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Executive Summary

The Roaring Fork and CrystBiversface numerouissuesincluding loss of streamflow from tratasin
and local diversions, loss of riparian habitat #addplain due to development and urbanization, and
potential water quality impairmentOne of the most significant issues faced in the upper portion of the
Roaring Fork River is streamflow depletion. résponse to these concerfRgends of Rivers and
Renewables (FORR) and the Roaring Fork Conservancy (RFC) commissioned a study to assess the
effects of water diversion activities on streamflow in the Roaring Fork Watershed as they relate to
Instream Flow (ISF) water rights held by the Colorado Water Qeaisen Board (CWCB).

This assessmemtrovidesa clearer picture of those sections of the Roaring Fork and Crystal Rivers
particularly vulnerable to degradation of stream health from lack of streamflow and excessively warm
water temperatures. The studyraito:

1. Hel p |l ocal and state resource managers better
human and natural water systems

2. Provide scientifically credible data to inform discussions with water right holders and the local
communities designed tdentify, discuss anavhere appropriatémplement creativevater
conservatiorsolutions

3. Communicate to the public the status of river health and integrity in the Roaring Fork and Crystal
watersheds as itletes to streamflow depletion; and

4. ldentfyé6 pi nchdé points of Il ow flow in the river mos
ecological connectivity.

The assessment presented here grew from current efforts by public, private, and government stakeholders

in the greater Roaring Fork wateesd t o expl ore the way that human 6p
Streams andvers are \ial drivers of local recreatiebased economies and are critical to the high quality

of life enjoyed by area residentsefythe current demands placedwate resources in the Roaring Fork
Watershednay exceed their capacity provide importangoods and servicds both residentand

wildlife.

Two reaches werselected for this assessmaht Roaring ForlRiverthrough the City of Aspen, arah

the Crystal River from Avalanche Creek to the confluence with the RoaringA-eykioptic sampling
approach was used to characterize upstt@awwmnstream variability in streamfloas it is affected by
tributary inputs and diversion outflows. A synoptssessmergrovidesa 6 s n a posgitudinab o f
patterns in streamflowy collectingdischarge measurements at many locations, bracketing inflows and
outflows to the river, over a short time peridthe complex hydrological data generated by this
assessmetis presented ithis report inan impactful and easy toterpretformat.

Theupper Roaring ForRiverwas foundmost vulnerable to low flows in the segment located near the
City of Aspen between the Aspen Club and the confluence with Castle G@rdely, diversions depleted
incoming streamflow on th section by 80%. &veral miles othe Crystal Rivebetween Thompson

Creek and Prince Creek are particularly prone tavaiering. September flows at several locations on this
segment were so low that thevere nearly uimeasurable. These conditions persist from the mouth of
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Crystal Canyon to outlying subdivisions in Carbonddteirther investigation showed that rivegments
experiencing extremew-flow conditionsgained heat at a faster rdt@n otler segmentssometimes
achieving water temperatur es Kk-valoadtroutfishenhe detri men

Information in this assessment intends to enhance understanding of the locatiaagaitdda of human
impacts to local waterway$he Roaing Fork and Crystal River provide multiple economic, social, and
environmental values to human and wildlife communities in the Roaring Fork Watershed. Faced with the
many pressures created by growing local population, increasing Front Range demaaasbasin

supplies, anthe effects otlimate change on Rocky Mountain water yields, the challenge of managing
rivers in a way that meets the needdwian communitiegithout causing considerable impact to

ecological functions greater than ever. In order to effectively manage these resources over the long
term, relevant and timely information is required by the public at large, natural resource manaigers

rights holderspolicy makersand advocacy groups
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PurposeStatement

The Roaring Fork and CrystRiversface numeroussuesincluding loss of streamflow from tratasin
and local diversions, loss of riparian habitat and floodplain due to development and urbanization, and
potential water quality impairment froa variety of sources (Clarke et al, 2008). One of the most
significant issues faced in the upper portion of the Roaring Fork River is streamflow depléi®mn
Independence Pass Transmountain Diversion System diverts nearly 40%mfitlaéyieldn the upper
reaches of the Roaring Faik augment supplies for Front Range users (Clarke et al, 28@8itional
waterdiversionsnear the City of Aspefurther deplete streamflow &ervelocal municipal and irrigation
needsOver-appropration of water ripts on the nearby Crystal Riveroduces aystenthatfrequently

fails to fulfill existing water right allocations or meicommended flows for the maintenance of
ecological integrity A study of Crystal River irrigation diversions identified shortaggesome time

during the summer irrigation season in approximately one quarter of all yrea@<l 955 (Clarke et al,
2008). n 2012, American Rivers named the Crystal Ri v
due to the impacts that proposed damd water supply projects portend for the water(#ayierican

Rivers, 2012)Changes in climatgopulation growth accompanied gyowingconsumptiveuse needs
andanticipated synergies between changes in water quantity and water quality suggest thatgbatte
flow depletion in the Roaring Fork Watersh&il continue to be an issue of concern for many years to
come.

The 2012 Water Year brought exceptionally dry conditions to the Central Rockies region of Colorado. A
particularly thin snowpack producedrydow flow in streams and rivers throughout the region by mid
summer. Subsequent impacts to water quantity from municipal and agricultural water diversions were
particularly visible to residents or the Roaring Fork Valley as their effects were exaddsrat®ught
conditions. Accompanying changes in water quality likely exerted significant stress on the aquatic biota
treasured by local residents and relied uporobglirecreatiofbased economiel response to these
concernsFriends of Rivers and Rewables (FORR) and the Roaring Fork Conservancy (RFC)
commissioned a study to assess the effects of water diversion activities on streamflow in the Roaring Fork
Watershed as they relate to Instream Flow (ISF) water rights held by the Colorado Waterafionserv
Board (CWCB). Instream flow rights are a roonsumptive use of water that allocates a specific

minimum streamflow between two geographic points on a stream to protect ecosystem fudi®ns
commissioned study focusen the portions of the Roagrork River and Crystal River perceived most
vulnerable to devatering and extreme low flow conditions.

This assessmeiritends to provide useful informationtemd owners, water rights holders, resource
managerspolicy makersandadvocacy groupas hey strive to implement innovative conservation and
resource management solutions on the streams andaivibiess Roaring Fork watershed. This effort
sought taunderstand how variowsaterdiversions return flows, and tributariesffect the discharge of a
stream on a longitudinal (upstreamdownstream) profile. The resulting informatielucidateghe

ef fects of h uwatershedqn ktreamfiomnd godild by dxtansion, helgredict spatial
variation in aquatic commity (e.g. fsh and macroinvertebraddsealth The datapresented heralso
suggest potential streamflow gaugiogations best suited for administration of CWCB ISF Rigintshe

1 For more information about ISF water rights, see the CWCB webéipe/cwcb.state.co.us/environment/instrefom-program
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two study reaches. This directly supports the goals dRtdaing Fork Wateshed StreanGaugeNeeds
Workshopheld in April of 2012. Importantly, this assessmentist intendedasa thorough engineering
analysis of the water balance on the study readRether, this work provides foundational information
useful for targeting ahmaximizing the efficiency of those more expensive undertakinggor
facilitating dialogregardinghe effects of consumptive water use in the Roaring Fork Watershed.

Aspen, CO.
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Figure 1. Study Areas
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Study Areas

The two reacheselected for this study includg) theRoaring Fork Rivenearthe City of Aspen
extendingfrom Difficult Creek to the Airport Business Paakd?2) thelower Crystal River extending
from Avalanche Creek tiné Roaring Fork confluence neaarbondal€Figure 3. Sample sites for
streanflow measurements in each strebracketedsignificanttributaries and diversions (Tablg 1
Discharge informatin was collected at a total of nisges on the Roaring Fork and 14 sites on the
Crystal. In the CrystdRiver study reachgata were collected manually at 12 sites, whbiited States
Geological SurveyYSGS andColorado Division of Water Resourc&SWR) gauges providetivo
additional data points. On the Roaring Fork,ssigs werecollectedmanually andJSGSand CDWR
gauges providetivo additional measurement locatioriBhe number of samplcationsselected on each
reachwaslimited by the transactional cost§travel to different siteshe actual time requirei perform
each discharge measurem@mwards of two hoursand the amount afquipment angersonnel
available tgperformmeasurements.

Table 1. Streamflow observation locations on the Roaring Fork and Crystal River

Station Name Stream Latitude Longitude

USGS Gauge above Avalanche Creek Crystal 39.26016 -107.23172
USFS Boundary above Sweet Jessup Canal Crystal 39.27257 -107.22487
Red Wind Point OS Crystal 29.29029 -107.22487
Above Nettle Creek Rd Crystal 39.29721 -107.21447
Below Bane & Thomas Ditch Crystal 39.30463 -107.21304
Above Lowline Ditch Crystal 39.32619 -107.20905
Thompson Creek Open Space Crystal 39.33442 -107.20918
At Thomas Rd Crystal 39.34866 -107.20887
Pitkin-Garfield County line Crystal 39.36313 -107.20276
DWR Gauge At Fish Hatchery Crystal 39.37743 -107.20451
RVR South Bridge Crystal 39.38658 -107.20885
RVR North Bridge Crystal 39.39277 -107.21888
Above Kaiser & Sievers Ditch Crystal 39.40289 -107.22878
CRMS Bridge Crystal 39.40803 -107.22974
USGS Gauge at Stillwater RD Roaring Fork 39.18007 -106.80216
Aspen Club Roaring Fork 39.18186 -106.80962
Mill St Roaring Fork 39.19411 -106.81726
Aspen Institute Roaring Fork 39.20108 -106.82676
Cemetery Ln Roaring Fork 39.21104 -106.83991
Airport Business Park Roaring Fork 39.22207 -106.85717

Tributary creekslominateinflows to the Roaring Fork Rivestudysegmentalthoughseveral ditch
returnflows arealsoexpected t@ontributevarying rates of flow to the rivelhelargest tributaries

include Hunter Creek, Castle Creek, and Maroon Crékdadgate diversions into municipaterand
irrigation ditch systemsomprise the main outflows on this red@lable 2) Once water entersgiven
diversion system, inay return to the river or stream as groundwater or ditch rFétws or it may be
removedrom the system entirely via evaporation or transpiratiegure 2).Diversionrates vary from

one diversion point to the next, and at a single diversion point over the course of the year. Aggregated
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diversion rates on the Roaring Fork River stoglgch may vary from just a few cubic feet per second
(cfs)to well over 50cfs. Themost significant diversions of streamflow from the river between the
confluence with Difficult Creek and the City of Aspen Hre Salvation Ditch, with decreed diversin

right of 59 cfsand the Wheeler Ditch, withdecreed diversioright of 10 cfs. It is important to note that
these numbers are tdecreed ratelisted by theCDWR for a particular diversion.iey do not reflect the
actualrateof waterdiverted atle time of this effort. iese dichesweregenerallynot diverting their
decreecamounts duringhe samplingperiod. Possible reasons for diversion rates observed below decreed
amounts include: limited irrigation usage needs, time of year, available stiaam senior/junior status
within the prior appropriations system, private agreementsteamgloral constraints on the water right
and constraints from actual available stream flows in 2@&Lhorough discussion of this intseasonal
variation is beynd the scope of this repart

T . L. - N
" |Groundwater Return Flows|

W W A

Irrigation Groundwater|-~
« Return Flows

A

Y ¥ ¥ ¥ ¥V

Y YV ¥ YY Y

YN VY ¥ ¥

Carriage Consumptive Losses
(e.g., Phreatophytes,
Evaporation, Deep Percolation)

Non-crop Consumptive
Use (Evaporation on
Uncultivated Areas)

Crop Consumptive Use
(Evapotranspiration)

Figure 2. Conceptual model of the water balance on rivers subjected to water diversions for irrigation. The
thickness of the blue arrow is proportional to streamflow in the river channel. The thickness of the black line is
proportional to the rate of flow in the di  version channel (adapted from Driscoll, 2012) .

Numerous small tributaries contribute flow to the Crystal River study reach. These include: Avalanche
Creek, Potato Bill Creek, Nettle Creek, Thompson Creek, Thomas Creek, and Prince Creek. Generally,
thesetributaries drain relatively small, loglevation watersheds. With the exception of Avalanche
Creek, they contributed relatively little flow to the Crystal River during this assessment. Several
tributaries, such as Thompson Creek and Thomas Creek, enxpeflow diversion and in September and
October were nearly dry or tmeasurable at their respective confluences with the Crystal River. Major
diversions from the Crystal River aar at twelve locations (Tablg.3Decreed rates for these diversions
range from 75 cfs at the Sweet Jessup Canal down to 6 cfs at the Helms Ditch. Like the Roaring Fork,
discharge measurement locations were selected on the Crystal to bracket tributaries and diversions.
Extremely close spacing of diversions or the inabilitfirid a suitable measurement location prohibited
individual bracketing diversianand tributaries at several points along the study reach

2Formoreinbr mati on on this topic, see the Colorado Water Rights informat
http://water.state.co.us/SurfaceWater
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Table 2. Major diversions on the Roaring Fork River study reach (Source: CDWR)

Diversion Name DecreedDiversionRate(cfs)
Salvation Ditch 59

Nellie Bird Ditch 4.94

Wheeler Ditch 10

Table 3. Major diversions on the Crystal River study reach. (Source: CDWR)

Diversion Name DecreedDiversionRate (cfs)
Sweet Jessup Canal 75
East Mesa Ditch 41.8
Carbondale Ditch 41.2
Lowline Ditch 40.5
Rockford Ditch 35.2
Kaiser and Seivers Ditch 27.1
Bowles and Holland Ditch 23.8
Southard and Cavanaugh Ditch 18.1
Ella Ditch 15.1
Weaver and Leonhardy Ditch 12.4
Bane and Thomas Ditch 6
Helms Ditch 6
Methods

This assessment modeled the two study reaches under the assumpsadhiidw may only enter

from a surface tributary, and may only leave from a headgate diversion. While this assungginatdo
strictly match a natural system, it provides a useful working model to understand the effects of human
plumbing on the river systenOther natural processe
may be responsible for changes in discharge on a
particular reachlnteractions between étriver
channel and the alluvial aquifer are expected to ,
complicate formulation of an accurate water balancq
on any stream or river reach. Hydraulic head gradief
are expected to moweatertowardor away from the
channel throughdeach of thestudyarea, producing
changes in measured streamflow that cannot be
readily attributed to measured surface water
diversions or tributaries. For the purposes of this
study, the effects of groundwatsurface water

. . .. Measuring streamflow in the Roaring Fork River
interactionsare assumed to be negligible. above the City of Aspen
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Measuring Streamflow

Streamflow (or O6discharged6) data was collected on
9/5/2012, 9/18/2012, and 10/16/2012) and on three dates on the Crystal River (9/4/2012, 9/2862012,
10/20/2012)Discharge was measurathnualy using the velocitsarea methodescribed inJSGS

Techniques and MethodsAB (Turnipseed and Say&010) with a handheld Sontek FlowtracRer

Acoustic Doppler Velocimetef.o compute dischrge, a suitable stream crassction was first identified

by a ®mbination ofadesired location on the study reach, adequate channel shape, and available river

access through public riglf-ways or landowner permission. Measuring discharge using the velocity

area method is based on several assumpiiteiading unibrm flow in a downstream direction at an

ideally shaped cross sectioBeveral measurement locatiamsthe steep and rocky reaches prevalent in

the Roaring Fork and ¢stal watersheds were onlya t fairdto@oodd® measur ement | ocat i ¢
excessie turbulencewhich increasethe potential formeasurement erroEventhough channel

geometry and hydraulics at several locatipastedthe boundaries of thmethodologicahssumptions

the employment of thorough quality assurance and quality controégures ensured thdischarge

measurements provideccuratestimates of flowNo largethunderstorms were noted in the area on the

dates of samplingLocal water administrators affirmédat localdiversionswere noftfluctuatingon a

shortterm(< 1 day) basis on each of the study reachbsse conditionsupported the assumption of

static ornearstatic flow during the sampling periods.

Measuring Temperature and Specific Conductance

Threesynoptic collection®f temperatur@andspecific conductazedata occurred during the stutty

coincide with the streamflow measurememsboth study reachéRoaring Fork River9/9/2012,
9/23/2012and10/31/2012; Crystal River: 82012, 9/21/2012and 111/2012) Temperature and
temperaturecorrected spedif conductancelata were collected using &mxtech II® digital multitmeter.

The multimeter waplaced in thestreamthalweg(or center of flowuntil a visual assessment refladings

for both temperature argpecific conductancghowed that thegtabilized. These data were collected
duringclear weather over a tinperiod of 13 hours on both the Rwing Fork and Crystal. lé3ervations
were planned for clear afternoons to minimize the effeatapl changes in daytime air temperature near
dawn and duskSampling runs begaat the top okach study reach and movieda downstrean direction.
Data fromall siteswere collected over a period @pproximately 90 minutes on the RoarirglEstudy

reach and in 2:8 hourson the CrystaRiver. The observetbngitudinal temperature and specific
conductance signals may be confounded slightly by downstream heat and solute transport, the expected
diurnal fluctuations in both parameter values, and the fact that some time lag between subsequent
observatios was imvitable. Arerage solute transport rates, the rate of change in either parameter value
over the course of a day, and the average sampling lag time between observation lotaiaaspunt

for some component of the observed sigrtdésvever, the relativglrapid pace of sampling runs likely
minimized this effect. Thus, the observed profiles are taken here to be accurate representatiofs of
in-time upstreanrdownstream patterns in both parameters.

Resultsand Discussion

Roaring Fork River Streamflow
Interactions between tributary inflows and active water diversions progecsidtent longitudinal
patterngn streamflow orthe Roaring ForlRiver study reach (Figure.3Significant diversiondelow the
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Independence Pass Tunpetur at the Salvation @ih, which services areas to the northwest of Aspen,

and the Wheeler Ditch, which supplies municipal water needs. Dessgerdrights at the Salvation and

Wheeler ditches are 59 diad 10 cfs respectively. Streamflow depletions between these two points

ranged from 13 cfbservedn September 1§ 2012)to 20 cfs(observedn July 28", 2012) The

di version of 20 cfs in July r epr eesovared sighificBnllye of t h
below the confluences witBastleand Maroon eelks oneach of thdour observation datg3 able4).

The majority of water in Hunter Creekas diverted prior to joining the Roaring Forkardughouthe

observation periodilunter Creekdid not contribute significantl§o streamflow inthe Roaring Fork

River. Evidently,the majority ofthe observed streamflow the upper Roaring Fork Rivelbwnstream

of Maroon Creek wasourced from Castféreek and Maroon Creek

Feature
Name

Salvation Ditch
Wheeler Ditch

Tributary

* Hunter Creek
« Castle Creek
« Maroon Creek

Diversion

=)
=

140
@ Flow 7/25/12 | | eesecccnces
— — Flow9/5/12
120 ———- Flow9/18/12
..... Flow 10/7/12

——— ISF Right

100

®
S

Discharge (cfs)

60 —TT JI
L2 Ul s prppey sy pupepe prpey iy Apupuy pugs g ey g Sy A Py é ---------------
——————————— 1 E""""""""""i'""""'
e O S B B Sttt -!-_' s —
I S N

Distance Downstream from USGS Gauge at Difficult Creek (km)

Figure 3. Observed flowson the Roaring Fork River during the study period. Profile confirms that the most dewatered
section of the riverextendsfrom below the Salvation and Wheeler ditches to the confluence with Castle Creekhis

figure plots longitudinal changes in streamflow under the assumptiothat changes indischargeoccur at discrete locations
where the river experiencedributary inflows or diversions
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Table 4. Observed streamflowon the Roaring Fork River study reachduring three data collection campaigns in
September and October of 2012. Data collected during a July 2D pilot study also displayed.

Site Description ISF Right Observed Discharge (cfs)

(cfs) 7/25%* 9/5 9/18 10/16
Above Difficult Creek 32 11 24 26 29
Above Salvation Ditch 32 25 31 32 38
At Aspen Club 32 7.6 24 18 34
At Mill Street Bridge 32 4.7 17 19 26
At Aspen Institute 32 18 21 28 44
At Stein Park 32 71 60 55 90
At CoA WWTP 55 147 112 108 134

**Pjlot Study

During July, the Independence Pass Tunnel was actively diverting wathe Arkansas River Basin. The
aggregated effects of this diversialong with local downstream diversions produced the lowest observed
streamflow in the Roaring Fork River study reach. Late in the summer of 2@bHection of

agricultural water rights in the Grand Valley area on the Colorado Risvn as the Cameoall came

into priority, and transmountain diversions through the Independence Pass Tunnel ¢azexdly Fork
Riverflows prior tothe CameoCall varied from a low of 4.¢fs near Mill Steet in Aspento a high of

147 cfs below the combined outputs @fsfle and Maroon CregKable 4) Cessation of transmountain
diversionscoincided with measureable increases in streamtwaugh thenostde-watered reacin the

City of Aspen.

i =
e e, ; o P e

The Crystal River above Thomas Road observed on 9/24/2012. This extrem ely low flow condition effectively
eliminated upstream -downstream hydrological (and ecological) connectivity.
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Crystal River Streamflow

An intricatesystem of diversion ditches and
persistent water use needs produced a complex b
persistent patter of longitudinal streamflow on the
Crystal River (Figure 4)The two Septembesample
collection dates coincided witieavyirrigation use
pressurendlittle thunderstorm activity. Flows
ranged from 7¢fs below Avalanche Creek in early |
September to a low of 1 cfs at Thomas Road in mi :
Septembe(Table 5) The upper section of the study S
reach wa relatively unaffected by diversions and
consistently ppduced the highest streamflow.
Diversion activity below Avalanche Creek coinciden

ith | ducti in ob d st fl IIThe Crystal River completely de -watered at the end
with farge re_ uctions in observead streamtiow on all ¢ September near the Garfield -Pitkin County line.
three sampling dates

The individual influence afeveraklosely spaced tributaries anéterdiversionsbetween Thompm
Creek and th€ DPW Fish Hatcheryvas difficult to discern. Although several significant diversions
occured, river flows also increaslwithin this section The increase presumalrigsultedfrom the
effectsof severakontributingtributary waershedsunmapped ditch return flowgroundwater influx
from irrigated lands adjacent to the rivandotherpositive fluxes from the alluvial aquifdmportant
tributary creek®n the Crystal Riveinclude Potato BillCreek NettleCreek ThompsorCreek Thomas
Creek and Princ&Creek However, the majority of these creekgeriencaliversionson their upper
reaches. \sual observationof theirrespective confluences with the Crystald® suggestd thathey
contributedittle measurable surface floduring the study period

Table 5. Observed streamflowon the Crystal River study reachduring three data collection campaigns in September and
October of 2012.

. o May-Sept OctApril Discharge (cfs)
Site Description ISF (cfs) ISF (cfs) o4 022 10720
USGS Gauge ae Avalanche Creek 80 40 63 53 53
USFS Boundary ate Sweet Jessup Canal 100 60 77 68 66
At Red Wind Point Open Space 100 60 59 58 61
AboveNettle Creek Bad 100 60 29 26 38
Below Bane & Thomas Ditch 100 60 29 28 32
AboveLowline Ditch 100 60 31 24 32
At Thompson Creek Open Space 100 60 24 7 30
At Thomas Road 100 60 4 1 28
Above GarfieldPitkin County Line 100 60 12 8 33
At CDPW Fish Hatchery 100 60 14 8 42
At South Bridge in RVR 100 60 33 24 62
At North Bridge in RVR 100 60 36 21 69
Above KaisefSievers and Southait@avanaugh 100 60 44 31 70
At CRMS Bridge 100 60 28 22 56
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Dispersed influxes added a small amo
of streanflow downstreanof the
Thomas Creek confluencélows
showed no significant recovery until
below the CDPWFish Hatchery, where
a number bditch returns begato spill
unconsumed water back into the
Crystaldéds main chg
RVR subdivision flowsincreased
somewhat from additional ditch returns
Additional significant diversions
occurred in the vicinity of th€olorado
Rocky Mountain Schoatear the
confluence of the Crystal River and the
Roaring Fork River

Low flow conditions on the Crystal River below the Town of
Carbondale (Source: Eco-Flight)

Table 6. Diversions on Study Reach during September and October by reportatreamflow rate (Q) and by fraction of

total diversions in study area. (Source: provisional data provided by the CDWR)

. . Week of Week of Week of Week of Week of Week of Average
Diversion 8/20 8/27 9/11 9/24 10/15 10/19
Structure Q % Q % Q % Q % Q % Q % Q %
(cfs) | total | (cfs) | total | (cfs) | total | (cfs) | total | (cfs) | total | (cfs) | total | (cfs) | total
Sweet Jessup 31 24% | 26 18% | 26 22% | 18 16% | 8 8% 9 11% | 20 17%
East Mesa 30 23% | 29 20% | 28 24% | 28 25% | 29 30% | 29 34%| 29 26%
Bane and Thomag 0.8 1% | 2 1% 0% | 3 3% | 3 3% | 385 5% | 3 2%
Lowline 128 10%| 22 16% | 11.3 10%| 21 19% | 41 4% | 6.02 7% | 13 9%
Helms 3.6 3% | 6.5 5% 0% 4 4% 3 3% 0 0% 3 2%
Ella 6.23 5% | 95 7% | 831 7% 13 12% 9 9% 0 0% 8 6%
Bowles & Holland| 4 3% 5 4% 6 5% 4 4% | 85 9% 6 7% 6 6%
Rockford 752 6% 13 9% 12 10% | 10 9% 19 20% | 17 20% | 13 13%
Carbondale 9.2 ™% 9 6% 9 8% | 8.29 7% 0 0% 0 0% 6 4%
Weaver 4 3% 4 3% 4 3% 3 3% 0 0% 0 0% 3 2%
Southard & Cava.| 8 6% | 7 5% | 69 6% 0% | 54 6% | 6 % | 7 6%
Kaiser & Sievers | 12 9% | 85 6% | 69 6% 0% | 75 8% | 7.5 9% 8 8%

Bold datesandassociatedliversionratesmost closely reflect conditions on thel3servatiordatesfrom this study
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Figure 4. Observed flowson the Crystal River during the study period. Profile confirms that the most dewatered section
of the river exists near Thomas Road This figure plots longitudinal changes in streamflow under the assumptiothat
changes indischargeoccur at discrete |@ations wherethe river experiencestributary inflows or diversions

Near the Ha and Helms ditch, the Crystalier flows throughP i t ki n  Campsort CyeéksOpénh
Space parcelThedownstream end of this segmevaisobservechearly dry orSeptember 22. During
September, flow in thever channel near Thomas Road veagremely low. Rver sectionexhibiting
exceptionally low seamflow, or a complete lack theredfsrupthydrologicalconnectivity between
upstream and downstream reachegortantly, dry river sectiongrohibitmovement of migrating fish
during important fall spawning periods. Although analysis o$edimentation iseyondthe scope of
this study, visual observation ihd flow-depleted reaches revealkextensive fine sediment covering the
stream bottom and substrate which nagatively affecmacroinvertebrateommunitiesand may render
the stream dttom unsuitable for redd construction by trout.
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Roaring Fork River Flows: July 25th, 2012
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& . . aSON This map depicts flows in different segments of the Roaring
. @ Streamflow
ENVII’ONMI’:N'IZdI., I.I.C

Fork River near Aspen, Colorado. The thickness of the blue
line is proportional to the amount of water flowing in that ISF Right

segment of river. Observed stream flows are also indicated o 0-10 St
; . o - ; ——— Streams
Lo , in the green callout boxes. Orange circles indicate diversion © 10-18

Created By: Bill Hoblitzell points on this section of river. Their size is proportional to Ditches
Created On: 8/1/2012 the decreed diversion rate at these points. Several of the O 18-27 City Limits

ditch names are indicated for reference. O o7 - 42
Data Sources: S.K.Mason . Federal Land
Environmental, LLC; CDWR; USDA; Flows in the river increase below confluences with O 4275 Street
NRCS; and Pitkin County. tributaries such, as Castle Creek. Flows generally decrease reets

at major diversion points. The yellow band proportionally

represents the 32-cfs Instream Flow (ISF) right held by the 0 0.25 0.5 1

Miles

Colorado Water Conservation Board.

Figure 5. Roaring Fork River Pilot Study, July 25.
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Roaring Fork River Flows: September
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S K M Description Legend
& - - aSON This map depicts flows in different segments of the Roaring Streamflow
: Fork River near Aspen, Colorado. The thickness of the blue -—
ENVIi’ONMEN'I:dI.. I'I'C line is proportional to the amount of water flowing in that ISF Right
segment of river. Observed stream flows are also indicated o 0-10 Streams
d Bv: Bill Hoblitzell in the green callout boxes. Orange circles indicate diversion © 10-18
Created By: Bill Hoblitze points on this section of river. Their size is proportional to Ditches
Created On: 11/1/2012 the decreed diversion rate at these points. Several of the O 18-27 City Limits
ditch names are indicated for reference. O 27 42
Data Sources: S.K.Mason B Federal Land
Environmental, LLC; CDWR; USDA; Flows in the river increase below confluences with O 4275 Street
NRCS; and Pitkin County. tributaries such, as Castle Creek. Flows generally decrease reets
at major diversion points. The yellow band proportionally
represents the 32-cfs Instream Flow (ISF) right held by the 0 0.25 0.5 1
Colorado Water Conservation Board. Miles
Figure 6. Roaring Fork River, September 56.
19

.2;% S.K.Mason Environmental, LLC| (970) 903-7561 | skmasonenvi.com




& AN i B E I B I aaas & . e : o
Roaring Fork River Flows: September 18th, 2012
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ENVIFONMENTAL LLC line is proportional to the amount of water flowing in that ISF Right

Fork River near Aspen, Colorado. The thickness of the blue

S K M Description
& . . dSON This map depicts flows in different segments of the Roaring

segment of river. Observed stream flows are also indicated in o 0-10
) ) the green callout boxes. Orange circles indicate diversion Streams
Created By: Bill Hoblitzell points on this section of river. Their size is proportional to the O 10-18 Ditches
Created On: 11/1/2012 decreed diversion rate at these points. Several of the ditch O 18-27 L
names are indicated for reference. City Limits
Data Sources: S.K.Mason O 27 -42 Federal Land
Environmental, LLC; CDWR; USDA; Flows in the river increase below confluences with tributaries O
NRCS; and Pitkin County. such, as Castle Creek. Flows generally decrease at major 42-75 — Streets
diversion points. The yellow band proportionally represents
the 32-cfs Instream Flow (ISF) right held by the Colorado 0 0.25 0.5 1

Miles

Water Conservation Board.

Figure 7. Roaring Fork River, September 18.
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Roaring Fork River Flows: October 16th, 2012
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S I < r 1 Description Legend
& . . GSON This map depicts flows in different segments of the Roaring Streamflow
- Fork River near Aspen, Colorado. The thickness of the blue -—
ENVII’ONMEN‘IIdl.. I'I'C line is proportional to the amount of water flowing in that ISF Right
segment of river. Observed stream flows are also indicated o 0-10 Streams
d Bv: Bill Hoblitzell in the green callout boxes. Orange circles indicate diversion © 10-18
Created By: Bill Hoblitze points on this section of river. Their size is proportional to Ditches
Created On: 11/1/2012 the decreed diversion rate at these points. Several of the O 18-27 City Limits
ditch names are indicated for reference. O 27 42
Data Sources: S.K.Mason B Federal Land
Environmental, LLC; CDWR; USDA; Flows in the river increase below confluences with O 4275 Street
NRCS; and Pitkin County. tributaries such, as Castle Creek. Flows generally decrease reets
at major diversion points. The yellow band proportionally
represents the 32-cfs Instream Flow (ISF) right held by the 0 0.25 0.5 1
Colorado Water Conservation Board. Miles
Figure 8. Roaring Fork River, October 16.
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River near Carbondale, Colorado. The thickness of the blue @ Streamflow

line is proportional to the amount of water flowing in that ISF Right

S K M Description Legend
& . = dSON This map depicts flows in different segments of the Crystal

environnvental, e

segment of river. Observed stream flows are also indicated °o 0-10 Streams
. . in the green callout boxes. Orange circles indicate
Created By: Bill Hoblitzell diversion points on this section of river. Their size is O 10-18 Ditches
Created On: 11/1/2012 proportional to the decreed diversion rate at these points. O 18-27 City Limits
Several of the ditch names are indicated for reference. O 2742 y
Data Sources: S.K.Mason ) Federal Land
Environmental, LLC; CDWR; USDA; Flows in the river increase below confluences with O 42-75
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Figure 9. Crystal River, September 45.
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Crystal River Flows: September 22nd and 23rd, 2012
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Description Legend
S_K_ MaSON This map depicts flows in different segments of the Crystal
i& . River near Carbondale, Colorado. The thickness of the blue @ Streamflow
ENVII’ONMEN‘IIdI., I.I.C line is proportional to the amount of water flowing in that ISF Right
segment of river. Observed stream flows are also indicated o 0-10
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. proportional to the decreed diversion rate at these points. - o
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Figure 10. Crystal River, September 2223

2;% S.K.Mason Environmental, LLC| (970) 903-7561 | skmasonenvi.com 23




ey
Al 4
¢ O

X

o, 2

V

A ) - - - i = . ¥ J e
| Crystal River Flows: October 20th and 21st, 2012
S 5 f » TRt ] Y % - =
J -
-
i
F -
—— »”

S K M Description Legend
& . . dSON This map depicts flows in different segments of the Crystal
: River near Carbondale, Colorado. The thickness of the blue @ Streamflow
ENVII’ONMEN‘IIdI.. I'I'C line is proportional to the amount of water flowing in that ISF Right
segment of river. Observed stream flows are also indicated o 0-10
Lo . in the green callout boxes. Orange circles indicate diversion © 10-18 — Streams
Created By: Bill Hoblitzell points on this section of river. Their size is proportional to - Ditches
Created On: 11/1/2012 the decreed diversion rate at these points. Several of the O 18-27 o
ditch names are indicated for reference. City Limits
Data Sources: S.K.Mason O 27 -42
) . . . . Federal Land
Environmental, LLC; CDWR; USDA; Flows in the river increase below confluences with O 42-75
NRCS; and Pitkin County. tributaries, such as Avalanche Creek. Flows generally ) — Streets
decrease at major diversion points. The yellow band
proportionally represents the Oct.-April 60-cfs Instream Flow 0 0.5 1 2 )
(ISF) right held by the Colorado Water Conservation Board. Miles
Figure 11. Crystal River, October 20-21.
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Temperature Profiles

Water temperature directly affects the myriad biological communities residing in the water column and in
the streambedn any river or streanCritically, & water temperature increases, the amouaxyden

thatmay be dissolved in decreases. Thig turn, can place stress on fistiesand aquatic
macroinvertebratesThe Colorado Department of ParkscaWildlife (CDPW)identifies66/ F (18.9 C)

asan important temperature threshold beyond whegradation obrown troutfisheries is likely to

occur. Other species like brodkout andcutthroattrout are less heat toleradt.number of factos may

affect spatial and temporal patterns water temperatuagationsin the rate at which a stream gains heat
may be strongly related to flow; howevtrey should not be assumed to result fdrangesn

streanflow alone.

The Crystal River upstrea of the Town of Carbondale. Return flows on the west side of the river and at
the Carbondale ditch provide a cooling inflow to dewatered sections of the Crystal which are subject to
rapid heat gain.

The CDPWtemperaturghreshdd was exceeded awo locations inearly Septembewn the Crystal River.
In the most flowdepleted segmenf{between Thompson and Thomaseakg, observedemperaturem
the Crystal Rivewere relatively high during both September sampling dakes.rapid rate at which the
river absorbedeatat these locationis reflected in theelatively steeppward slopes of theemperature
profiles in the segmeriFigure ). As return flows, tributaries, arassumedyroundwater influxes
contributal to streamflowbelow ThomasCreek water temperaturesan to declineDuringthe final
round of posirrigation season observations, the shamperaturepikepreviouslyobservechear
Thomas Roadid notpersistCi t i zens participating HotSpotafer Roar i ng
Troutvolunteer monitoring progranwivw.roaringfork.org recorded multiple observations of
temperatures above the recommended standard &f &Ghe Fish Hatchery and Colorado Rocky
Mountain School (Appendi®). The highest temperatures were recorole®FC at these two locations
on the Crystal River were as follow8°F on August 12 at 6:00PM at the Fish Hatchery and°Fbh
July 12 at 200 PM at the CRMS Bridge.
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Figure 12. Observed emperatures on the Crystal River Temperaturesrise rapidly as flow decreases, peaking in the area

near Thomas Road.

The Roaring Fork study reacld notreachtemperature levels stressful to fish duramy of the three
sampling eventéFigure B). Thi s

can be |l argely

a tatamhghdr aldvation int o

the watershedHowever, prior to collection of data for this studitizens participating in the Roaring
C o n HetSpota forcTsodvslunteer monitoring progranwvivw.roaringfork.org found
temperatureat orabove the recommended standard ¢F&& the Hopkins Street Footbridgeflow-

For k

depleted section of the study reach gzt of Mill Stree{Appendix D) These observations were made
on 6/30/2012, 7/10/2012, and 7/26/20%2ctions of the river experiencing the lowest flows show the

most rapid heat gaias displayed by the slope of the longitudinal temperature prdfiibutary inflows
from Castle Creek and Maroon Crdekda visible cooling effect on streamflow the Roaring Fork

River.
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Figure 1 3. Observed temperatures on the Roaring Fork River near the City of Aspen. Low flow conditions
coincide with relatively rapid heat gain.

Specific Conductance Profiles

Specific conductanc@lsocommonlyreferred to asonductivity is a measure af a t abilify

conduct arelectricalcurrent.Conductancés a function of theoncentratiorof ionized or electrically
chargedsolids in water Measuring conduancedoes nogllow one tadifferentiate among sources
relative concentrationsf these constituentiiowever itdoesserve as asefulproxy measuremerfior

Total Dissolved Solid§éTDS). Dissolvedconstituentsnay enter rivers frora multitude of sources,
including: naturapgeologi@l weathering, urbarunoff from streets and yards, aagricutural runoff

laden with nutrients and fertilizerShe spatial variability in TD$an yield inportantinformationto
waterquality monitoringefforts as itmay relate t@hanges in land use or water management activities
High specific conductandes notan indicator by itself of poor water quality or pollution, and should not
be interpreted as such. Rather, sharp chandesgrtudinalspecific conductangerofiles may inform
targeted investigations to determine the sources and relative quantitestifuents contributing to the
overall observed pattern.
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Water in the upper Roaring FoRiver displayedrelativelylow specific comductance. Conductance
increasedvith downsteam distance as the river flowdgatough the City of Aspen (Figurelll The
observed increagmay resllt from diffuse urban runoff, stormwater drajsdirrigation return flows. A
sharp increasi conductance observéelow the confluences witiastle Creek and Maroon Creek
suggestshat these two tributaries carry relativédyge TDS loads. The water quality characteristics of
Maroon and Castle creeks proddcksproportionately large impacts on the overall water quality
characteristics of the Roaring Fdrkver because the streamflow contributions from the two creeks
represateda large fraction of the total streamflow in the Roaring Fork below the City of Aspen
ElevatedTDS concentrations thesdributary streams is likely related to natural geological weathering
asboth tributary watersheds are relatively undeveloped
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Figure 14. Observed specific conductance profiles on the Roaring Fork River.
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Specific conductanceemainedelatively constant in the upper section of @rgstal River study reach,
decreasingslowly through thenostdewateregection on theeach(Figure B). This pattern may be
explained by th@ossibilitythat a large fraction of the streamflow in the Crystal River below Thompson
Creek is contributed from tributaries groundwater from the alluvial aquifexhibitingrelatively low
specific comductance values. Conductamoselower on theaiver where flowswverelikely affected by
bothgroundwateinfluxesandirrigation diversion return flowsA seasonal trend wavident from early
September to later in the falBpecific conductandacreagdthrough September to its highest levels in
late October.Specific conductande generally inversely related to streamflow (eligsolved solids are
more concentrate@hen streamflow is low) As the amount ovater diverted from the Crystal River
decreaseth October streamflows in the river channel increased at each observation location.
Surprisingly specific conductance alsacreased an unexpected trendVithout more observatiorts
characterize inteannual and inteseasonal variabilityit is difficult to make many conclusions regarding
this pattern However, an early snowstorm and subsequent runoff from snodvmeith is expected to
exhibit elevated conductance valdesay have played an important role.
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Figure 15. Observed specific conductance profile on the Crystal River.
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Implications and Future Directions

This workprovidesa clearer picture of those sections of the Roaring Fork and Crystal Rivers particularly
vulnerable to degradation of stream health from lack of streamflow aedsixely warm wer
temperatures. The study aitos

5. Hel p | ocal and state resource managers better
human and natural water systems

6. Provide scientifically credible data to inform discussions with water hglters and the local
communities designed to identify, discuss,axldere appropriatémplement creativevater
conservatiorsolutions

7. Communicate to the public the status of river health and integrity in the Roaring Fork and Crystal
watersheds as itlates to streamflow depletiand ISF rightsand

8. ldentify 6épinché points of | ow flow in the riwv
ecological connectivity.

The Roaring Fork River near the City of Aspen and the Lower Crystal River are understood to be
particularly vulnerable to streamflow depletion. The most ftiepleted segment of the Roaring Fork

River in the fall of 2012 was found between the Salvationvdhdeler ditches and the confluence with
Castle Creek. The patterns in longitudinal streamflow observed during the study presented here may are
probably typical during any dry year when upstream diversion rights are exercised upstream. However,
no regularstreamflow monitoring exists on this segment to accurately document the frequency or
magnitude of thieccurrencer effectively administer the CWCB ISF right on this section of river. The
segment of the lower Crystal River between the Ella and CarbdRdaldord ditches encompasses the
most flowdepletal section of this river. Neaiomplete dewatering of the stream channel was observed
through much of September at Thomas Road and near the Garfield/Pitkin County line. This section is
likely vulnerable tasimilar low streamflow conditions in most dry years. The nearest streamflow
monitoring site able to document these events is located several miles downstream at the CDPW Fish
Hatchery. This streamflow gauge does not fully capture the severity of floetidepbn the Crystal

River because it is located below several irrigation return flows, which increase streamflow in the river
channel. As determined in this assessment, moreiftgpaired reaches exist upstream of this location.
These could provide mordeal locations for a stream gauge site intended to monitefiéewconditions

and corresponding water quality characteristics.

Dewatered rivers can negatively impact aquatic communities like trout fisheries (an important economic
dri ver of idmhndusty)raedaetreatianal amenities that support the exceptional apfality

life valued by local residents. A recent study published by the Northwestern Colorado Council of
Governments title@Vater and Economies of Headwaters Couriizdey and Foest Inc., 20129

credited boatindpbased activitiesvith $1.1 million in totaleconomidmpactsin Pitkin Countyalone

According to this reporsevenColorado River Watershdteadwaters countig¢scluding Pitkin County)
generate a combinekl 80 million each year from fishingelated activities. This study also recognized
proximity to healthy natural settings and wildlife as an important and extremely valuable but un
guantified(in economic termsgharacteristiof the regionLocal communities receive merous goods

and services from functioning natural systems including clean drinking water, increased natural storage
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and flood attenuation provided by intact floodplains and riparian zones, and viable wildlife communities
upon which industries like fishingnd recreation depend@hus changes in the functional characteristics

of local streams and rivers may portend shifts in the qualitife enjoyed by local residengadin the
economic foundations supporting many local communities.

Dewatered sectio n of the Crystal River above the Town of Carbondale. Without much flow, these segments
experienced rapid heat gain du ring late summer and fall days.

The importance of instream flows to local economies and biological communities is increasingly
recognized The Roaring Fork Conservancy, with support from Pitkin Cgurgcently published a study

of water conservationptions intendetb enhancenstream flows (Driscoll, 2012). The Colorado Water
Trust launched an intensive effort to utilize short termitggr water rights in 2012, a power authorized
by the state legislature in response to a severe drought in 2002. To date, no leases in either the Crystal or
Upper Roaring Fork have been utilized, but potential exists for this policy instrumentsteardlows.

Pitkin Countyrecentlyergaged the use o€reative and innovative policy instruments to increase instream
flows in the Roaring Fork River by entering into a trust agreeeentilize water from the Stapleton
Brothers Ditch for instream flowsndower Maroon Creek and the Roaring Fork. More agreements like
these may be beneficial in the futurebtaister flows orother stream reaches in the Roaring Fork
WatershedThe data and analysis provided in this report can supyiare efforts to idenify, evaluate,

and execute action platergetingwater conservatioimprovements

It is unclear to what extefdw streamflowissues in the Crystal River and Roaring Faiker can be

solved Leasing programs show promise to benefit instriéaws, but can add yet another layer of

complexity to an alreadgomplicated framework for resource management. Additionally, climate change

brings uncertain impacts to precipitation and kbexgn basin yields in Colorado and the southern

Rockies. Colamd 0 6 s CI i ma Ri¢ter, 20O T)idemtifred daullieat thaw and snowmelt, and lower

late summeand fall streanflows, as likely effects otheSt at e6s wat er sheds. I n sh
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experiencanany more years exhibig low flow conditionslike thoseobserved irR002 and2012. Itis

hoped that information from this assessnterips toempower intelligent decisiemaking regarding the

areabs water resources. | f the cultural, economi c
systems are orthy of preserving, these pressing water issues should be proactively addressed.
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Appendix A:

Data Summary



The following tables summarize the streamflow, temperature, and specific conductance measurements collected on thekRoatiGgyStal Rivers during this
study. Streamflow (Q) measurements were made using a Sontek FlowTracker®rartmo the USGS methods describedlaynipseed and Sauer(2010).
Temperaturand specific conductanceeasurements were made using a handheld Ext&didital multimeterplaced in the thalweg until readings stabilized.

Table 1 Roaring Fork study reachtreanflow data simmary

. I Pilot Study Run 1 Run 2 Run 3 |
Site Description
Date Time Q(cf9) Date Time Q(cf9) Date Time Q(cf9) Date Time Q(cf9)
AboveDifficult Creek 7125 8:00 11 9/5 12:00 24 9/18 12:00 26 10/16 12:.00 29
AboveSalvation Ditch 7125 8:00 25 9/5 12:00 31 9/18 12:00 32 10/16 12:.00 38
At Aspen Club 7125 9:00 7.6 9/5 16:00 24 9/18 15:30 18 10/16 15:45 34
At Mill Street Bridge 7127 6:15 4.7 9/6 12:15 17 9/18 13:30 19 10/16 14:30 26
At Aspen Institute 7/25  13:45 18 9/6 10:30 21 9/18 11:30 28 10/16 13:00 44
At Stein Park 7/25 15:15 71 9/5 18:30 60 9/18 9:00 55 10/16 11:30 90
At CoA VWTP 7/25 8:00 147 9/5 12:00 112 9/18 10:00 108 10/16 12:00 134

Table 2 Crystd River study reach, streamflow datamsmary

Site Description Run 1 Run 2 Run'3
Date Time Q(cf9) Date Time Q(cf9) Date Time Q(cf9)
AboveAvalanche Creek 9/4 12:00 63 9/22 12:00 53 10/20 12:00 53
AboveSweet Jessup Canal 9/4 17:00 77 9/22 7:00 68 10/20 8:30 66
At Red Wind Point Open Space 9/4 15:00 59 9/22 8:30 58 10/20 9:45 61
AboveNettle Creek Road 9/5 8:30 29 9/22 10:00 26 10/20 10:30 38
BelowBane & Thomas Ditch 9/5 10:00 29 9/22 12:45 28 10/20 11:15 32
AboveLowline Ditch 9/4 13:00 31 9/22 14:00 24 10/20 12:30 32
At Pitkin Co. open space 9/4 11:00 24 9/22 15:15 7 10/20 1:45 30
At Thomas Road 9/4 9:30 4 9/22 17:00 1 10/20 2:00 28
AboveCounty Line 9/4 8:00 12 9/23 7:30 8 10/20 3:15 33
At Fish Hatchery 9/3 12:00 14 9/23 12:00 8 10/21 12:00 42
At South Bridge in RVR 9/3 19:30 33 9/23 10:30 24 10/20 4:30 62
At North Bridge in RVR 9/3 17:30 36 9/23 9:00 21 10/20 5:45 69
AboveKaiserSievers Ditch 9/3 15:00 44 9/23 12:00 31 10/21 8:00 70
At CRMS Bridge 9/3 13:30 28 9/23 13:00 22 10/21 9:15 56




Table 3 Temperature datausnmary

Afternoon Stream Temperaturegx C

Roaring Fork 9/9 9/23 10/31 Crystal 9/7 9/21 11/1
North Star, Upper 56 47 39 USGSaugeaboveAvalanche Creek 62 53 41
North Star, Stillwater 56 48 38 USFS BoundaapoveSweet Jessup Canal 63 53 42
Aspen Glb 57 49 39 Red Wind Point fen Space 62 54 42
Neale Ave 59 50 41 AboveNettle Creek Rad 63 55 43
Mill Street 60 51 42 Below Bane & Thomas Ditch 63 56 43
Aspen Institute 61 53 44 Abovelowline Ditch 65 58 44
Above Catle Creek 62 53 44 Thompson Creek Open Space 67 62 45
Below Castle 1@ek 59 51 44 Thomas Bad 71 66 46
Cemetentane 59 51 44 PitkinGarfield County Line 67 63 47
AboveMaroon Creek 59 51 44 DWRGaugeFish Hatcher 65 62 48
Below Maroon Creek 58 51 43 RVR South Bridge 63 62 49
Airport Business Park 58 51 43 RVR North Bridge 67 65 51

Kaiser & Sievers Ditch 68 65 50

CRMS Bridge 69 66 50

Confluencen/ Roaring Fork 68 66 51




Table 4. Specific conductance data summary

{LISOATAO {LISOATAO

02y RdzOUI yOS

Roaring Fork 9/9 9/23 10/31 Crystal 9/9 9/21 11/1
North Star, Upper 96 92 90.7 USGSaugeaboveAvalanche Creek 582 607 696
USFS Boundary abo8sveet Jessup
North Star, Stillwater 96 90 84.8 Canal 581 596 679
Aspen Club 96 95 88 Red Wind Point @en Space 584 603 681
Neale Ave 104 106 96.7 Above Nettle Creek Road 587 603 677
Mill Street 111 127 119 BelowBane & Thomas Ditch 563 597 660
Aspen Institute 198 215 184 AbovelLowline Ditch 564 610 655
Above Castl€reek 215 236 199 Thompson Creek Open Space 558 587 619
Below Castle @ek 325 333 282 Thomas Bad 548 563 637
Cemetery hne 361 382 366 PitkinGarfield County Line 520 521 627
AboveMaroon Creek 366 387 367 DWRGaugeFish Hatcher 556 567 636
Below Maroon Creek 397 422 405 RVR South Bridge 593 600 638
Airport Business Park 419 445 436 RVR North Bridge 572 585 627
Kaiser & Sievers Ditch 616 639 646
CRMS Bridge 609 621 643
Confluencewn/ Roaring Fork 618 615 649




Appendix B:

Crystal River Diversion Structure Photos



The following includes photographs of the major diversion structures in the study area ahe

Crystal River, including GPS location information gathered from the CDWR online web portal
(http://water.state.co.us/DataMaps). The decreed right is provided from CDWR and should be
understood as the maximum amount of water apportioned; it does not far that the full right is

being diverted at any given time throughout the year. The amount of water diverted into a ditch

can change constantly with a variety of factors. A few of these include: current usage needs, time of
year, available stream waterand senior/junior status within the prior appropriations system.

Diversion structure information here is ordered parallel to the study reach, starting with the most
upstream structure and proceeding in a downstream direction towards the Roaring Fork.

Structure:  Sweet Jessup Canal
Decreed Rate: 75 cfs

GPS:UTM 308048 4349399
Water Right Owner: Sue Rodgers

Structure: East Mesa Ditch

Decreed Rate:41.8cfs

GPS:UTM 308941 4351737

Water Right Owner: Thomas H. Harvey




