalism andsafay risks from pedestrians climyy the
structue. Another optio will be to enbed the intake stature in the detdion excavation
slope andeplace the ertical trashecks witha sloping trashrack. Thiswill significantly
reduce the vibility and exmsure of the structure.
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13.3 Conduit

The outletworks conduit wl consist of a730-foot long 60inch diameter pipe.
Approximately 480 feet of pe will beinstalled in an open egavation and encased in
reinforced conateand tunneling wllbe requred to install approximatelg50linear feet of
pipe below US36.

Lithos performed &unnel feasibiliy evaluation. Aunnel feasibility technical morandum
wasdevebpedandis presentedn Apperdix F. In general, Lithos did rtadentify anyfatal
flaws hatwill preclude construction of a tnel. Lithos ewluated the fesbility, advanages
anddisadvantages a&everal tunneling methods includingg@iramming, mimtunnelboring
machine (MTBM), and shielded tunneling:

1 PipeRamming Thistechnqueinvolves ramming a steel casing acrdss alignment
prior to excavatig material from withn the @sing. This methebhas the lowest risk
of overexcavatin and settlemedrthan gher feadtle methals and is typically favored
by other stakeholdersThis meahod is also better able to extend tighwwobbles and
boulders thanther methods, and thiesk for abandonment ioiver. The practical
maximum length fothis technige is abait 300 t0320 feet. This method may cause
vibrationconcernsand $ecific vibration monitoring and instrumentatianll be
required to manage orrpvent claims.

1 MTBM: This technique uses a pressutlizetating cuiihg heal to excawate the
ground. Ground support is providdy a jacked pipe awith erected supporiand
with a pressurizi bentoniteslurry at the exavation face to countearthpressures.
MTMB has the ability to displace or break dgdarger boulérs athe cuttirg head;
howeve, nested boulders and cobblean be challenginglf the MTMB fails to ait
through bouldersr cobbles, aascue shaft aewatered tunnel mayelrequied to
salvage thenachine. This technique is often sfgrantly moreexpensie and
schedule intensive and requires a much larggaging area thanlwr £chniques.

1 ShieldedTunneling This tetinique involvesxcavatiorwith handtools and/or a
hydraulc excavator armtahe head of theunnel Grourd supprt is providedoy a
jackedpipe Full alignment dewatering may be diffitiito achievewith this
technique, whichwill limit the ability to have a stablexcavatioriace for this
method. Een closely spacedell-points and deep wells within bedtomayonly
prove maginally effective at lowering thegroundwater table sufficrtly to have a
stable excavation face.

Lithosidentified that tle pipe rammingechnique s the preferred tunnelingethod with the
least overall project risk. Pipe rammimgll be used to inatl a $-inch diameter steécasirg
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pipe beneath US36. Tiseze of the csingpipe was selected to fat¢dte advancement gia
potentiallylarge boul@rsandto provideflexibility for installing the carrier pipe at the
desred gade. The tunel alignmentwill be oriened perpendiculara US36, whichs
typically preferred by CDOT, and will be about 258etlong, which is an apppriate
distance for pipe ramming. B0-inch steelcarier pipewill be installed within theasing
pipe and the annulusetween he carrierpipe am casing gpewill be grauted. The pdion
of conduit upstream of US36 will cassof aconcrete encasl 60Ginch steelpipe that is
installed with an open exvation rather than a tunnel to acconaate the pipe rammg
lengthlimitations A 30-degree bend Wibe required in tle conduit bateenthe portion of
the conduit installechithe ogn excavationrad the portion that isihneled.

Thetunnel will requre an approximately 2fbot by 4Gfoot launch shaft and 20-foot by
20-footreceiving $aft. The tmnel will be installed from upsteam d downstream to reduce
the constructino impacs north of US3@size of work area, dation that wok is being
performed, number of traffic/deliveries, etc.Yhe launch shaftill be constucted in the
CDOT ROW. Theeceivng shaft willbe construa@d onOSMP property to the north of
DCD2. The rece&ving shaft wil also be used to prade a supportedxcavation for
corstruction of the outlet structure.

13.4 Outlet Structure and Discharge Channel

The outet structurewill consist of a rmforced concete,baffled outlet structure at the doviream
erd of the condui The outlet strucire was sized usg the ReclamatiokBngineering Monograph
No. 25 Hydraulidesign of StillingBasins ad Erergy Dissipator§Reclamation1984. The
required basin widt fora 6Ginch diameter pipés 17 feet. These dimensiong@basedn the
proportiona relationships from model studies pamihed byReclanation.

Riprap will beinstalled inViele Channel in ta vicinity of the out stucture for erosion
protection. The hydraulic modehg described in Seicin 9 was performe assunmg Viele
Channel dwnstream of US360onsists okignificantshrib and tre growth Some ofthis
vegetatiorwill needto beremoved to instalihe outlet gructure and riprg. As theProject
advarces we will evaluate whether adiitbnal vegetatioremoval andmaintenancén Viele
Channel beteen US36 and South Boulder Rloaill provide hydraulidoenefitsto theProjed.
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SECTION 14 - SITE DRAINAGE

14.1 General

TheProject faciities will impactViele Channel, @D2, US36 wildlife cossing, andite
drainageunderUS36. Adisaussion of impacts tot&® dranage and potential solutions is
presented below.

14.2 Viele Channel

Viele Chamel extend through theorthwes portion of the CU BouldeSouth campus. The
alignment of the embankent dam hageneraly been located schiat he downstream toe of
the embakment is about 50 feerom the top of the right bank of Me2Channel. Rd
performel a hydrologt and hydaulic evaluation to identy the impacts of flooding iViele
Channel orthe dam embankmat.

The Viele Chanel waershed at the Projestte s agproximately 1.2 square miles. The
watershed extends southwe$the Projecsite though multipleresidental neghborhoods
and into ®anahan Hill. Viele Lake is located in approatelythe centeof the watershed.
Viele Lake is formed by bbw-hazard jurisdictional dam. Viele Lake Dam consists of an
approximagly 24-foot-high embankrant dam with a approxmately 90-foot-wide excavatd
earthen spillway through the right abutment.

RJHperformedhydrologic analyse toidentify peak flow rats in Viele Channel at the
Project site during the PMF. The hydrologialyses were pormedin accordance ith the
SE O ’'Hgdrologic Basin Respwse Parameter Estimation GuidelingEO, 2008and he
SEO Ruésand Regulation¢SEO,202(). Viele Lake andpillway do not have sufficient
hydraulic capacity to rout the PMF,cthe danwill breach dringthePMF. A breach of
VieleLake was inclded in the hydrologic analysis. Based on thdyaimpeaformed by
RJH, the controllig PMFevent in Viele Channelt the Poject site is the -hour Local
storm. The peak flow rate fdinis event is @33 cfs

Additional information reggarding the Viele ®@annel hydrologic evaluation is presented in a
technical memorandumn AppendixG.1

RJH performed hydraulic angses 6 the PMF in Viele Channel at the Project site. The
embankment Wl need to be dsignedo safelywithstanda PMF n Viele Channel. Te
segment of Viele Channel adjacent to the darmbakmert varies ad corsists of a
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comhnaton of the following: @en clannds, a detention pond, and culveutsderroadway
crossings.The channel andulverts arenot sizel for anextrane flood evehlike the PMF
and will overtop. A portion of the etoppingflows will discharge onto the@vndream
slope of thedamembankment

The flow regime beyond the main channel of Viele Chamiletonsist ofshallov ovetand
flow. RJH deeloped atwo-dimensional hydraulic model using HERAS 5.0.7. An infbw
hydrogieph was usdfor the boundary @ndition at the upsti@m em of the nodel and consisted
of the Viele Channel PMF hydrograph deyed by RIJH withta pealflow rate of 6030 cfs.

Baseal onthe reslis of the HECRAS model, velocities along a majoridfthe davnstream
slope d the embankmdrwill be less than.B feet per seand during the PMF. These
velocitieswill not be expectedtcause erosioof grasscovered eattfill materials. There is
an approximately 13@ot-long segment of the downetim slopewhere thevelocitieswill

be ketween about 2 to #ps. The flow depths in this aredll be less than 2 feefThese
velocitieswill likely notcause ersion of gasscoveaed earthifl materials if the grass cover
was modereely dense If grass cove is not densethen minor erosiowill be expected We
do not anticipate that minor erosion in this amgid be a dam safetysk.

InRJ H’ s iom goietial impacts to he dam embdament from an extreme flood in Viele
Chamel appeato be nefigible, and a grassoveed slope shouldébadguate to mintain a
stable embankment and more robust erosion protecfithe downstramslope isnot requred.

Additionalinformaion regardig the Viele Channel hydraulic evaluatispreserdd in a
technicd memorandum ippendixG.2

14.3 Dry Creek Ditch No. 2

DCD2is owned and maintainedq ithe DCD2 Compay. Flows n the dith are dverted
from SBC aproximately 1.8 miles upstream oftiProject site DCD2 conssts of aneathen
ditch from thepoint of diversion hrough OSMP prperty to the Project site. Multiple
turnout structures aredated along tkisegment othe ditd that failitate flood irrigation of
OSMP property south of LBS.

DCD2 extendsinderUS36througha 6-foot by 4-foot reinfaced concrete tox culvert. he
culvertdischargesnto a 6foot-wide by 3foot-high rectangular conetelined cranné
downstream 6US36. The conate linel channel transitions to a 5:-85ot-wide by2-foot-
high concretdined channel pproximately 85 &et dwnstreamof the culvert ad discharges
into an approximately-foot-wide earthen ditch 375 feet dowresim of he culvet outlet.
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The caacity of the ditch aries significantly by locatimand ranges from 20 to 375 cfs.
Based o informaion from the Gty of Boulder Water Resources Dapment, he decreed
water right in DCD2 at the headgate iscid

The illway alignment intersect®SCD2 approximately 75 feet upsam of US36. The
Prgect will need tdobe desigedto facilitate caonveyarce of thedecreed flowrate in tle ditch
and maintain the ability to flood irrigate OSMP pedy. The porton of DCD2 pstreanof
US36 is currentlyand will continue to be, inuatied during large flabevents in SBC.
However,the deph andduraion of inundaton will be higher than gristing conditions.

For the 36percent design, modificatndo DCD2will consist of tendingthe upstream face
of the culvert through the spillwawvall. Thiswill accanmodate futur@perationsn DCD2
without obstruction fromthe Project.Based on fdraulic modeling performed by the Project
team (see Sectid®), theProjectwill increase thel00-year water surfacelevation at the
US36 culverby approximately 2.5 fedfl.1 psi) andvill increase he 100yearflow through
the culvert by © cfs (fran about 290 to 360 cfs). These increases in pressureoand fl
throudh the civert shoudl be aceptable for an RC8, but this should be confirmed viait
additional analyses.

Additional information egardingDCD2 s presettiedin a technical memorasum in
AppendixG.3. Additional coordination with DCD2 Company wilé performed in be next
stage 6design to discuss modificains to their facilities.

14.4 Wildlife Crossing

A wildlife crossng extend unde US36approximately300 feet west of SBC andonsists 6
adual4-foot by 16foot RCBC. Thewildlife crossng was installed as part of thkS36
widening project implemented by CDOT in 2016. An approxmsha9-acre areato the south
of US36 dains directly to the willife crosing. This areavaspreviously draineda an
adjacentculvert below US6 and to SBQrior to theinstallation of the wildlifecrossing.
The wildlife crossingyill also dischargddws fromSBC duing aflood even.

The spillway alignment is locatedpproximatdy 75 feet upstream of the facd the wildlif e
crossing. Thavildlife crossing willbe extended to the upstreamdat the spillway wall to
facilitate wildlife accessBased on ydraulic modeing perfomed by the Prgd team (see
Section9), the Rojectwill increasehe 100year flow through the wildlife cresg by 55 cfs
(fromabout810to 865cfs). Thesencreases iflow through the culvert should be
accepable foran R@C, but this shald be caonfirmed with adlitional analyses.
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SECTION 15 - SITE GRADING AND ACCESS

15.1 General

Site grading ad site access improvements will lEuired to supptthe Project facilities
discussed in the proceediasgctonsand to meet Project design criteria. Site grapdwill
include the detention excavation and miscellaneous grading needed to promoteisagedr
Site access modifications Mbe required ér South Loop Drive and the mulise trail. The
Projectwill alsoinclude construction of new access rodasitigh thesite to provide access
for maintenance and operation.

15.2 Site Grading
15.2.1 Detention Excavation

To ensure thate Project doesot cause additional flooding on the main stem of SBC
dowrstreamof US36, the Project must be configured tamtein or eduwe flows
downstream of South Boulder Road for the design event. Based onlityydnadeling (see
Section 9), betwer 73 to 105 a&-ft of detention storage is required below the exisgraund
to achieve hydraulic and floodplain designteria.

The cetertion storage will be achieved by excavation on the northern portion of the CU
BoulderSouth campusThe detentionxeavation gradig plan was developed to include the
following features:

1 The botom of the excavation will be at EI.384to facilitate dinage to Viele
Channel on the north side of US36. This will prevent the formafiarpermanent
poolin the detentin excavation, wich is undesirable because it could promote
mosquitohabitat anctatail and wetland vegetation.

1 Low-flow channel appreimately 2feetdeep and at a O4zercent slope. This should
provide sufficient draiage to prevergtagnation in théow-flow channéandwill keep
areas outside of the Ieflow channekelativelydry during routine conditions. T#i
should promote thegrowth of desirable riparian and upland vegetation outside of the
low-flow channel réher than cattés and other wedind vegetationlt will also allow a
majority of the bottom fothe ex@avation toberelatively dry for maintenanceesss

1 Inflow rundown consisting ofa grasdined open channel rather than a concrete or

grouted riprap chute. Theflow rundown will be gradedtsa 0.5percentslope to reduce

the risk of erosin during darge flood event.Theinflow rundown will direct flows

RIH
(‘»S?-“ «AA\«: -

= S ~——
CONSULTANTS, INC. 16134_22-04-06_SBC_Draft_Preliminary_Design_Report



Draft Preliminary Design Report - South Boulder Creek Regional Detention Project
April 2022

toward he uth em of the excavation rather than the north end to reduce the likelihood
of sediment andebris beingleposited directhat the outlet wiks intake structure.

1 Side slogs no steepaghan 4:1V for aestletic and maintenancersiderations.

Additional refinement of the gradingill be needed in th nex stageof desgn to reduce
these impets.

Sincethe excavabn will be below existing groundwater elevations, a barrier wall isetted
to keep tle excavatiorfrom calecting groundwaterwhich will render it ineféctive for
detentionstorgge The barriewall will be similar to the barrier wall deribed abwe for the
embankment dam butill extendaroundthe perimeter of the detenti@xcavabn. The
barier will consistof a 3foot-wide soil-bertonite karrier wall that willextend 5 feet into the
undetying Pierre Shale bedrock.

The detention ecavationwill be within 200 feet of the upstream toe of the dam, which
vi ol at e sRuledqarl Regla®nssOur embankmerdnalyses consated this
excavaibn, and it does nqiosea gability risk to theembankment. We will obtain a waiver
from the SEO for lis variance.

As described irsection9.3, the detention excavation gradinigup presented in the 30
percent design results in localized m&ses (up to 0.1 foot) in the 108ar water surface
elevation downstream of the sit€he currentletention excavatiograding will be modified
in the next phse of desigro meetthe desigreriteria Currentlythelowest elevationn the
detention are& about 1 foobove the invert elevatiasf the outlet worksnlet structure.
We expect that the additionaheead storagecan beattainedoy lowering the bottom of the
detention excavativareaandby adjusting the slpes within tle excavation

15.2.2 Miscellaneous Site Grading
Miscellaneous sitgrading will berequired aglacent to tle primaty Project facilities. The

site graling will be develped todrain to the closesespectivadranageway (SBC, Viele
Channel, detention excation, etc.)
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15.3 Site Access
15.3.1 South Loop Drive

South Loop Drive will le theprimary access point toelsite for permanent (post
constuction) acess. The alignment of the embankment @stends acrosSouth Loop
Drive. South Loop Drive wilheed to be reconstated to provide access ovehe
embankment dam.

An eartherroadway ramp will be construatigha extends over the embankmietiam. The
top width of the earthen roadway ramglwe 80-feet wide in accordance with the
Annexation Agreement between thgyGand CU (City and CU, 2021) A 24-foot-wide
paved aspalt road will be constructed on top of thetken roadway rampsgpatt of this
Project. CU willbe responsible for future improvemerasouth Loop Drive.

The rampnorth of the dam embankment wilke a less thara 4-percent slopewhich was
sekcted based omadway design criteria presentadhe City ofBouldefs Design and
Construction StandasdBoulder, 2020) To the suth of the dam embankert, the eartfll
roadway ramp will extend alondné wesern edge of the detentioneavation The top dthe
eathen roadway ramp #is location wasset at tle same elevation as the 5¢€a flood
water surfaeelevation (E 53680).

15.3.2 Site Access Roads

Permaent access roads will be teged D provide access to Project facilities for future
mainterance activitiesand to access CU propertin aggregate acess oad will be
installed along the crest of the darccess 6 the embakment dam crest will be fno South
Loop Driveandwill include a vehicle turnaround nedré right end of the embankment.

As the dsign progresses, the Cityahd cansider theneed to instalpbermanent accessads
at the folowing locatons:

1 Along the downstream toe of the embankment between Vienael and the
embankment. Thiwill provide access to toe drains folgetation
removal/maintenance along tdewnsteamslope.

1 Along the upseam toe of the ebankment. Thisvill provideaccesg$or vegédation
removal/maintenance along thpstreanslope.
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1 Along theupstreansideof the spilway wall. Thiswill provide access to
groundwater corsyancesysem marholes.

1 Intothe cetention excavation. Thsill provide aacess fortheremoval of sediment
and debris.

15.3.3 Multi-Use Trail

The dignment of the sfiway connection to US36 extendsrass the existing muttise trail.
An approximately 30@dootlong segment of thexisting multiuse trail willbe demdished
and reconstructedtahis location. An earthfill ramp will be phced éong both sides of the
spillway wall at this location to@ommodate the muiltise trail. The slopes of the mulise
trail earthfill rampwill be at 20H:1V based on cetia from Boulder Parks and Recagion
Design Stadards Manual (Boulde2021). Thewidth of the reconstrueid multruse trail
wasset to match the width of the existing trail.
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SECTION 16 - ENVIRONMENTAL PERMITTING, MITIGATION AND
RESTORATION

16.1 Environmental Permitting
16.1.1 Clean Water Act

The Cty will need to obtain £WA Section 404 permit to cotract the project because of
anticipated impacts to wetlandUSACE will be the lead regulaty agecy for this permit.The
RJH Team anthe City peformed a site walk with Matt Montgomery withSACE on Augus$
17, 2021. Based on this site walkSACE provided the following preliminary opinions:

1 Thewetands along th&/S36 corridor andiorth er of the CU Boulder Sdh
Campuswill likely notbe considered jurisdictional wetlands because they are not
directly connected to SBC and lack inundation itygical year.

1 Wetlands along Viele Channel may lmnedered jurisditional. If theg wetlands
are jurisdictional, thn the South Lgo Drive modfications south of US36 and the
outlet structure north of LB® will impactjurisdictionalwetlands.

1 The wok in Viele Channel north of US36 could likely berpetted under
Nationwide Permit IWP) 7 for Qutfall Structures.

1 Thework in Viele Channel soutlof US36 for South Loop Drive modifications could
likely be permtted under NWP 14 for Linear Transportation.

1 The Area of PotentidEffectwill likely only be defined tanclude areaslang Viele
Channel. HowevetJSACEwill likely review tre Biologic Assessment for the entire
Project site.

USACErequested thathe City submit a request farrjsdictional detamination.

The RJH Team submétl a request foufisdictional e&tterminatiorto USACE on Noverher
11, 2022.USACE isreviewing this request, and we have not received a respong@pslo
2022. A copyof the request for jurdictional determination iprovided in Appendipd+.

USACE will also requirdhe development ofa Biological Assesment and Cultad
Resource€lass 11l Report. The extent of ecological restoration will neda tidentified
prior to thecompletion otthese reporiso this areaan be irluded in thébiological and
cultural evéduations.

1 L

A@q‘ m 84

I

AR\ &

NI

CONSULTANTS, INC. 16134_22-04-06_SBC_Draft_Preliminary_Design_Report

=9\



Draft Preliminary Design Report - South Boulder Creek Regional Detention Project
April 2022

16.1.2 City of Boulder Wetland Permit

A City Wetland Pemit will be required to construct the Project because of anticipated isnpac
to wetlands The City Wetland &mitwill be based on Projetnpeacts to delineatd wetlands
not just those eemed jurisdiconal byUSACE. The City Wetland Brmit will require an
approved CWA Section 404 permit and a Compensatory Wetland Mingator to appreal

by the City. An initial meeting was held witGty Planning Repartment staff to discuss

permit requiremets and proces Additional work for ths permit ha not been advanced.

16.2 Environmental Mitigation and Ecological Restoration

Wetland mitigabn willbereqi r ed t o c¢c o mp | yeanwWaetldnd, arsMaterCi t vy’ s

Body Regulations, whitrequires mitiation at a atio betwen?2:1 and 2.5:%or permanat
wetland impacts, depending on the quality of the wetland. Wetland tiatigeill also be
required br the CWA Section 404 permit if impadtevetland aeas exceed 1/10 acre.
Mitigation of ULTO and PMIM habitat wil also likely be reqgired byUSACE. Consultation
betweenlUSACE and USFWS will be performed to discustigation strategies.

Theernvironmental mitigation will be constrted onsite in the OSO portion of the CU Bouler
South campsiand will beperformed in conjuniton with alarger ecological restoration of this
area. The goals of the environmental igdtion and ecological restaton include:

1 Removal of the existoplevee embamment to reconnect the OGS area tdhe SBC
floodplain and ripaan corridor.

1 Develpment of newvetlands while maintaining current wetlands in the@8&rea.

1 Development of new& E habitat while sustainingurrent T&E habitat conditioni
the OSO area.

The environmental mitigation amtological regiration concpts will be identified in the
next phase of design.
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SECTION 17 - OPINION OF PROBABLE CONSTRUCTION COSTS

<<TO BE PROVIDED>>
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SECTION 18 - CONSTRUCTABILITY CONSIDERATIONS

18.1 General

RJH identiied anticipated constructivadivities and Site conditionthat are expded to
impad theconstruction of Project facilities. Constructéiitems, along with a brief
discussion of keyssuesand posible methods to address eachussare preided kelow.
Additional constructiaility evaluationswill be performed in the nexdtage ofdesign.

18.2 Contractor Staging

Construction activities require siag aress for cantractor trailers, equipmenmparted
materials, and stockpile areas. lgsnerdly desiralde to locate contractor stagirayeas
outside of the construction footprint if possible. HustProject, thisvill be possible if the
entirey of the stagingarea was located on the CU Baer PUB Iand use areaFor
preliminary desig, we have estimaig dmensons for the contract@tagingarea based on
our experience with similar projects amave assumed the contractor staging ai#be
located onthe CU Boulder PUB land use arsauth @ the earthen roadway ramp

If the PUB landuse area is not available formwactor stagingthen tie contractor staging
areawill need to be located on either the-BKO land use arear the OSO land searea
The PKU/O land use areia generally loatedthroughout the footprint of the gposed
detention facility, and th©S-O land use area is the locationppbposed environmeal
mitigation and ecologicatestoration Stagngin either of these areadll likely require
sequening construction tacammodate contrdar stagng and relocatinghe stagingarea at
some pint during onstruction.

Coordination with CU Boulder ¥ be requied in future stges of design to evadte whether
the PUB land use area can be used forreotur staging

18.3 Earthwork Balance

Primary onsite borrow sourséor the Progd include thedetention excavation, CBoulder
levee, and CUBoulderwed berm. Requiré excavations in thesreas are estimated to
produce about 23000 cubic yards CY) of borrow material.Primary fill areas include the
dam embankmeraind earthen roadwagamp andareedimated to regire about 300,000 CY
of fill. We antici@ate that the embankment core (Zonevill) be obtained from finegrained
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soil in the CUBoulderwest berm, whereas matd from the remaining excavans could be
used for the embankment shell (Zone 2) #rekartherroadway ramp

A significant quantity &tleast 70,00@Y) of earthfill will need to be imprted to the Site to
constructProject facilities. This quantitycouldincrease depending on the volume of
excavated material that cannot be udedfill becauseof excessive boulders or other
undesiral® materials.At this time, an offsite borrow source has not been established.
Potential offsite locations shtd beidenified in the next phase of dgs so the/ can be
secured,and appropriate permitdbtained in advance of bidding the Project. tiusopinion
thatidentification aml procurenentof thislargequantityof import maybe very difficult
duringa biddng pocess Eathwork balance will also be faicted by material shrinkage (i,e.
new fill is compacted to a higher unit weight than material in the borrow areasyranda
of oversize particles (described in the next section), whidhhe further exauated in
future phases of desigrAlso, only two borings were drilled in the e®e and one boring
encounteredome dbris. Itis currently unknown if this debris isdaized or throughotithe
levee which could impact the volume that canused or fill material

For this level odesign,we cansidered that specially graded aggregates (embankment Zone 3
and Zonet andbackfill for the groundwater conveyancestgym trenches)will be imported to

the Site from commrcial sources. The practicglibf processingnsite soils to produce

these produs should be evaluated in future phases of design.

The current design does not include an allowance for an onsiteaveat Future stages of
design should evaluatehich miscellaneous materiageneragd durhgthe work pentonite
slurry, bentoniteamended soil, material excavated from secant pile shedishlesand
boulders etc) will besuitable to incorprate nto permanent fillif these materialsouldbe
left orsite or if the will needto be dispsedof offsite.

18.4 Oversized Particles

Oversizd particles (i.e.cobbles anthouldes) are expected to exist throughout the alluvium.
Oversized particles will ab beencounterd within fill soils onsite, howevdrasd oncurrent
datathe fill is expectedo contain smallesized and less frequentersized particleshan the
alluvium. Addtional test pits should be performed in the next phase oftigaéisn to beter
characterize the oversd material®nsite. The proposed construction techniques, (@me
ramming for the tunnel and secariepifor the spillwayoundaton) were seleeid because
these are preferred for handling oversized pasicle
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Oversizedpatrticles inthe alluviumareexpeced toprecludethe use ofcrapers to excawat

materials. Also, depading onwhere the excavated allium will beused for fill, screening
of the materiamay ke requirel to removeoversizedarticles Theapproximate quantity of
oversized materials that mageal to be stocgiled or removed will be developed the rext

stage of design.We anticipatetatexistingfill materials will be able to be excavatedhgs

scrapers and will be able to be plddirectly as fill without screening.

Oversized materials excavated from the bamialt dignmentswill also need to be
selectively remowed from sodbentonite backfill. Supplemental firgrained soil may need
be incorporated into seilentonite bckfill if the materials excavated from the barrier wall
trenches are too coarse.

18.5 Construction Water

Construction water Wl be neededor moisturecorditioning earthen fill, mixingpentonite
slurry andsoil-benbnite bagfill, dust suppesson, ard other uses. We anticipate
constructian water will be providedypthe Cityfrom a neaby hydran. The contractowill
beresponsibldor transporting or coreying water from the source to the site. The logistics
associated with usg City-supplial construction water should be further evaluated in future
stages of designObtainirg constructiom water fromonsitesaurces such as existinvgater
stored in pong runoff, groundwateror from groundwatethat is dewatered from other
Project alignmerst shouldalsobe evaluatedKey issues wilbe water rjhts, water gality,

and water quantity

18.6 Construction Space Constraints

The spilway and groundwater careyance systemwill be consructedon CSMP property
south & US36 toavoid impactgo existing utilities within the CDOT ROW. For the-30
percent ésign, we have assumed@&f@ot-wide constructia corridor diretly south of the
CDOT ROW boundary lsad ondiscussios with City and GMP stéf. This will
accommodte the excavation of é&6-foot-wide working platform with 1.5H:1V side slopes.
An excavatedvorking platformslightly above the groundwer levelis requredto install the
groundwater conveyeesystem collection and digbution trencheswithin standard trench
boxes insteadfan excessively deep shored excavagiohhe 56-foot-wide platformwill
accommodatéewo lares of eqipment traffc, each withsuficient width for an excavator and
dump tuck. However, the 56foot-wide platform will not provide sfficient space for
stockpiling excavated materials along thellspay alignment.
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There ae twogeneraloptions tomanagetie large volume of eavaed materialalong the
spillway alignmentwhich consist of the follomg:

1. Largescale stocgiling of dl excavatd materialcouldoccur within he contractor
staging areaThe materialvill then be hauledack b the sgiway alignment br
backfiling the completed structure This additional meement of material will dd
cost and duration tdé Project.

2. Stockpilingonly enough materiakithin the contractor staging aremopen an inial
work area ang thespillway alignment Subsequent nterial exavaed along the
spillway will be placd directly to backfill the adjacent completed work as
construction progressedong the spillway.This optionwill redue the overall
handling ofearthwork;howeuer, it could signficantly limit the produdivity and
increase the duration of specialty sbmction (i.e.secant pile installations).

A wider working platformandconstruction orridor will bebeneficialto simplify and
facilitate construction howeve, thiswill encroach further int® SMP propest.

Theoutlet works outlet structure willebconsructedwithin a 30-foot-wide corrida onthe
northsideof US36 between DCD2 and Viele Channa&h approximately 2@t by 20-ft
braced exavation will be used fordih constrution of the outlet structure and aseceiving
pit for the tunnel which will reducethe area of irpact aad reduceherisk to impact DCD2

Congruction of the sotbentonite barrier walls require a flatgradually slopeglatformand
a work area along onédg of the trench, which hasi@nimum widththat is equito the
depth ofthetrench (i.e., bout 20feet) fa stockpiling and mixing backfillmaterid. The 30
percent desigaccommodatethis need.

18.7 Demolition

Demolition activities will include demshing the CU Bouldertenniscourts CU Boulder
maintenane buiding, andmiscellaneous existingtsi utilities,fencing, and trails Demolied
facilities will need to be hued off-siteard dsposdof by the catractor It is possible that the
CU Bouldermaintenance buildig coutl include asbestos otheer pdentidly hazardous
materials thawill requirespecialty procedures ftwandling The materiathat needs tbe
demolished andisposedof will be evduated in thenext phase afhedesign

Other facilities to be demolisldinclude utilities, £ncing, a portin ofthe CU crosgountry

trail, and a portion tthe concrete muHuse trail. We antigate demolitiorand disposal of
these facities should ke draightforward.
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18.8 Tunneling

Construction challenges to tunmglibdow US36 indude:

1 High groundwatetevels and higkpermeable soils Tunneling wil likely occur
belowthe groundwater tabl Substanal dewatering opetteons will likely be
required tcaccommodate shaft construction at each end of the tunnel aignand
theinability to reliably dewderthe tunnel Bgnment also affects theasibility of
various tunneling tdmiques.

1 Cobbles and bouldesbong the tunnell@nment The tunnd will predoninantly
extend hrough alluvial materialabove the Piee Shale bedock. Based on
geotechicd investigations performed for the Projette tunnel will likely encounte
wet sand, gravel, cobblesind boulérs. During test pitexcavation, fequent cbbles
up b about 24 inches in diameter andtermittentboulders grater than 12 inches in
diameer were observed; however, there is a ligbre of uncetainty ofthesize and
frequency of the dables and boulgs along a majoty of the tunnkalignment. We
have selead pipe ramming as the feered techrquebecause this meti is best
suited br advancing through the anticipated groundditions

1 Presence of $36 andDCD2 abwe tumel: The top éthe casingpipewill be about
8 feetand 2 feet belv the US36 roadway arfdCD?2, respectively. Construction
risks associated with tunneling belothese facilitiesarethe formation of settlements
andsinkhdes fromoverexavation or ground heave causeg thedisplacement and
repositioning of boulders as the tunisehdvanced We anticipate that both CDOT
and tke DCD2 Companywill require a mondring and instrumentation plaarf
corstruction andit is possibldining a short section of &ditch may berequired.

During future phases of design, a GeotechnicadliaeReport will be prepared to document
subsurfae conditions that the contracthould expect during tunnel csinuction, and
allowable construction approaches. Instrumentation and mowgjtplams will also be
developed during design to monitor gnobrespnse near US36 and DCD2 during turmmgl

Construction of the tunnel will ligly be sequenced at a time wH2€D?2 is not flowing water.
Additional coordination witthe DCD2 Companywill be requiredas thedesign dvances.

18.9 Irrigation and Farming Operations
DCD2 and numerous smaller lateralssexo distribute watethroughoutirrigated areas on

OSMP. Ideally, construction of th spillwaywill occur innortirrigationseasor{i.e.,
generally November thrgin Mard). If construction of the spillway occurs duritige
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irrigation ason (e., gerraly April throughOctoler), then temprary facilitieswill needto
be installed to corey irrigation fbws pastthework areaand into the ciwertsbelow US36.
Construction of the spillwawill also bdess complicated irrigation on OSMP South fiekd
was reluced near the work aea

South BouldeandBear Creek Ditcland DCD2 convey flomear he leveeembankmat. The
contractor will ke requiedto avoid disturbig ditch operabns duringenoval of the leee.

The City al OSMP will need to coodinae with the farmers about the tripated cattle
grazing patternduring constuction. If cattle will be on pasturen OSMP Southduring
construction of the spillwaysturdy temporaryencingwill be required to keep cattle out of
work areas. The constition easement is narrg@ndthe instalation oftemporary fencing
beyondthe conguction esementi.e., further onto OSMPmay be required farming
activities areanticipated taortinue during castruction.

18.10 Flood Protection

Potential floodingsourceshat codd impactthe work include SBC, Viele Chaeh and bcal
draingyes. It maye desirale to requirete contractor t@onstruct temporary facilities t
protect thavork from precipitaion, runoff, and flood events. Temporary facilitiestsas
cofferdamscould beinstaled upstream of work areasdathen griodically pumped to
dispose oflhe accumulatedater. The sizef the storm (return interval)sed to sizette
stream diversiondcilities is a function of risk and cost. Selectiorcteriaand amapproach
to gowern flood protection will ned to bedeveloped lased on howhe City deides to
manageisk and cost.

One approach for selecting a netunterval br flood protections to consider the
construction duration. A general eubf thumbin theindustryis to provide flood protection
for a returninterval of appioximately hreetimes he constuction duration For example, if
the anticipated constction durdion is 18 monhs,flood protection for a fyear flood event
will be required. Anothe approab will be to allow the contractao selecthe level & flood
protection. Ths will transfer the risk tadhe contractor, and the cost fasaming ths risk
will be incoporated into the overall Project cost.

Regardless of thievel of flood protecion that is required, constructisequencin@nd
specifcation reuirenmrents calld be ued b reduce the risof flood damage. This could inde:

1 Constucting the spillway,outlet works, and ecological restoration prior to the
embarkment. Thiswill allow thelevee to remain in placerfa longeruration to
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protectthe OSO landuse areaAlso, constructinghe outlet works before the
embanknentwill provide some protectin during embankment construction because
flows overtopping 8C oould beconveyedhrough the outlet works.

1 Requirng the comactor to nove eagiipment ou of the floodphkin when major
flooding is forecasted.

1 The constructiomrorridor dong the spillway isnot large enough to provide
cofferdams around the spillway vkoarea. @nstructon ofthe spillway will need to
besequencedhen the sk o SBC flooding is bw.

18.11 Groundwater and Dewatering

Lowest groundwater levetme typi@lly during the wintemonths of November through
February. Highest groundwater lés¢ypiclly occu April through July. Low groundater
levelsare desiral# during excavabn, anddry corditions are desirablfor earthwork and
material processg. Dawvateringis expected tde required and will likely consist of
pumping wells, sumpgipes, ad ditches. Dewagring will be required fothe followving:

1 Spillway: We expect that wepoints will be usediuringconstruction of thegllway
to maintain grondwaterbelow the workng platform. Construction should be
sequenced such that itperformed duringfall andwinterto avoid high grandwater
conditions andncreaseghumping requirementsuéto seasonal higgroundwater
levels andirrigation activity.

9 Site Ponlsand Detention Excavatiohrea Water willneed to be removed from the
site pondsfor the detentionexcavation and construoti of the @m embankmentlt
is likely thatwells will beneeadaround the porslto lower thegroundwatetableto
remove hemudk and fill.

1 Outlet Works Substantial deateaing will be required to ammmodateshaft
construction at each end of the tudralignmen. We expect thatvells will be
required fa@ this work

Construction of the dam embankmerg tirain oud be performed during low groundwater
levels or dewagring will be required. Groundater isnot expeted tosignificantly impact
barrier wall congruction. However, tareas of shallow groumditer, theworking plattorm will
need to belevated to be searal feet abee graindwvaterto maintain stability othe excavation
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18.12 Other Construction Sequencing

The wak will need to be suencedo accommodat¢he potential constrctability issues
described above. Additional sequencing comnsiiis are:

1 The larier wall around the detention excavatisimout be installedorior to the
detention excavaion to reduce goundwater inflows ashto permit ths work to be
performedin the dy.

1 The barrer wall below the dammbankment will need to be installedgrto
embankment comgiction.

1 The rarrow construction corridor ahe spillway willrequire the contactor to
carefully sequenceorstruction ofthegroundwater conveyance stegm secantpiles
and pillway wall.

1 Several intersecting structures will ndebe quenced appnariately. Intersecting
structures include thgroundwater conwance g/stem andecant pilesthe outlet
workstunnelandsecan piles; the danembankment baer wall andsecant piles; the
detention excavation barrier walhe damembarkment barrier wdj and the secant
piles andthe connection of the dam embankrmamd illway.

1 Selection othe constration quencingshouldalso considethe timing of ge
reclamatiomn and reseding. lis desirable to reseed disturbed areastishafter the
compldion of site work to reduce erosion of exposed, smitlit is dso desrable to
reseedn the sprng or fall to facilitategermination and establishmeof the vegetabn.

We anticipate some of the consttion segencing wil be at the discretiorof the contractqr
and others will be required indtspecificabns.

18.13 Traffic Control and Site Access

SouthLoop Drive isthe primary access point to the si@ouh Loop Drive will be closed to
the pubic during onstructian but will be maintaind for construction access. The alignment
of SouthLoop Drive wil needto bemodfi ed during variosstages of costruction to &cilitate
continuous use for constrimh acess. Other site access points, inclgdrom Tantra Drive
and Marsall Road, wil need to be closed during construction. The remtdr will need to
providefencing around the sgiwork areas fopublic safey and for contractor security.

Temporay (construction) access roads will be neetigdhe cotractor fa the movement of
equipmet and materials. The locations and details festhroads Wibe left to the
contractor, proviled that the temporary roadsneet the safety requirements for constion

S 94
RiH
(‘»S?-“ «AA\«:-.\,

CONSULTANTS, INC. 16134_22-04-06_SBC_Draft_Preliminary_Design_Report



Draft Preliminary Design Report - South Boulder Creek Regional Detention Project
April 2022

access roads as describeddncupatonal Safety and Healthdministrationregulations and
that ditch fow is maintained irall irrigation ditchegi.e., DCD2, Sauth Boulder ad Bea
Creek Dtch, and Upper BarCreek Ditch). Upon completion of cetnucton activities, the
contractor will beresponsibldor theredamationof temporary access roads.

The multtuse trail along th souh side of US36 Vil be closal tothe public dumg
construction. A temporary deur for the multiuse trail will be stablshed. The detour will
extend along Sdh Boulder Road and StuCherryvale Road. The contractoillvbe
required to installlnd mantain approprite trafic control and signageof the detour.

Portions of the gavd trail on OSMP north and souttefds wil be temporarily closed to the
public during key points of @andruction.

18.14 Site Reclamation

Nearsurface material will be stripped from tfeotprints d the dam embankment,
reconstructed Sath Loop Drive spillway, and detention excavation priordgarthwork in
these areas. The stripped material will bedwsetopsoil to rdaim disturbed areas, and the
material will need to be stockpiled the ontractor staging unless it cabe used toeclaim
portions of the Site as work progresses.

We do ot anticipate that imported topsoil will be required for rewéion of flood cotrol
project components; however, additional topsoil may be regjforescologcal restoration.
We will need to coadinate with GSMP and environmental consultants about Wwaethere
are special requirements for selectively removingj r@placing topsoénd wetland
vegetation along the spillway alignment separatelynfgeneal sie topsoil.
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B.2 ALTERNATEC ORRECTEMEFFECTIVEVIODEL



APPEDIX B.1

PRELMINARY PROPOSEDC ONDITIONS HYDRAULICM ODEL

<<TO BE PROVIDED>>
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EMBANKMENT SEEPAGE AND STABILTYANALYSES
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D.1 SPILLWAYGEOSTRICTURALEVALUATION
D.2 S,PiLLwaY ENERGYDISSIPATIONEVALUATION
D.3 SPiLwWAY ABUTMENTSTABILITYEVALUATION
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SPILLWAYGEOSTRUCTRAL EVALUATION
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SPILLWAYENERGY DISSIRTION EVALUATION
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SPILLWAYABUTMENTSTABILITYEVALUATION
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GROUNDWATERMODELING OF PROPOSEDC ONDITIONS
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TUNNEL FEASIBILITYEVALUATION
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STEDRAINAGE ANALYSES

G.1 VIELECHANNEL HYDROLOGIC EVALUATION (PMF)
G.2  VIELECHANNELHYDRAULICEVALUATION (PMF)
G.3 DRYCREEKDITCHNO. 2 MODIFICATIONS
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VIELECHANNEL HYDROLOGIC EVALUATION (PMF)
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VIELECHANNEL HYDRAULICEVALUATION (PMF)
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DRYCREEKDITCHNO. 2 MODIFICATIONS
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