(This information was developed by the Colorado Division of Wildlife.)

Habitat restoration actions, in tandem with further remediation efforts, will significantly contribute
to restoring the brown trout population in metals-impacted stream reaches of the upper Arkansas
River below California Gulch. Historical placer mining within the river and grazing in the riparian
areas of the river have reduced the amount of quality habitat for the brown trout fishery (Industrial
Economics, 2006). Much of the 11-mile reach is over-width and aggraded, and presents as a
continuous run or riffle with little deep pool or undercut bank habitat for over-wintering refugia. In
addition, the banks are highly erodible due to lack of strong establishment of riparian shrubs such
as native high-elevation willow species. Mine tailings and spoils are largely responsible for the poor
vegetative growth, as well as a history of grazing and railroad activity in the area.

Physical habitat improvements within the 11-mile reach (including habitat and geomorphology
improvements, bank stabilization, and riparian improvements) are expected to improve the fishery
(density, biomass, spawning, and/or the number of large adult fish) up to 40% higher than current
conditions. In-stream habitat restoration treatments are generally designed to perform one of the
following functions, all of which directly or indirectly improve trout habitat: (1) improve natural
river processes and connection between the river and the floodplain and riparian zone; (2) stabilize
banks in a way which also creates winter habitat and cover for trout; and (3) enhance mid-stream
habitats for trout and their prey base (forage fish or invertebrates). Photographs of in-stream
restoration activities are included in Section A.3, bank erosion treatments in Section A.4, and aquatic
habitat treatments in Section A.5.

Potential treatments for the entire 11-mile reach (Figure A.1) were identified and evaluated for the
Preliminary Estimate of Damages (Industrial Economics, 2006). Table A.1 describes the general
nature of the habitat restoration treatments that serve these functions and that will be considered

for the reaches in the 11-mile segment. Stream reaches will be prioritized to develop an in-stream
restoration timeline based on the (1) status of the brown trout population, (2) level of current and
future contamination, (3) ease of access for heavy equipment, (4) public access after restoration, and
(5) presence/absence of confounding factors such as water rights, ditches, agricultural practices, etc.
With this prioritization scheme, Reach 3 between Highway 24 and Kobe was ranked as Phase I. EPA
has conducted recent work in this reach and thus there are access roads that will facilitate in-stream
restoration activities. In addition, the brown trout populations in this reach have not recovered to
reference levels, and since metals contamination is lower in this reach compared to directly below
California Gulch, we hypothesize that habitat is the limiting factor. Phase II of the project will be on
the Moyer easement and Reach 2, which also shows severely degraded habitat and will have public
access. Phase III includes private property from California Gulch to the confluence of the Lake Fork
in Reach 1. There are issues in Reach 1 that must be addressed, including the maintenance of ditch
access and agricultural practices, and protection of grazing land and physical structures. These issues
may be best addressed with assistance from the National Resource Conservation Service. Work with
private landowners was described in Section 3.3.1. Phase IV will include any point in Reach 4 where
access and permission is granted.



Treatment regimes were proposed for the 11-mile reach of the upper Arkansas River based on initial
inventory and survey techniques (Table A.1). These techniques include qualitative assessments

of bank stability and riparian vegetation, counts of riffle to pool ratios, width to depth ratio
measurements, aerial imagery at high and/or low flows, investigation of stream flow data from
gauges, and determination of access logistics and private versus public property issues. Treatments
for each reach are described in further detail below. These treatments will be further evaluated and
adjusted or deleted when engineering models are applied to develop the final treatment plans for
each reach. Nothing is currently proposed for the reference stream reach above California Gulch

(Reach 0).

To assist with evaluating the size of material (boulders, cobbles, etc.) to use in various habitat
treatments, a two-dimensional computer model will be developed. The United States Army Corps
of Engineers’ HEC-RAS computer program will be used to model each reach. This program is

one of the industry standards for evaluating rivers in their current state as well as how planned
improvements will affect the system. HEC-RAS utilizes river cross-section geometry, length of
channel between cross-sections, channel roughness (amount of vegetation in the channel and
overflow banks, size and shape of rock in the channel, etc.), and flow to determine water surface
elevations, width of the water, and water velocity (impacts bank and channel bottom stability). The
program will also help predict the ability of the river to transport sediment though the reach. This is
important to design the river so there is neither agradation (deposit) nor degradation (erosion) at the
structures.

The HEC-RAS computer model will evaluate river reaches as a system but is limited in its capability
to predict how individual treatments/structures will affect the river at a particular location. To help
evaluate the potential impacts that a particular treatment may have on the river in critical locations,
it may be prudent to develop a three-dimensional model. There are several good three-dimensional
hydraulic computer programs currently in use, such as the USGS MD-SWMM program.

The preferred alternative of in-stream habitat restoration will require detailed engineering for each
designated stream reach and associated construction and heavy equipment operations along the
banks and within the streambed. While engineering plans will be adhered to as much as possible,
there may be a need or opportunity for design-build activities beyond the engineering plans. Access
roads previously developed by EPA for reclamation and restoration activities will be used, although
additional access points may be required. Project management will require both knowledge of heavy
equipment operations, placement of in-stream restoration treatment types, and fish behavior and

ecology.



‘uonelaban uelsedis jo A1an09al 8yl sasealoaur uone.olsal buunp paginisip syueq weauss buoje
sal0ads sseub uenedus ajeudoidde Buipaas "9,08 paadxa pjnoys ‘ainisiow [10s usauewad ul urewsa. 01 ybnous daap pajue|d ‘sbunueld
(N3S JUBWLIOP PUB X90}S MO[|IM J00J 81B( JO |BAIAING "|BAIAINS JO SS8IINS SOZIWIXEW UOSEas Juew.op ay} Bunp sdwnja mojjim Buinolp

“IN0J} 10} JBAOI PRAYJIBAO B|qRasn
aJow sa1eald yidap Jarem pasealoul ay] "uoneiaban Apoom ayy Japun |eLalew aleiisqns [guueyd Jaal Buinowal Ajinjale pue
wooq ay) Buipuaixa Aq Jo1eARIXS UR Buisn paleald SI1elgey IN0.) [BUONIPPY J81BM MO||eYS Ag paliwi| SI1eligey 1N0J1 818YM S8AIND
18A11 apisIno Buoje pa1eo0| SaYoLal JBAL Ul 18A0D peaylano Bunealo uonelaban Apoom aney Juswieall siyl Joj paydepe 1saq sallg

"UOIS0J8 JUBQJAALI UBSS3| 0} 8|G0
pazis Ajaiendosdde yum youaq ueriedis ayl Jo Juouy ay) aul| 0} Alessadau aq Aew 31 ‘Juaipeub JaAll sy} pue yauag ayl 1anJisuod o} pasn
azis |elsalew ayy uodn Buipuadaq "uoneaa|s |npjueq anoqe Apybis aq pinoys pos ueredu paae|d syl jo uoneaaja doy ay] 1839nq ayl
wodJ} apyis y90|q uonelahan ayy sdjay bunyeos ay| ‘youaq patedaid ayl uo pase|d Bulaq aiojaq Ja1em Ul payeos SI U )90|q pos ay}
Buipeo| Jayy "pos ay1 dn Buibbip al1o4aq pasull ale s18y)ang "yauaq palonisuod ayl jo dol uo pase|d ale Japeo| pua-1uod} 10 J0}BARIXD
ue Jo 18)9nq e ul dn padooas pos uonelaban ueltedi Jo $320|g "UOIIBA3|3 ||NPjURY MOJaq Ajlybils 8q pjnoys yauaq paioniisuod

8y} Jo uoneas|a dol ay| ‘s|elialew |10S payodul J0 ‘S|elialew JuULQJaAL ‘B}e1ISqns |auueyd JaAl Buisn pajoniisuood si yauaq y

"Jelqey InoJ3 8jluaAn( Jua||aaxa sapiaoid

pue ‘AJISIaAIp JelIgeY IN0J] Sasealaul ‘ssauybnol [auueyd |euonIppe S81eaJ0 [aUURYD JAALI JusIpeIB-mo| e Ul paae|d 8|1l paleAs|a uy
‘|]auuBYD MOJ}-MO| BY) Ul SyuegJaALl Buoje [enualod uoisola ay) saanpal pue

[BUUBYD MO|}-JBA0 UR S80I [aUURYD 3[}11 PaleA3|a 8y} smojy Ybiy Buuing ‘jauueya mojj-mo| a|Buls e 03Ul MOJ4 JaALI By} SBULUOD
uawieasy siyy abieyasip Janl-mo| Buling 'yaeal [auueya papielq moj-ybiy e ul UoneAa|a 81eJ1Sqns [auueYd 8sealaul 0} pasn aq ued
JuBW1ea I} SIY| 'SIUBAS Moj} Wweans-ybiy Bunp pauodsuely ag lou |jim 1 0s 8]qqoa Jo [aAelb Buisn palens)a aq uea salelisqns ajyly

"YIpIM [aUURYD 8ONpaJ pue sieq juiod 81810 03 pasn aq URD S|eLIBIRW S1BISANS PalRARIXT 'S8 IRal
[auueya ybieais ul 10 SBAIND AL 8pISIN0 Jayya Buoje syipim [auueya /-G inoge jo Buloeds e 1e paleAeaxa aq pjnoys sieliqey |00

“LIpIM [aUURYD
JaALl 8INPaJ 0} pasn aq ued $330|q pos uonelaban ueliedis 1o 8jqqod pue ‘|aAelb payiodwi ‘[elialew 81eJ1SANS [dUURYD PBIBARIX]

Su0ndLIISap JUBLLIIRAI] LUORI0ISAY

uonelabap
uenedly

uonelabap
Apoopp Japun
18A09 IN0J|
peayJang
asealau|

youag ueuedy

a1e.1sqns
3|1y a1eAald

uolleARIX7 |00

UIpIMN [8UUBY]
2onpay

Sjuawleal)
|auueya Janly

ssasoid 1aau [einjeu anoadwi 0) pasn sjuauneal) jo suondiiasaq 'y
d3AIH SYSNYIHY 43ddN FHL 40 HIOV3IH 3TIN-L1 3JHL 404 SINJNLYIHL NOILYHOLSIH A3S0d04d L'V 31aVL



'sbo| y10q Japun JaA09 IN0J} peaYJan0 Sa3eald Jeyl ainyonais Buieadde |einjeu e ul s}nsal

siy] ‘boj |ewuoziioy 8yl Jo abpa uol) 8yl 013N0 [eLIdlew [|I 8y} uo paae(d sI pos mojjim/sselh ueLiedu ‘ajgejiee J| ‘uonelaban ueledu
Bunuoddns jo ajgedeo sjios Buisn paj|ipoeq pue |eLdlew dlige) yum paianod si ‘60| |eluoziioy ay} jo doy ayl 01 Hoj uoneas|a Jamo|
8y} JaA0 ueqJaAll 8U} JO 8Seq 8y} Je a1eJ1sqns [auueyd ayl usamiaq eale ay] "uoireAaja Jamoj Ajpybis e e boj |ewuoziioy syl puiyaq
paoe|d si bo| ‘1a1owelp Jajjews Ajjensn ‘puoaas e “yueq ayiisuiebe Bnus 11y 1ou saop Ho| ayl a1aym o SjauueY J9ALI YIPIM JBAO U|
JaA09 peayJano se asn noJtl seale Bulanpal pue boj |euozII0Y 8y} Jo apisiapun ay) Buoje Buienwnaoe wouy suswipas payodsuesy
-1aA11 daay 01 ybnoua ybiy sanioojan Jazem uieiuiew sdijay siyj ‘pua yaea uo Ajuo papuadsns si bo| [ejuoziioy ay1 1eys Juerodwi

s11] ‘60| ay1 suoddns yueqJaAll 8y} 0ul paindas pue Mmoj} JaAl 8yl o1 Jejnalpuadiad paae|d Hoj Jayloue 1o siap|noq ey} |jews ‘o|
ay1 Jo pua Jaylo ay3 uq ‘6oj ay1 Jo pua auo suoddns siyl pem 100l payaene ue sey boj ayi J| “o1y10ads aus si Ho| |eluoziioy ayl 1oy
wajsAs poddns ay] JaA09 104} pEAYIaA0 SB1LAID 81eIISqNS JBALI 8y} pue Bo| ay) Jo wWoR0Q 8y} usamlag adeds ay] "MO[) Wealls ayl
0} |3]|eJed pue uoneAa|a ||npjueqnoge e alge) ayiisuiebe pase|d si 6oj [eluoziioy ayl jo doy ay| "uoneAs|a [jnpjueq noge o1 dn
alesisqns JaAl ay) woly Buipuslxa |euslew duqe) aleudoldde ue aoe|d 01 Aessaaau aq Aew 1 ‘Ajljigels yueqgaaal uodn Buipuadag
"y1bua| ur 3 | IN0ge paadxa pue Jalawelp ul Y g Ises| e ag pinoys Hoj ay] "sieuqey uni pue syl Joy pains 1saq aJle sboj |ejuoziioH

“jueq weals ayiisuiebe ysnj} paoe|d pue abieyasip ||npjueq aroge Y | Inoge aq pjnoys pem 1004 ay} jo doj ay] "weas
U} JO 181U 0 8yl pi1eMO] SIUBJLIND Jalem aoepns s1oaap Apybis 1eys aj6ue ue 1e weansdn si uej 1001 8y} 0S yueq 1jis/Ae|a 10S e oul
paysnd Jo yauail e ul paiing aq pjnoys Jun.i ay] yuni payaene 14 z| e sea| e Buiaey Jajawelp ul Y § paaodxa pjnoys Uej pem 1004

"I8ALI Y} JO U81U83 8y} pJemol ) Bunaaiip Hoj

8yl J1aA0 ssed 0} J91eMm $89104 S|eLI9leW 81eJ1SqNS YIM Palan0d |elialew aligey) ayl ‘boj ayy Japun taiem sassed 1eyy unds boj e ayiun
‘|elIalew a1edisqns pajeAeIXa YHM palanod pue Boj ayl jo doy syl e payaene aq pjnoys dlige) ay] "6oj ayl pue yueqanll ayl uaamiaq
paoe|d ag p|noys |eLialew dliqe ‘saalbap /- Jo 8do|S pJeMuMOp B BABY pue JuegtaAll 8y} s1dadalalul sueA ay} alaym aul| Juabuel
8y} wouy sealbap gz-G| 8q pinoys ajbue Bo| ayl pue 3 gz pasoxa pinoys yibus| HoT unds Ho| e se awes ay} pa||eisul Sl juawiealy siy|

“ueqgJlann ayy oyl pajind 1o paysnd aq Aew Boj ays ‘yis 10 Ae|d I1SI0W UIRIUOI SHUBQ Wedl}S

1 ‘youaly e Bunzeaeaxa ueyl Jayiey oyaue [euonippe ue sapiaoid 6oj 8yl Jo apIs WeaISuMOp 8y} Uo JueqJaAll 8yl 03 3xau paoe|d
1ap|noq y "81eJisqns JaAl ay} ul paung si eyl Boj ay3 jo pus weasysdn syl uo pasejd aq ued Jap|noq e ‘lexgey oy pue buroyoue
[euonippe 104 8}eJ1sqns [auueyd a8y} 03Ul palINg pue MO|} MO| Je 89BJINS JaleM a8y} Mo|aq aq pjnoys 6oj ay3 jo pus weansdn ay|
“ueqJaaLl ay3 ojul paoejd aq pjnoys Hoj ay3 jo yibuas| sy} jjey-auo noqy "UoneAa|a ||npjueq anoqe Ajpybiis 1o 1e 8q pjnoys yueq weauls
ay} s1aaw 1 a1aym Hoj ay3 Jo uoneas|a doy ay| "saaibap /—g Jo ado|s paemumop e aAey pue juequantl ayl sydaosalul 6oj ayy aiaym
aul| juabuey ayy wouy saaibap Gz-G| aq pinoys weassdn Buloey youasy syl o ajbue ay] ueqlaal ayl jo doy ayy ojul bnp aq pjnoys
yauaJl e ‘|eliajew [BIAN||e 40 pasodwod aJe SyUeq WeaJls 8Jaym SUOIIed0| U| J838WeIP Ul Y | P83IXa pjnoys juawieals siyl 1oj sbo

Su0dLIISapP JUBLWIIBAI] LUOIIRI0ISAY

peM 100y
/607 |8]jeEd
|ejuoziioH

pe
100y YueqJanly

auey bo7

indg o7

SIEINEEY!
u0iso.1a yueg

U0IS01d YueqJaAll 3anpal 0} pasn sjuawyeal) sjeuajew Apoom jo suondiiasaq g



‘aoueleadde |einjeu e sey

Juawieall siyy Ajiadoad pajjeisul usypp ‘Alessadau si uoaalold yueqiaall [euoiuppe a1aym yueqtal buipota ue jo yibua| ayl spusixa
AjlewJou Juawieasy sy UsAL 8y} JO 181U8 BY) PABMO] YUBQGIBALI By} WOy Jarem ybiy 108|4ap 03 padeys ag ueo juawiealy siy] ‘a|bue
Jueqsaal ayy buisealoap Aq uoisola aonpal sdjay Juawileal) Siy| "UoIS0Ja JueqiaAll aininy aonpal sdjay pue yuedanl pasodxa ayy
0 80} 8y} S199104d 11 UOIIBAB|3 ||NPjUBQ MO|aQ BleJ1Sqns [auueyd palelahan-uou ayl uo pase|d uayp) ‘uoneas|a |Inpjueq mojaq Apybis
0} ueqgJaAll 8y} dn 89eINS J81BM MO[}-MO| BY} JBBU 81R1ISONS JBAII 8y} IN0Qe WoJl) paoe|d SI |eldlew ay] yueqJaal ayl jo adojs ayy
uo paae|d usym papoia AjiSea aq 1ou |[IM } 0S pazis [elialew payodwi Jo elialew a3elisqns salinbal juawiealy 8y ‘aAINI apisino

UB UO Ydeal 3|yl B 104 PANNS 1S8( SI1| "UOIIBAS|3 [|NP{UBY PUB MO|} JAALI MO| BY} UBBMIBQ YUBGJBAL 3|(eIS B SIIWIW Judwiealy siy|

'$10103[}8p Jap|noq uaamaq Aressaoau aq Aew uoielahanal ‘papouas Ajaianas aie S)UBQIBAL J| 'S10103|4ap J8P|N0Y UBAMIB]
JueqJanll 8y} 19930.d 03 sulewas uonelahan yuegianl ybnous pue a1aAas 0S 10U S| UOISOID YUBGJIBAL BIBYM 1S8( SHJOM JudwIeal} Siy|
110}99|}8p JBpP|N0Q IX8U BY} J0} SUS AU} SBWO0I3Q JURYIAAL 8Y] 0} SUINIBI JUBLIND BIBHNS JBALI 8U} 8JYM 8IURISIP 8Y | "SMO[} 99BLNS
Janw ayy Buiniasqo Ag Snoinqo S1 puooas ay} Joj UOIIBIO0| 8Y} ‘paj|eIsul uaaq sey J03aa4ap Japnoq a|buls 1Sl 8y} JaUY UBGJaAL By}
J0 aunjeAInd ayy pue ajbue uondayap ayl uo Huipuadap ‘Wess}SUMOP 8IURISIP HOYS B UOISOId YUBQGJBALI SBINPaJ 10193}48p Jap|noq
8y “JBALI B} JO J8IUBD BY} pPJEAO]} SIUBLIND JB1BM 83eLINS S108|4ap Ajuab J01083ap Japinoq a|buis ay| 18l ay3 ojul Apybis spusixa
pua WeaJsumop ayi a|Iym Jueq.aAll sy} oyul Jadaap pappaquwsa si Japjnoq ayl jo pua weatisdn ayj "pade|d aq [|Im Jap|noq ay} a1aym
yueqJaal ayl buoje pue uoissaldap ayi olul |eldlew dligey) aelidoidde ue ase|d yueqlall Buipols ayl olul pappaqua aq 0} apls
Jap|noq ay1 jo adeys ay} Yyalew 0} [10S JUBQIDAII BAOWAI pUB J3P|N0Q BY} 4O BPIS WOR0q ay} Jo adeys ayl 34 03 uoissaldap e 8}eABIX3
‘uone|jeisul buing-uonelaban jo ploa i ssadoid Buijeay yueqgJaal ay3 djay jou saop Ing syueqJanll Buipous |e1 woiy Aeme smoy

JBALI LBAIP 0} pasn 8q UeJ S10398|4ap Jap|noq 8|bulg ‘uoieAa|a ||npjueq Jeau uoneas|a dol yueq e buirey pue uonelabaa ueredy jo
sdwn|o Buiuieluoa [jns syueqJaAL Buipous Joj payns 1saq Sl juawleal) Siy| “UOIIBAS|3 ||NPjUBQ BA0QE S8YIUl G|—Z| IN0ge 0} alelisqns
[auueyd ay3 ur 18x90d Mojjeys e wouy pualxa o} ybnoua |e1 aq pue apis 1ej} JBYMaWos e sABY p|noys S10398|jap Japinoq ajbuig

‘seale |euolyisodap Ajjensn aJe sieq luiod asnesaq [auueya JaAll ay} Jo

apis Jeqjuiod 8y} uo anss| ue wop|as S uoisol3 -abieyasip [npjueq ueys ssa| Ajlensn si yalym ‘req juiod pajonisuod ayl jo UOIBAS|D
do} 8y} O3UI papua|q pue pappaquwa SiJap|noq |eulj ay| JaALI 8y} o apis ausoddo ay) Buiyaeas iun paseasoul Ajlenpelb uayy ale
[guuey-piw Jeau SUOlBA3|d Jap|nog 'Sayoul G|—g| Ueyl aiow ou Ajjensn si 1ap|noq e Jo apis Wealisumop pue wealsdn ay) uaamiaq
UOIIBA3|3 99BJINS J81BM Ul 3duataIp ay} ‘dwnl onespAy ay] “uoieas|a ||npjueq Jo %Gz IN0Je e [auueyo-piw Jeau paleao| st 1apnoq
UOIIBAS|D ISBMO| 8] "BUO SNOIAaJd By} UBY] UWIN|0D Ja1BM By} Ul Jamo| pade|d sI Japjnog Buipaadaans yoea “jueq ayl woiy payoalip si
Jaiem ayy Aem ayl pue sadeys Japjnoq uo Buipuadaq yueqgsaau Buipols ay) woly Aeme Jualind Jalem ayl S19841p pue ainjanils ayl
sA@)| Jap|noq 3si) SIY| "UOIS0J3 JUeqJaAl aininy 8anpal sdjay Jap|nog siy} puiyaq pade|d |elalew dLIge) i “UOIIBAS|3 |[NPueq 8A0qe
3} | IN0OQE Je YUBQGJBALI BY} OJUI JBP|NOQ ISJ1} BY} paquig UdALI 8y} SS0Joe yoJe Buroe) wealsdn ue Buljquasal [suueyd ay} ssoloe
paoe|d aie S1ap|noq 8y} JO IS8l 8Y| NUeQgJaAL 8y} woly a|bue ,0g—,0z e uo pade|d aie wealisdn ainlaniis ayl Jo apis yoea Hujw.ioy
S1ap|noq Maj 1s11} 8y "8AINd apisIno ayl Buoje uoisola yueqaAL 8anpaJ sdjdy 84nanJis Siy| ‘|dUUBYI 8y} 4O 81U I U] PJeMO)
SMOJJ J18A11 3081Ip pue slelqey 1noJl jo AlSI8AIp e 818819 01 [0od paleAedxa ue Jo pua Jaddn syl ie paae|d si aueA sS04 e Ajjens

Su01dLIISapP JUBLIIBAI] LOIIRI0ISaY

104 pieH

10198}48(Q
Japinog a|buis

aue) $S01)

SUEINEEY
u0iso.1a yueg

U0IS013 YueqJaAll aanpal 0} pasn sjuaweal) Japinoq jo suonduasaqg -9



1enqey

1N0J3 [BUOIIIPPE S81AID pUB 81N1INJIS SUBA Jap|noq ayj 01 Aljiqels sapiaold Japjnoq 18100} 8y Japnoq auea yaea suiebe 1ybn
pade|d pue 81eJ43SQNS [UUBYD 8y} 0Jul Pappaquwa S Jap|nog 18100} e 48p|n0oq Yaea Jo apIs WealISuMOop 8yl uQ Y | Ueyl ssa| aq pjnoys
Ajjewsou suapinoq usamiaq dwnl anespAy ay] ‘jauueya JaAl ay} SSOJI. 90z UeL) 810w pualxa Ajales saueA Jap|nog ‘ajesisqns
[auueyd a8y} aA0qge Sayaul GL-g| INoge S1sal Jap|nog [eulj Yy} pue sasealoap Japinoq paae|d Buipaadaans yoea jo uoirens|s doy ay|
‘JauuBy JBALI 8] JO 183USD By} PIBAO] SIUBLIND J8JBM 9IBLINS S108JIP pue YUue(JaAL 8y} wo.j saaibap gg-0g Inoge weatisdn swuiod
aueA Japinoq ay] ybiay ur1aay g-g pue Y g—p wouy azis ur Buibuel siapinoq padeys Jenbueloas Jnoy 01 881y3 S8SN 84N3INI1S SIY|

JALI Y} SSOJIB PaIINJISU0I S 8IN1INJIS BY] S SASealoul Jap|noq yaeas usamiaq deb ay) pue pasealaap

SI Jap|noq yoea jo uoneas|a dol ay) ‘jood pajeAeIXa 8y} Jo J83udd ay} ojul weasisumop Ajdieys saaInd uayl ‘wealls ay} Ssoloe
a9uelIsIp 8y} §/g IN0ge 10} Weatisumop saand Ajpuab ‘wealis syl SS0J0e 33UBISIP Y3} €/| IN0GE 10} JUuBgJaAL 8y} wo.f saaibap op-0g
noge jo a|bue ue Je SHeIS 84N1ONJIS JBP|N0Q Y] "WEallS aY} JO 3|ppIW 8y} PAEAO) SMO|} Ja1eM 8IE4INS 198.Ip 0} pade(d S| 8.njon.uis
8y} ul Japjnoq yoeg "smojj 1Al ybiy Bunnp weassumop Buinow wouy s1apjnoq 81n3anils ayl Juanaid s1apjnoq 181004 "84noniis
00Y-[ 8y} wJoj 01 pade|d siap|noq |[e jo wealisumop Ajpoalip paoe|d ale Siap|noq 4831004 "WeaJls ay} JO J8juadd ay} p4eMO} JU84INd
90BJINS J81eM J03[}3p 0} pade|d SIJap|nog Siy| "UOIBA3|3 [|NpjUB] BAOGE SBYdUl Z| IN0ge 18S S Jap[nog ay3 jo doj ay| yueqJanl ayl
pue Jap|nog ay} UsaMIaq |eas B SWI0} JlIge) 8Y| UBQGIBALI BY} 0JUI pAapPaqua S Jap|noq 1S4l 8y} aiaym paoe|d S| |elislew algey
ay] ‘peleAeoxa si jood ay} a1aym aAInd apisino ayl buoje siJapinoq 1s.iy ay Jo4 ayis ay| ‘Aressadau Ajiensn sijengey jood e jo
UOIIBABIXT "UOIS043 YUBQISAL PUB SBIHOO0|IA J8JBM 83NPa. 8.NJONIIS Y00y [ B Ul S1ap|noq maysily ay] syidap jood ajenbape uiejurew
sd|ay pue ‘s1elqey 1n0J} [euoflippe Saleald ‘sallid0|aA Jajem pue syidap Jalem Jo AlSIaAIp e Sa1eald os|e 1| '8|2J1d1was buioey
-weaJisdn |eiued e ul pabuesle siapjnoq Y G-¢ Buisn paleald si| ‘sieuqey jood jo pua Jaddn ay1 e paoe|d Ajjensn si ainoniis siy|

Su0dLIISapP JUBLIIBAI] LOIIRI0ISAY

(auea
$S049 J|BH)
aue\ Jap|nog

YOOH  Jap|nog

SUEINEEY!
u0iso.1a yueg

(Panunuo2) uoisoia Yueqianll 3anpal 0} pasn sjuauwneal) 1apnoq jo suonduasaq "9



‘Jap|noq ab.e| e Buisn paloyaue pue a1eJISqNs [3UURYD BY} 0IUI paLINg 8 UBI JUNJ] 8y} JO pua Wealisumop

ay} ‘Bo| pem 1001 8y} Jo aineAIna ayy uodn Buipuadaq JoA0d IN0J) pEAYIAAO [RUONIPPE SB1B8II 0S|e SIy| “Bulioyoue Janaq Joy
J1ayo yaea apisaq paose|d ag pjnoys spem 1004 oM ‘a|qissod 1aABIYAN 'PEM 1001 10 JunJ} 8yl uo pade|d siap|noq Y g-g papis-1el}
Buisn pasoyoue si ainans siy] "weasisdn uey1oo4 ayl Buioe) mojy Jaall ays o3 |ajjeded paaejd aJe yibua| uly g| < syunJy payoexne

Buiney pue 1 ¢ ueyy Jaiealb Ja1awelp uej100J B YIM Spem 100y 'sjood [auueya-piw paleAraxa Jo Bunsixa ojul page|d Jo sieuqey Spej\ 100y
unJ pue ajyui Juaipelb moj ojul paoe|d aq UBD SPEM 100. [BUURYD-PI|Al 18A0D 1N0J] PRBYJIBAO [dUURYD-pIW SapIAcid 81n1anis siy| [auueyg pIp
'Speo|

awipas ybly yym sweas-ul jo siaAl JuaipelB-ybiy Joj ajgelns 1ou siuawieal siy] ‘siapjnog padeys 1ej} abie| yum paioysue ale
sdwnig "a1eJisqns [auueyd 8yl uo Bunsal uey 1004 8yl yum sjood ui Jo sajyll pue sun juaipelb-moj ui ybudn paaejd aie sdwng “a1s
ay1 11 0119 8q ued YIBua| yuniy pue Ja1BWERIp Ul 1} § PASIXa PINOYS UBJ100J BY] UNI}I LIOYS B YUM Spem 100l Ajaiaw ale sdwnig sdwnmg

"ssauyBnoJ [auueyd |euoIppe S81BaI0 JUBLIRaI} SIY] J8A0D 1eIqeY 8pIA0.d 18U} SB11ID0[A 181BM JO SSIHISIBAIP 818319 0} 1ay1abo}
ybnoua aso|o paae|d aJe siap|nog 'S8IN1ONJIS [3UURYD-UI JBYI0 10 JaA0D Bupjae| s|auueyd 8Alae Alepuodas Joj payns siualulealy
SIy| "a@1eJisqns B[yl |aAeIh asIe0d/|[BLWS B 03Ul JBIBWEIP Ul 1 Z UBY) SS8| SIap|nog Buippaquwa saAjoAul Juawieal} uapieb yaol y uapJeg yaoy

"191SN|9 JAP[N0Q 8y} JO pua Jamo| 8y} Ul In0 [1e] e a1ealq 18x20d Jatem 1sadaap ay1 oul pase|d ag ued 1apjnoq e ‘jewiuiw aJe
S|eliglewW uawWIpas panodsuel) JaAL J| 1elgey 1n0J1 Jalem Jadaap [euoiippe apiacid 01 81eJ1SqNS [auueyd 8y} 01Ul Jadaap a1eARIXD
‘s19p|n0q WeaJnsdn 1Sow Inoj 10 884y} 8Y) WOJ) WEeaIISUMOP 181SN|D 81 JO 8|ppPIW BU1 U] "S811190[aA pue syidap 1a1em Jo AlSIaAIp e
812919 0] suoneAa|a pue Buloeds juaiayip pasu Juawabue.ie Jgisn|o e ul paoe|d siap|nog 181sn|o Jap|noq ay} Jo azis pauue|d ayy
puoAaq 188} |eJanas pualxa pjnoys 1d paleARIXa ay| ‘pPasn usaq aAeY Siap|noq uaAas 01 dn Ing s1ap|nog 8a.y3 SuILIU0D AjjeuLIou
J1aisn|o Jap[noq Y 181sn|o ayy Joj pauue|d s1ap|nog Jo Jaquinu ay} ajepowwodde o0} ybnous abie|ud padeys-jeao pazisiano abie

© 9]BARIXD ‘S1ElIQRY UNJ 10 [}II U] 'SI81SN|d 1ap|noq Joj papuawwodal aie ybiay ury ¢ inoge pue yibus| uiyy G < siapnoq Jabie] Jaisn|) Japinog

"1e3IqeY IN0J} SB aNn|eA J13y} W] pue SIap|nog Jo apIs WealISUMOop 8y} U0 JUBWIPas 81e|NWNIIL 0} pus} SPeo| Juswipas papodsuely
weans ybiy ym siaAly 1aA09 1N0J] [RUORIPPE $81B81D §|00d Ul SI9p|N0g WOPURI J0 SN PalWI "SMOJ} Wealls Jo abuel apim e ssoloe
sielqey Aloo[an Jajem pue yidap Ja1em Jo AlsIaAlp e apiaoid suoneAa|a Japinog uaiayip ay| "SMoj4 Wealls mo| Buunp Jazemiapun
Apybys 03 |Inpjueq noge usamiaq abuel pjnoys suoneaa|a dol Jap|nog ‘sayoeal unl Jo 8|1l Ul pasn aJe s1ap|noq wopuel jo Alariea

e uaypA “dn apis 1sanejy syl ade|d 1ap|noq yaea Joj iid padeys-|eA0 paziSIaN0 UB 81BABIXS 1S1I "SI8P|N0( WOPUEI JUS|[39Xa a)ew siap[nog
‘adeys Jejnbueiaas Jenbaiil ue yum pue asepns ey Alaeau auo 1ses| 1e yum ‘ybiay ur Yy ¢ pue yibus| ury g noge buipaaaxa siap|nog wopuey
sjuawea.)

suonduasap Juswieal) uoneoisay  1euqey anenby
sjejiqey jnoJ} pue anenbe jauueys-piw asueyua o) pasn syuawyeas) jo uondussaq ‘g



Appendix A Upper Arkansas River
Watershed Restoration

Detailed Information on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.1.
Reaches 1-4
in the 11-mile
reach of the
Arkansas
River below
the confluence
with California
Gulch.
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Appendix A Upper Arkansas River
Watershed Restoration
Plan and Environmental

Detailed Information on In-Stream
Restoration Activities Assessment

A.3 In-Stream Restoration Activities
Figures A.2-A.9 provide examples of the types of in-stream restoration activities that may be
employed.

Figure A.2. Elevating riffle substrate.

Figure A.3. Reducing channel width by adding fill.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Information on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.4. Creating a point bar.

Figure A.5. Add riparian vegetation.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Information on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.6. Excavate a pool.

Figure A.7. Add overhead trout cover.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Informgt_iqn on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.8. Add a riparian bench with a cobble toe.

Figure A.9. Add a riparian bench with a stone/boulder toe.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Informgt_iqn on In-Stream Plan and Environmental
Restoration Activities Assessment

A4 Bank Erosion Treatments
Figures A.10-A.18 provide examples of the types of bank erosion treatments that may be employed.

Figure A.10. Log spur.

Figure A.11. Log vane.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Informgt_iqn on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.12. River bank root wad.

Figure A.13. Horizontal parallel log.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Information on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.14. Cross vane.

Figure A.15. Half cross (boulder) vane.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Information on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.16. Boulder J hook.

Figure A.17. Hard point.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Information on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.18. Single boulder deflector.

A5 Aquatic Habitat Treatments

Figures A.19-A.23 provide examples of the types aquatic habitat treatments that may be employed.

Figure A.19. Rock garden.

Stratus Consulting SC11902




Appendix A Upper Arkansas River
Watershed Restoration

Detailed Information on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.20. Boulder cluster.

Figure A.21. Stump.
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Appendix A Upper Arkansas River
Watershed Restoration

Detailed Information on In-Stream Plan and Environmental
Restoration Activities Assessment

Figure A.22. Random boulders.

Figure A.23. Mid-channel root wad/log.
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