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TAOSXKIVALLEWATERMASTERLANEXECUTIVBUMMARY

Glorieta Geoscience, Inc. (GGI) and Dennis Engineering Company (DEC) have conducted a geohydrologic
analysis of the Phoenix Spring and Lake Fork drainage basin (Figure ES1), and an engineering analysis of
the Village of TaoSkiValley(VTSV) watedistribution system, respectively.

1 Thegoalof the geohydrologynvestigatiorwasto evaluatesourcesandtiming of rechargeto the
PhoenixSpringComplexanddevelopa methodologyfor estimatingfuture minimumspringflows
basedon historicdata.

1 The focus of the engineering analysis was to evaluate the water distribution system, current and
projected system demand and related infrastructure to recommend improvements to provide
VTSWvith amorereliable water distributiorsystem.

1 The overarching goal of the two studies was to evaluate the ability of VTSV to meet future water
demands, especially during periods of peak use around the winter holidays and spring break, given
natural (springflow) andengineering(distribution system)constraints.

The primary conclusions of this investigation are presented below. The detailed analysis, methodologies,
andconclusionsare presentedin the attached report§rom GGl andEC.

HYDROLOGWDWATERSUPPLBIJMMARY GGREPOR)T
The Phoenix Spring Complex discharges at a bedrock constriction, which reduces cross sectional area of
the aquifer in glacial deposits. A Y 1 SNJ LINBOA LA Gl GA2Y O2y G NARO6dziSa dppn
balancecomingfrom (primarilymonsoonalyainfall. Tritiumisotopedatafrom Phoenixandother springs
in the area showmodern rechargéwater dischargingrom springsisless tharp 1 yearsold).

Based on metering data collected by VTSV over the past eight years from the Phoenix Spring Complex,
analysis of data from the Powderhorn Snotel site from 2010 to 2021, and analysis of data from the USGS
RioHondoat Valdezgagefrom 1934to 2021,the followingare minimumflows predictedfor the Phoenix

Spring Complex:

1 Thelowest projected monthly averageflow is 144 gallonsper minute (gpm), equivalentto 207,360
gallonsper day(gpd)

1 Thelowestprojectedp Tt Raveagespringflow is 126 gpm/181,440gpd

 Thelowestmonthly averageflow will likely occurin March, whereasthe lowestp Tt Ralvetage
flow mayoccur in Marchor April

Thesevaluesdo not includeflow from the GunsiteSpring whichis alsoa permitted point of diversionfor
VTSV Flowsweremeasureddy VTS\rom GunsiteSpringduring SummerandearlyFallof 2019and2020,
and have been measured weekly by GGI beginning in February, R0&ag the period of weekly flow
measurements, Gunsite spring dischargegeah from a low of 30 gpm (43,200 gpd) in late March and
earlyApril toamaximum o0f300gpm(430,200gpd)in August,2021.

It is extremely important that the Village continue to carefully monitor (meter) flows from the Phoenix
SpringLLComplexjncludingtrackingthe timing andduration of bypassflows, andrevisitthe baselineflow
evaluation every 5 yearsrojections of future water supply should be adjusted as appropriate to
incorporate continuedandimproveddatacollection.

ExecutivesummaryPagel
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Ongoingstatewidewater supplyandclimatechangestudiesbeingconductedby variousstate agencies
havefound that:

1. Inthelast20yearsthere areonly 5 yearswhere NM hasnot beenin droughtconditions

2. Atpresent, NMisinthe deepestdroughtin the last20years

3. Inthelast4 decadestemperatureshaverisenandprecipitationhasremainedaboutthe same
{GFrGSmegARS
It will getwarmerin NM asCQ concentrationsn the atmosphereincrease
Therewill be decreasedsnowpackout morewinter precipitationin the NorthernMountains
Snowpaclandstreamflowwill decrease
Snowwill melt earlierandthere will be lessrunoff

No gk

Toaccommodatepotential reductionsin springflows arisingfrom climatechange an annualreductionin
springflows of 0.5%peryearwasappliedto the projectedvaluespresentedaboveoveraHn p 1t $I&nning

horizon.L Yy O2 N1 N} GAy3 (GKAA Of AYFNGSmAYRddzOSR Ff2¢ NBRAzO
valuesfor discharge fronthe PhoenixSpringComplexhat shouldbe usedfor planningpurposes:

Minimum monthly averageflow: 126 gpm/ 182,000gpd
Minimump MR & Ho@SINdgah§ 159,000gpd

Applying a 0.5% per year reduction to the measured flow from the Gunsite Spring results in projected
minimum flows of 26 gpm / 38,000 gpAdditional data collection is required to confirm the Gunsite
Spring mininmm flows. If connected to the VTSV system, the Gunsite Spring has the potential to
compensate for most or all of the declines in Phoenix Spring flow arising from the effects of climate
change.

WATEADEMANDANDINFRASTRUCTUREEDSDEGREPOR)T
The Water Service Area is a defined term referencing that portion of the Village which is serviced by the
municipal water systenmrhis area and the corresponding 2019 Metered Gallons establish the Base Line
documentation of usage within the VillageigureES2 shows the VTSV municipal water service area, as
well as those portions of the Village which are not served, and delineates usage by zone and type of
dwelling. This is the basis for evaluating existing water consumption, and from which projected growth
and future usage are deriveds part of that projected growth, it is assumed that water service will be
provided to Amizette in addition to growth in the existing Water Service Akedetailed assessment of
baseline conditions and growth projectionscan be foundin the DECWater MasterPlan Technical
Memorandum¢ Appendix E: TSVI Baseline and Estimated Future Demand, and a summary is provided
herein TableES1.

Peaksystemdemandtypicallyoccursin DecembethroughMarchof eachyear,with the greatestdemand

in JanuaryVTSV metered records indicate that, during periods of peak demand, unaccounted water is

74% meaningthat systemcustomersonly utilize approximately26%of the water meteredat the Phoenix

Spring chlorination stationApproximali St @ yn>Xnnn 3LIRI 2N cmxx 2F &
between thechlorinationstationandthe 250,000gallonW DNB Ky | Q @

The demand analysis, combined with the future water supply projection outlined in the GGI report,
indicatethat if no improvementsare madeto the water distribution system supplycouldpotentiallybe

ExecutivesSummaryPage2
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Table9 { mBmsélineandestimatedfuture 0 H p T Waer dsidiandandwater supply.

Water Base
Service | Existing| Village& | Amizette | Amizette

Growth Scenario:| Baseline| +20% | Kachina | (existing) | (expansion)
LandUseAssumption(seenote A)
SingleFamilyHomes 103 T 106 21 41
Hotels 108 I 78 90 I
adztf GATNCI YAT @ 276 Tt 323 36 T
TotalLodgingUnits 487 T 507 147 41
TotalmMCumulativelUnits 487 487 994 1,141 1,182
b2y nwS aSpae&SFYi A | § 155,272 Tt 50,300 Tt Tt
Cumulative(SF) 155,272 | 155,272| 205,572 | 205,572 205,572
Water Demand('000gal) (seenote B)
Baseling2019data) 1,553 I I 1Lt T
Growth T 311 1,749 223 56
TotalDemand(Cumulative) 1,553 1,863 3,612 3,835 3,891
Water CapacityScenariog'000gal) (seenote C)
1. CurrentCapacityw/75% leakage 1,599 1,599 1,599 1,599 1,599
Surplus/(Shortfally thousandgallons 46 (264) (2,013) (2,236) (2,292)
Surplus/(Shortfallj©be 3% TTMME] TIpCiy TUpYyiz TTp da’z
2.50%leakage+ 12.5%climate loss 2,812 2,812 2,812 2,812 2,812
Surplus/(Shortfally thousandgallons | 1,259 949 (800) (1,023) (1,079)
Surplus/(Shortfalj© 81% 51% TOH W]  TUH T:? TUH Y33
3. 35%leakage+ 12.5%climate loss 3,656 3,656 3,656 3,656 3,656
Surplus/(Shortfally thousandgallons | 2,103 1,793 44 (179 (235)
Surplus/(Shortfalj© 135% 96% 1% T P2 T C32
4. 25%leakaget 12.5%climate loss 4,218 4,218 4,218 4,218 4,218
Surplus/(Shortfally thousandgallons | 2,665 2,355 606 383 327
Surplus/(Shortfallj%e 172% 126% 17% 10% 8%

(A) SeeFigure9 { DandUseAssumptiorscheduléefor details.

(B) Based on 2019 data from VTSV with reductions for Pizza Shack, Terry Sports, Phoenix Grill leak
FNB y2ynNBOdzZNNA y 3

FYR | 2GSt
projection.

{Go

. SNY I NR

g KA OK

(C) Climatechangeis assumedo reducewater capacityby 2 Y S mpéreehtE5%)annuallyfor a
12.5%oss over thenext 25years.

ExecutivesSummaryPage3
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insufficient to meet existing demand in 2022, if in 2022 the Phoenix Springs Complex has historically low
flows (equivalentto the lowestprojectedflow from the GGlreport). If noimprovementsare madeto the
distribution system to reduce line losses, then it will be impossible to demonstrate that water will be
availablefor anyfuture development,ncludingextendingserviceto Amizette. If, however,systemlosses
arereducedto 25%(areasonableput still relativelyhighnumber),then the water useprojectionsindicate

the VTSV system will be able to provide water for all proposed future development in the Base Area,
Kachina Village, and Amizette, with an estima88d surplus at full build oufhis projection takes into
account a 20% increase in visitations/occupancy (relative to 2019 values), a 0.5% per year decline in flow
from the Phoenix Springs Complex (relative to the lowest projected flow value), and does not include
connectingGunsite Springp the VTS\system.

Asthese numbers indicate, it is critical that VTSV undertake immediate action to reduce water losses in
the systemto ensurethat sufficientsupplyis availableto meetexistingand projectedfuture demand.

RECOMMENDEACTIONPLAN

1 Continueto carefullymonitor (meter) flows from the PhoenixSpringsComplex,includingthe
timing andduration of bypass flows.

{1 Continueto recordflowsfrom the GunsiteSpring.

1 Reuvisitthe baselineflow evaluationevery5 yearsand adjustthe projectionsasappropriateto
incorporateongoingandimprovedspringflow data.

f  Bringthe Kachinavatertank2 y 1t ankl gbihectit to the system.

1 Isolatelocationsand extent of water losses

0 Replace the mechanical inlet and outlet meters at the Green Tank with electromagnetic
flow meters and install in separate vaults to ensure manufacturer clear distances are
satisfied.This will confirm the extent of water loss between the chlorination sta@énd
the Green tank.

o Install master meters at strategic locations in the system (delineated in the DEC report)
to isolate specific segments of the distribution and pinpoint where water losses are
occurring.

o Targetmeterinstallation bysummerof 2022(prior to 2022/2023peakdemand)

1 Replacdeakingwater lines: Futureline replacementrojectsshouldfocuson areasof maximum
waterloss agletermined fromthe mastermetering program.

§ Evaluateareaswheren 1t A wateiftnainsare utilizedfor fire protectionto determineif theselines
are adequateto providefire protection,andreplace thesdines ifthey are not.

1 Replacall galvanizedvater linesin the systemwith adequatelysizedductileiron water lines.

1 Replacall customermetersandbeginameterreplacementrogramto ensurethat all customer
metersare scheduledo be replaced prioito the end of their servicelife.

ExecutivesSummaryPaged
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Figure ES-2. VTSWVater Study:ResidentiaLandUse Assumptions

TotalSingle Family Residentialz4 units
Water ServiceArea*

SingleFamilyResidential 103 units
Residentia¥one 71
Commercial/Busines®ne 32

Amizette

SingleFamilyResidential 21 units
Residentiakone 7
Commercial/Busines®ne 14

TotalHotelUnits: 198units

Water ServiceArea*

Hotel: 108 units
BlakeHotel 80
AlpineSuites 24
BrownellChalets 4

Amizette

Hotel: 90units
Amizettelnn 12
Columbinelnn 36
AustingHaus 23
Cot t hoohges 4
Cottam MountainCabin 1
Cottam MountainHouse 4

TaosMountain Lodge 10

TotalMulti-Family: 312units

Water ServiceArea*

Multi-Family: 276units
Edelweiss.odge 30
KandahaCondos 27
LakeFork Condos 13
PowderhornCondos 15
RioHondo Condos 22
St.BernardCondos 18
St. Moritz Condos 8
Sierradel SolCondos 32
Snakedanc€ondos 33
SnowBearCondos 12
TwiningCondos 20
Wheeler PeakCondos 25
BavariarChalets 6
AlsRun 3
TSVHousing(3 homes) 12

Amizette

Multi-Family: 36 units
Innat TaosValley 28
StreamSide 8

*WaterServicAreasbasedipor2019baseline
water meter data provided by the Village and
excludefacilitieshathavdbeernsubsequently
addedor takenoffling(e.gHotelSt.Bernard,
BlakePenthousemndResidenceBjzzaShack

and Terry Sports), base village homes on well
waterandthe AmizetteareaoftheVillage.

ZonMnmerciaI/Businesﬁ Core VillageZone

] Commercial/BusinessKachina
[ ] ResidentiaZone
[ | Farming& Agriculture Zone
B SpecialUse
Not Zoned
Bl Structure
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ACRONYMSNDABBREVIATIONS

cfs cubicfeet per second

CS ChlorinationStation

DWB Drinking Water Bureau (NMED)

GGl GlorietaGeosciencenc.

gpd gallonsper day

gpm gallonsper minute

LRE LeonardRiceEngineersinc.

MGD Million gallonsper day

NMBGMR New Mexico Bureau of Geology and Mineral Resources
NMED NewMexicoEnvironmentDepartment

SNOTEL SNOwpack TELemetry
stddev Standard Deviation

SWE SnowWaterEquivalent

TSVI TaosSkiValleylncorporated

VTSV Villageof TaosSkiValley

WY WaterYear(Octoberl to September 30)

UNITCONVERSIONS

Multiply By ToGet Ruleof thumb conversions
gpm 1440 gpd 1gpm=1440gpd

gpd 0.000694 gpm

cfs 449.23 gpm 1 cfs~ 450gpm

gpm 0.0022 cfs

cfs 646,891 gpd 1 cfs~650,000gpd

gpd 1.55x10"¢ cfs
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EXECUTIVEUMMARY

Taos Ski Valley, Inc. (TSVI) and the Village of Taos Ski Valley (VTSV) have undertaken a water master
planning effort to quantify future water supply needs and the water available to meet those néeis.

report has ben prepared by Glorieta Geoscience, Inc. (GGI) as part of the larger water master planning

effort and summarizes the results of efforts to quantify current and projected water supply from the
ALINAY3IE GKFG T NB OdzNNBy (t &l witdt Supply Ahe fata h8uded indtest S & 2 d
report build on previous studies of the geology and hydrology of the Taos Ski Valley area conducted by

GGl on behalf of both VTSV and TSVI, copies of which are included as appendices to thiSheport.
previousstudies found:

o Phoenix spring discharges at a bedrock constriction, which reduces cross sectional area
of the aquiferin glacial deposits

0 Winterprecipitationcontributesd p p tof ngchargeto springswith the balancecoming
from (primarily monsoonaljainfall

o Tritium isotope data from Phoenix and other springs in the area show modern recharge
(waterdischargingrom springss less thamp 11 pmearsold)

0 ThelLakeForkofthe RioHondoisagainingstreamreach,andgainsapproximatey 3 cubic
feet per second (cfs) or 1,950,000 gallons per day (gpd) from Phoenix Spring to the East
Forkconfluenceduring lowflow conditions

Data and conclusions from these previous studies are updated here with more recent spring flow metering
data and additional analyses of the relationships between snow pack, precipitation, stream flows, and
spring dischargeThese relationships are used pooject minimum anticipated future spring flows for
utilizationasa planningtool by VTSV.

Metered spring flow data, provided by VTSV, are available for the period from February 2014 to April
2021. Thelowestmonthly averageflowsoccurduring March,whendemandin VTS\istypicallyhigh,and
in April. Fromthe availablemeter data:

1 Thelowest recorded monthly averageflow was 158 gallonsper minute (gpm, equivalentto
227,520gallonsper day[gpd]) in March2021
§  Thelowestrecordedp Tt Rakegagelow was140gpm/201,600ypdfrom April 11to April 15,2014

Stream flow records are available for the Rio Hondo from 1935 to 208ihg relationships between
springflowsandRioHondoflowsthat were establishediuringevaluationof the data, historicspringflows
are extrapolatedfor this entire period. Fromthe projectedspring flowdata:

1 Thelowestprojectedmonthly averagdlow is 144gpm/207,360gpd
 thelowestprojectedp T Ravedagespringflow is 126gpm/181,440gpd

These values are conservative to take into account the uncertainties associated with the relatively short
period of spring flow meter data and incomplete records of when the Side Spring and Schreiber Spring
were being metered.

Thesevaluesdo not includeflow from the GunsiteSpring whichis apermitted point of diversionfor VTSV.
Flows were measured by VTSV from Gunsite Spring during Summer and early Fall of 2019 and 2020, and
have been measuredweekly by GGlbeginningin February,2021.During the period of weekly flow

iv
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measurements, Gunsite spring discharge ranged from a low of 30 gpm (43,200 gpd) in late March and
earlyApril toamaximum of300gpm(430,200gpd)as ofAugustl9,2021.

Ongoingstatewidewater planningstudiessuggest that climatechangeimpactsin the VTS\planningarea

will likelyincludeincreasingemperatures,decreasegnowpackandearlierrunoff, all of whichmayaffect

the quantity and timing of discharge from the Phoenix Springs Complex and Gunsite $prangount

for the potential future decrease in spring flows arising from climate change, the projected low flow values
were further reduced by0.5%peryearfora25m & S I NJ péfiddy y A y 3

Basedon the findingsof this study, GGIrecommendshe following:

1. For planning purposes, a mmum monthly average flow of 126 gpm / 182,000 gpd and a
minimum p Tt Rave@ageflow of 111gpm/ 159,000gpd shouldbe usedfor the PhoenixSprings
Complex.These values incorporate a 0.5% per year decrease in spring flows attributable to
effectsof climate change.

2. Continue metering flows from the Phoenix Springs complex, including improved record keeping
regardingwhenthe SideSpringand SchreibeiSpringare turnedin to the chlorinationstationand
whenthey arebypassinghe chlorinationstationmeters.

3. Installmeterson the bypassipelinesandrecordbypasslowsto allowfor a full accountingof all
spring discharge, including high flows, that are not currently meteféds metering will allow
for better correlation of snowpack (snow water equivalent) to spring flows and could provide a
usefulfuture planningtool to allowfor earlywarningof upcomingperiodsof low springdischarge
basedon snowwater equivalent.

4. Continue monitoring Gunsite Spring flows to better constrain the range of flows that can be
expectedfrom this source.

5. Reuvisit the baseline flow evaluation every 5 years and adjwsiptbjections as appropriate to
incorporate continued and improved data collectiofhe current projections include several
assumptions to keep the estimates conservative for planning purposes. Continued collection and
NEnS@I tdz GA2Yy 2 ProjactkdSflowRdstiinates doAbe adjudtetl ip2od down, as
appropriate, toassistin ongoingplanningefforts.

a. OnceGunsiteSpringflowsarebetter understood,t maybe advisabldor VTSMo consider
connectingGunsiteSpringto the municipaldistribution system.

6. Implement policies and practices to reduce the impacts of climate change, including continuing
efforts to reduce C@emissions, increasing available water storage, reducing distribution system
lossescontinuingforestmanagemenprojects, maximizingsnowmakingefforts, andinvestigating
Of 2dzRpr&eStR A y 3
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1 INTRODUCTION

The Village of Taos Ski Valley (VTSV/the Village) utilizes water from the Phoenix Springs Complex, which
includesthe PhoenixSpringandtwo nearbyhydrologicallyconnectedspringsdo W {{ ALBNGANIB{QO K NB A 6 S NJ
{LINAY3IQ0O a AGa a2 teSsuppl2WwambDitod Pridvénix Spdng As@dlledted in anl
infiltration galleryand pipedinto the VTS\thlorinationfacility (commonlyreferredto asthe chlorination

station, CS) before being put into the municipal distribution systemdzNA y3 (G KS 26 & LINR Y :
from December/January through March/April (depending on the year), the Side Spring and Schreiber
Springmayalsobe directedinto the CSriaa systemof valvesandpipelines,describedn section4 below.

Collectively, these three springs will be referred to in this report asPtheenix Springs Compl@igure

1). VTS\hasasecondpermitted point of diversion the GunsiteSpring(Figurel), that islisted onthe New

Mexico Environment Department (NMED) Drinking Water Bureau (DWB) Drinking Water Watch website.
CKA& o6l GSN) a2dzNOS Aa fAaGSR Fa aLylFOGA@SeE 2y (KS
of the VTSV water system. The focus of this report is therefore the Phoenix Springs Complex; however, it

Aad DDLQ& NBO2YYSyRI lelogmeént af ke Gunsitet Speng addaNaddiidnal Rvated

source.

In order to plan responsibly for future growth in VTSV it is critical for the Village to understand the water
supply that can be reliably obtained from these springse Village has undertakem water master
planning effort to identify and quantify both the potential future water demand resulting from proposed

or potential development and the available water (spring) supply to accommodate that den@dnd.
specific interest to planning efforts @btaining a reliable estimate of the minimum flow that can be
expected from the Phoenix Springs Complex during peak demand season (December through early April)
in future years.

¢CKAA&d NBLR2NI KIFa 06SSy LINBLI NBR 0 @& hebvbter méser plarRiRgNG & &
effort and is focused on providing VTSV with a reliable minimum spring flow number to use for future
planning efforts. GGI has been conducting hydrogeologic studies in the VTSV area and the surrounding
Lake Fork and Rio Hondo wathed since 1990. The studies of springs, groundwater, and surface water
resourcesn thisandother watershedghroughoutthe southwesternUSareresourceghat GGhasdrawn

upon to better understand the hydrologic system that sustains the Phoenix SpGiagglex, and the VTSV

water supply.

2 HYDROGEOLOGEETTINANDPREVIOUBIVESTIGATIONS

The Phoenix Springs Complex is one of the primary sources of stream flow in the upper reaches of the
LakeForkof the RioHondo.PhoenixSpringis situatedat anelevationof 10,310ft in the LakeForkValley,

a glacial valley draining the Williams Lake cirque and Wheeler Peak in northern New Mexico (Figure 1).
ThelLakeForkValleyis underlainby rock glaciersandthick valleybottom till. Rechargeccursboth inthe
Williams Lake Cirque and along the Lake Fork Valley, with snowmelt and monsoonal precipitation
infiltrating directly into the glacial deposits. No surface water flow leaves the cirque; rather groundwater
dischargesfurther down the valley through springs and directlyo the Lake Fork.Phoenix Spring
discharges at a location where the width of glacial deposits narrows between a bedrock constriction
formedby Precambriargneissand schist.
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TSVI, VTSV, and GGI conducted a hydrogeologic investigation of Phoenix Spring and the upper Rio Hondo
RNJ Ayl 3S T NEWs investigationdnoludeu®ollection of precipitation and snowpack samples

for tritium and stable isotope analyses, piezometer installation and water level monitoring upgradient of

the Phoenix Springs Complex, and gaging of stream fl®mgmificant finthgs of this investigation

included:

A Phoenix spring discharges at bedrock constriction, which reduces cross sectional area of aquifer
in glacialdeposits

A Stableisotopesshowthat winter precipitationcontributesd p p Ttof ngthargeto springs

A Shallowgroundwateris rechargedoy monsoonaprecipitationwith anapproximatei g 2  da§ S 1
time as seen in piezometer water level data (see piezometer installation report and water level
dataincludedin AppendixA)

A Tritium isotope data from Phoenix and other springs in the area show modern recharge (water
dischargingrom springs idess tharbm mygarsold)’

A The Lake Fork of the Rio Hondo is a gaining stream reach, and gains approximately 3 cubic feet
per second (cfs) from Phoenix Spring to the East Fork confluence during low flow conditions
(equivalentto approximatelyl.94 milliongallonsper day,MGD)

A Spring discharge is typically highest in May, June, and July, the result of an initial rapid response
to snowmeltrecharge

A al NDK ridwLdNéhdrge base flow conditions are controlled by the previous g A y (i S NI &
snowpack, or snow water equivalent SWEX A &4 A& O2yairaidSyd 6AGK NBC
conductivitycoarsesedimentgtalus,rockglaciersandmoraines)n the WilliamsLakeCirqueand
LakeForkValleyabovethe PhoenixSpringsComplex. Thesetypesof aquifershavefastresponses
to snowmelt and storm events, yet they sustain steady discharge for many months (Hayashi,
2020).

TheDrakoset al. (2020)presentationsummarizinghesestudiesisincludedin AppendixB.

3 UNCERTAINTIES

As with any hydrogeologic investigation, there are a number of uncertainties associated with the current
study. Theseuncertaintiesare primarily relatedto:

1. Limitedperiodof recordfor metered springlows (8 years)

2. Gapsn 2020springflow records

3. Incompleterecordsof whenthe SideSpringand SchreibeiSpringwereturned into/out of the CS
4. Reliability/accuracyf climatechangeforecasts

5. Naturalvariabilityin a complexhydrogeologicsystem

Whileit is not possibleto eliminateall uncertainty from an analysisof the factorscontributingto spring
flow, GGlhas attempted to identify and discussthe sourcesof uncertainty in this report. Where

1 The results of these studies and other similar spring investigations have been presented in technical conferences (&.g. Drako
et al., 2020), provided to TSVI, presented to the VTSV Source Water Protection Stakeholders group, and are referenced in the
Souce WaterProtectionPlan (SWPP).

2 Additional isotope samples have been collected from Phoenix Spring, East Fork Lake Fork Spring, Gunsight Spring,
and Simpson Spring as part of the current stulgmples have been submitted for laboratory analyses and results
arepending.
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uncertaintyexists,we havetakena conservativeapproachto the data analysisn orderto provideVTSV
with a projectionof future springflow that is both defensibleandreasonabldor planningpurposes.

4 SPRINGLOWS

4.1 SPRINGHOWMETERINBATA

Spring flow metering records were provided by VTSV for the period covering February 7, 2014 through
April 30, 2021The records include both instantaneous readings and totalizer meter readings for flows
into the chlorinationchamberandthe overflowthat isreturnedto the river. Combinedlow from the two
meters(overflow+ chlorinationchamber)epresentthe total amountof springproductionbeingdirected

into the CS.Thisflow doesnot necessarilyepresentthe total flow beingproducedby the PhoenixSprings
Complex due to controls on the distribution upstream of the chlorination station that may allow some
flow to bypass the chlorination station entirely, as described below and shown schematically in Figure 2.
I Iy R 1t Rdiématiéof the springflow controls,preparedby the former systemoperator,areincluded

for referencein AppendixC.

4.1.1 Main Bypaskine

¢KS YIFAY LALSEAYS FTNRY (KS tK2SYyAE {LINAYy3a AYyFAf (N
that canallow springflow to be directedinto the LakeForkupstreamof the CFigure2). Thisconnection

between the overflow line and the main &éndoes not have a valvElows are directed to the overflow

pipelineby restrictingflow into the CSusinga valvelocatedat the CSwhichcreatesd | O 1 LINIB& & dzNB
main line and forces water out the overflo®uring periods of peak flow in the late spring and early to
YARTAdZYYSNE (KS SEOS&a& aLINAy3 Ffz2éa | NBE RAEAOKI NHS
and the meters in the CS only record the tomm of total flow that is not bypassed to the Lake Fdrk.

2016 VTS\ktaff identified times in 2015 when the flows were being bypassedshownin blue text on Figure

3.

4.1.2 ScleiberSpring

Scheiber Spring is located between the main Phoenix Spring and the CS (Figelaw2kom Schiber
{LINAYy3 Oy 068 RANBOGSR G2 GKS /{ 2NJRANBOGte (2 i
to the upperm nhbé/passjs controlledby a valvein the dischargdine that canbe openedto allow flow to

the CS or throttled back to direct flows to the Lake Fork during times of high spring Nowscords

have beenidentified to indicate when this bypasshas been openedand closedbut, presumably,operation

of this bypass would result in the same types of spikes/reductions in metered flows at the CS as are
induced by the operation of the upper bypaddiscussions with VTSV staff indicate that flows from

Scheiber Spring are always utidid (directed to the CS) during the low flow winter months, typically

beginning in December.

4.1.3 SideSpring

Inadditionto Phoenixand SchreibeiSpringsthereisathird springreferredto asthe SideSpring(formerly

1y26y a aAlO1SeQa {LINAy3Iv: gKAOK OFly 06S RAOGSNISR
2). The Side Spring is owned by Taos Ski Valley, Inc. (TSVI) and flows from the spring can only be utilized
by VTS\Mo augmentPhoenixSpringdlows with the permissiorof TSVI.Since2016recordsof whenthe
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SideSpringwasturnedin to the systemhavenot beenidentified by VTSVbut discussionsvith VTS\étaff
indicate that the Side Spring typically turnednto the system inJanuary.

In2016VTS\staffidentified whenthe SideSpringwasturnedin to the chlorinationstation,shownin blue

text on Figure 3Spikes in metered spring flow that likely represent either the Side Spring or Schreiber
springbeingturned into the CSarelabeledin blackon Figure3 for the yearsafter 2016. It is possiblethat

in someyearsonly one of the secondaryspringswasturned into the system but lackof recordsfor when

the Schreiber and Side Springs have been turned in make it impossible to know fan.déttas has
beenthe casein someyears,then the meteredflow valuesdzy’ R S NJt Nifd tinSflavbayaiiablefrom

the entire springcomplexin those years.

4.2 DATACOMPILATIONNDQA/QC

Data provided by VTSV were compiled and assessed to identify and address any apparently erroneous
data pointsLy Yz2aid OFasSa RIFEGF SyGNE SNNBNB ¢gSNB Slhaite
recorded spring flowsThe meter entries on these daysere checked and, in most instances, a numeric
transposition error was the cause, resulting in a very high meter reading one day followed by a very low

NBIF RAYy3 (KS ySE ifihede ertrieson@rlinadualy) SomredBd\iE dliminbite the spikes and

troughs. In other instancesii KSNX 6SNB 2y SnmRIFI& &dLA{1Sa 2N RNRBLEA Ay (K
by an obvious transposition error in the data entty.these cases, the values were compared to the
instantaneous meter readings and the adjacéotalizer flow values and, where appropriate, a manual
adjustmentwasmadeto the datato provideareasonablélow valuefor the dayin question. In relatively

NI NB AyadlyoOoSa GKS Fy2Ylf2dza RFGF FNRY GKS d2aGF A
very closely, and no adjustment was made. Overall, from 2014 to 2019 and from June 2020 to April 2021
onlyasmall percentagef the meteredvaluesrequired modification.

4.2.1 2020DATA

In 2020 there were three large gaps in spring flow dita.data were recorded between January 9 and
February 20, between March 11 and April 15, and between May 14 and Jun€hé&3data were
apparently measured, but the paper records were incompldte.adjust for theincompletedata, the
days between when the lasecordedmeasurementwvastaken and the subsequentmeasurementvas
recordedwere assigned flow rate equal to the prior days reading plus (or minus) an incremental flow
amount equal to the tothdifference between the two readings and the number of missing dagis
results in a smoothettansition of flow between the measurements that provides a good approximation
of the natural declinén spring flows that would be expected over the missingetperiods. The shape of
G0KS Ay dS NI turvé && thé gedot from March 11 to April 15 2020, when daily data are
missing, compare$ I @2 N} 6f & (G2 (GKS akKlFLIS 2F GKS O2yi(Aydzdzt
2020 (Figure 4), antthe interpolated data are considerediseablefor inclusionin analysisof the period

of recordflow data.

4.3 SPRINGLOWDATAEVALUATION

CAIdzZNE n aK2g¢ga &SIFNIm2@SNmeSIN pnRIFe @SN IS &ALINRY
M G2 1T LINRE ond® ¢KS FoNXzLG YR RNIYFGAO OKFy3aSa Ay
throughAugustor Septembeisindicativeof measurenentslargelycontrolledby operationof the bypass
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valve(s) as described above. Data from each year also show abrupt increases in metered flows that occur

in December or January (depending on the year) that are the result of the Side Spring and/or Schreiber
Springbeingturnedin to the system. It isonly after the SideSpringandSchreibeiSpringhavebeenturned

Ay (G2 GKS OKE2NAYylFGA2Y adGrdAzy GKFG @SIENmdG2me S NJ
everythingthatisbeingproducedbythe springcomplex(PhoenixSpring SchreibelSpringand SideSpring)

is measured and no water is being returnedthe river prior to metering (see discussion in section 4.4

below).

CAIdzNBE p aK2ga eSIENm2O0SNmeSHNI pnRFe @SN IS Ff20:
April, which includes all of the spring flow data during February, March, and April wdves filom the

entire spring complex are being metered (see discussion in section 4.4 b&gesall, mean monthly

Ft2ga INB t26Said Ay al NOKX odzi GKS aay3atsS t2gSai
F@SNIF IS0 (LA t XYRR®RIOIONINI Ad/¢ SGING emo & ¢ KS RA & ONB LI
F SN} 3S Ff26a A& RdzS (2 GKS NILAR NRAS Ay &aLINAy3
¢tKS t26S5480 NBO2NRSR pnRIF& F @SNI 3S pdyin Apgil, 2014 Bhe | LILINE E
lowest monthly average flomwasapproximately 158ypm (227,000gpd)in March, 2021.

Tablel. Summanoff 2 ¢ Mdaiments
aSlky CSo6 MeanMarchFlow [ 2¢Sad prt 51 4G4Sa 27

Year flow (gpm/gpd) (gpm/gpd) flow (gpm/gpd) low flow

2014 190.4/ 274,200  169.8/ 244,500 139.9/ 201,500 NKMMTIN K |
2015 198.0/ 285,100  191.0/ 275,000 186.7/ 268,800 OKpPTOK (]
2016 224.1/ 322,700  206.2/ 296,900 191.8/ 276,200 NMKHTNKC
2017 215.2/ 309,900 195.1/ 280,900 181.8/ 261,800 MKHTNKC
2018 202.2/ 281,200  186.3/ 268,300 169.3/ 243,800 MKMOTINK |
2019 179.2/ 258,000 174.8/ 251,700 165.0/ 237,600 MKMOTNK |
2020 192.4/ 277,100  175.9/ 253,300 159.2/ 229,200 MNKMTTNK |
2021 163.4/ 235,300 157.8/ 227,200 148.1/ 213,300 OKOMTINK

4.4 RELIABILITOFH.OWMEASUREMENTS

The calibration of the meters installed in the chlorination station were checked and validated by Yukon
and Associates, Ltd. on 7/19/202Recause the meters are confirmed to have been reading accurately,
the meter values represent the minimum possiblenlerom the Phoenix Springs Complex at any given
time. Becausehere are no recordsof whenthe SideSpringand SchreibelSpringwere turned into/out of

the CS, it is possible that at certain times the combined flow of the springs was more than the metered
amount(if oneor both of the ancillaryspringswasbeingbypassed) Theminimumflow numbersreported

in Table 1 assume that both the Side Spring and Schreiber Spring were being directed to the CS during
t 2 ¢ nmpefio@sdut the lackof recordsof whenthe bypassesvere operatedafter 2016makeit possible

that one or both were being bypassed in any giyear after 20161t is therefore possible that the
Phoenix Springs Complex produced more water than is reflected in Table 1, but it is not possible that
the combined flow of the springs was less than the metered amount shown in Tabl€ht metered
valuesOl'y 06S NBfASR dzil2y (2 LINRPGDARS | O2yaSNBI GAGS
flows.

(s}
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5 GUNSITEPRINGPRELIMINARDATA

I omAYOK tFNBRKIFIff FfdzyYS gl a AyaidlttSR i Ddzyaaas
June 2019. The flume measures flow from the main Gunsite spring source, but does not measure flow
from a significant secondary spring discharge point that is part of the Gunsite spfii8)Y and LRE
measurediows during Summerandearly Fall2019and2020(LRE2020). Flowsmeasuredoy LREanged

from a maximum of 365 gpm (525,600 gpd) on July 199 261a minimum of 69 gpm (99,360 gpd) on
October 10, 2020 (Figure 4he property where Gunsite Spring is located was subsequently purchased

by Mr. Bob Corroon of Taos Land and Cattle Company |dGdocated and dug out the flume from

beneath approximately 5 feet of snow in February, 20212 RSGSNNXAYS DdzyaA dS aLINR
flow conditionsandthroughoutthe yearon behalfof Mr. Corroon,GGlhasmeasuredspringdischargeon

a weekly basis beginning on February 24, 2(2aring this time pend, Gunsite spring discharge
(exclusive of the secondary spring discharge source) ranged from a low of 30 gpm (43,200 gpd) in late
Marchandearly Aprilto amaximumof 300gpm (430,200gpd)asof Augustl9,2021(Figured). Although

it is not known at present whether this source would be classifiedby NMED as groundwater or
groundwater under the influence of surface water, it is D D Lr&céammendationthat VTSVpursue
development of the Gunsite Spring as an additional water so@oatinued monitoring of flows is also
recommendedo better quantifypotential flow availablefrom GunsiteSpring.

6 SNOTEIDATA

Climate data (temperature, snow depth, snow water equivalamgd accumulated precipitation) are
available from the Powderhorn SNOTEL site from August 8, 2009 to pie3atat from the SNOTEL site

was downloaded and compiled for comparison to spring fldrecipitation at the SNOTEL site occurs
predominantly as sow from October/November to April/May and as rain for the remainder of the year.
From2011to 2020the averageprecipitationoverawateryear(WY;Octoberl to SeptembeB0)hasbeen

36.4 inches, ranging from 19.1 inches in WY 2018 to 47.7 inches in WY 2017. The SNOTEL station records
show depth but, more importantly, records snow water equivalent (SWE) which is the moisture content
of the snow recorded as inches of watdihe accumulied moisture content of the snow pack is not
available as potential recharge to the aquifer/springs until the snow melts and releases the liquid water.
To evaluate how the timing of potential recharge corresponds to changes in spring discharge the data
were processedo calculatecumulativerecharge ashe snowpack melts.

Figure6 isacompilationof total annualprecipitation(bluecircles) cumulativeannualsnow(asSWEgrey
circles)andtotal annualpotential recharge(purpleline). Thetiming andamountof total annualpotential
recharge was calculated as the daily decline in SWE (representing melting snow) plus the daily
precipitation occurring as rainfallhe resulting value is the amount of liquid water added to the system
and is termed potendl recharge (rather than actual recharge) because some water may run off as
overland flow, evaporate, or be lost through other procesSg¢s®e maximum potential recharge occurs
eachyearduringthe springsnowmelt,generallybetweenApriland June resultingin the maximumspring

flow during thesameperiod.

3 https:/iwcc.sc.egov.usda.gov/nwec/site?sitenum=1168
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{ RECHARGENDSPRINGHOWS

Figure7 includesgraphsallowinga visualcomparisorof total annualpotential rechargeto meanmonthly
springflow (Februaryand Marchcombined[top] andjust March[bottom]) for 2014through2021. Graphs
ontheleft areforthe 2 y° S m@ri& tedhhrgeandgraphson the right arethe cumulativerechargefor the
previous three years. Note that the potential recharge covers the period from April 1 of the prior year to
March 31 of the year in which the spring flows are repott&imilar graphs were created using the prior
G662 YR F2dz2NJ 8SINAR 27F Odzvdz  GABS LRGIGSYdGAlFt NBOKI I
closest visual match. As can be seen on Figutteeve is general agreement between potential recharge
and spring flows, with wetter years (greater total potential recharge) corresponding to higher spring
dischargeTheexceptiongo this generalcorrespondencare:
1) 2018, when the high potential recharge, representing primarily melting of the large 2017 snow
pack,did not resultin a corresponding increase in sprifigws
2) 2019,whenthe extremelylow potential recharge resultingfrom the historicallylow snowpackn
2018, did not result in drop in spring flow of a corresponding magnitude, although there was a
declinein flow.
While the visual comparison of potential recharge to spring flow suggests a direct relationship between
the two, scatter plots of potential re¢hNAS @ad® aLINAy3I Ff2g o6al NOK FyR
relatively weak correlation frranging between 0.23 and 0.37, depending on the date ranges being
compared)¢ KSNBE Aa | afA3akKGte o0SGGSNI O2NNBf | GAmeg 0SG6S
andspringflowthanthed A y 3t Smé S| NJ LlagdisBinggilow (Figure®)5 OK | NH S

There is clearly a causal relationship between recharge from snowmelt and monsoonal precipitation and
spring flow that can be assessed qualitatively with existing daming flows increase as a direct result

of snowmeltandlargerainfall events(seeAppendixB). Althoughthe relationshipbetweenSWHrom the
precedingoneto three@ S I sNdw@ackand Phoenixspringflows cannotbe quantifiedusingthe existing

eight years of spring flow records, continued collection of spring and SNOTEL flow data should allow the
relationship between potential recharge and spring flow to be better refined/quantified during low flow
periods. Installation of meters on all of theypass lines shown on Figure 2 is necessary before a
guantitativerelationshipcanbe establishehetweenrechargeeventsand high springflow rates.

7.1 PEZOMETHRATA

In addition to the SNOTEL and Spring flow data described above, water level dataitakblefor the

period of September 2017 to September 2019 from five piezometers completed in the area above the
Phoenix Springs Complex (Figurel®ta from the piezometers show that the lowest water levels, which
correlate with lowest spring flows, werebserved in February through April, followed by a period of
recharge/higher water levels in May through July and generally declining water levels thereafter (Figure
10). Strong summer or fall monsoonal precipitation events also provide transient redoattgge shallow

FjdzA FSNJ FyR GKS tK2SYAE {LINAy3Ia /2YLX SES 6AGK |y
SPSyida YR IANRdzyRgl 1SNJ St SO GA2Yy NRASkMigpmaNdl aSR a
is similar to displaysof fast responseto snowmelt and rainfall, followed by much slower, steady
groundwater discharge observed in other alpine regions such as the European Alps, North American
CordilleraandHimalayagHayashi, 2020).

4 Forexample,2014potentialrechargeis the total potential rechargefrom April 1, 2013to March31,2014.
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Figure 8 Annual cumulative potential recharge compared to Phoenix Spring flows for February and March combined (top
andMarchonly (bottom),lookingat sameyearpotential rechargg(left) andthree-yearcumulativepotential recharge(right).
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Figure9. Piezometetocationsshowinggroundwaterflow directionmeasuredon 7/23/2019
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