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TAOS SKI VALLEY WATER MASTER PLAN EXECUTIVE SUMMARY 
 

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 Taos Ski Valley (VTSV) water distribution system, respectively. 

¶ The goal of the geohydrology investigation was to evaluate sources and timing of recharge to the 

Phoenix Spring Complex and develop a methodology for estimating future minimum spring flows 

based on historic data. 

¶ 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 

VTSV with a more reliable water distribution system. 

¶ 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 (spring flow) and engineering (distribution system) constraints. 

The primary conclusions of this investigation are presented below. The detailed analysis, methodologies, 

and conclusions are presented in the attached reports from GGI and DEC. 

 
HYDROLOGY AND WATER SUPPLY SUMMARY (GGI REPORT) 

The Phoenix Spring Complex discharges at a bedrock constriction, which reduces cross sectional area of 
the aquifer in glacial deposits. ²ƛƴǘŜǊ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŎƻƴǘǊƛōǳǘŜǎ Ϥррπуу҈ ƻŦ ǊŜŎƘŀǊƎŜ ǘƻ ǎǇǊƛƴƎǎΣ ǿƛǘƘ ǘƘŜ 
balance coming from (primarily monsoonal) rainfall. Tritium isotope data from Phoenix and other springs 
in the area show modern recharge (water discharging from springs is less than рπмл years old). 

 
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 

Rio Hondo at Valdez gage from 1934 to 2021, the following are minimum flows predicted for the Phoenix 

Spring Complex: 

¶ The lowest projected monthly average flow is 144 gallons per minute (gpm), equivalent to 207,360 

gallons per day (gpd) 

¶ The lowest projected рπŘŀȅ average spring flow is 126 gpm/181,440 gpd 

¶ The lowest monthly average flow will likely occur in March, whereas the lowest рπŘŀȅ average 

flow may occur in March or April 

These values do not include flow from the Gunsite Spring, which is also a permitted point of diversion for 

VTSV. Flows were measured by VTSV from Gunsite Spring during Summer and early Fall of 2019 and 2020, 

and have been measured weekly by GGI beginning in February, 2021. During the period of weekly flow 

measurements, Gunsite spring discharge ranged from a low of 30 gpm (43,200 gpd) in late March and 

early April to a maximum of 300 gpm (430,200 gpd) in August, 2021. 

It is extremely important that the Village continue to carefully monitor (meter) flows from the Phoenix 

Springs Complex, including tracking the timing and duration of bypass flows, and revisit the baseline flow 

evaluation every 5 years. Projections of future water supply should be adjusted as appropriate to 

incorporate continued and improved data collection. 
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Ongoing statewide water supply and climate change studies being conducted by various state agencies 
have found that: 

1. In the last 20 years there are only 5 years where NM has not been in drought conditions 
2. At present, NM is in the deepest drought in the last 20 years 
3. In the last 4 decades, temperatures have risen and precipitation has remained about the same 
{ǘŀǘŜπǿƛŘŜ 

4. It will get warmer in NM as CO2 concentrations in the atmosphere increase 
5. There will be decreased snowpack but more winter precipitation in the Northern Mountains 
6. Snowpack and streamflow will decrease 
7. Snow will melt earlier and there will be less runoff 

 
To accommodate potential reductions in spring flows arising from climate change, an annual reduction in 
spring flows of 0.5% per year was applied to the projected values presented above over a нрπȅŜŀǊ planning 
horizon. LƴŎƻǊǇƻǊŀǘƛƴƎ ǘƘƛǎ ŎƭƛƳŀǘŜπƛƴŘǳŎŜŘ Ŧƭƻǿ ǊŜŘǳŎǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǎǘƛƳŀǘŜŘ ƳƛƴƛƳǳƳ 
values for discharge from the Phoenix Spring Complex that should be used for planning purposes: 

 
Minimum monthly average flow: 126 gpm /  182,000 gpd 
Minimum рπŘŀȅ ŀǾŜǊŀƎŜ flow: 111 gpm /  159,000 gpd 

 

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 gpd. Additional data collection is required to confirm the Gunsite 

Spring minimum 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. 

 
WATER DEMAND AND INFRASTRUCTURE NEEDS (DEC REPORT) 

The Water Service Area is a defined term referencing that portion of the Village which is serviced by the 

municipal water system. This area and the corresponding 2019 Metered Gallons establish the Base Line 

documentation of usage within the Village. Figure ES2 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 derived. As 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 Area. A detailed assessment of 

baseline conditions and growth projections can be found in the DEC Water Master Plan Technical 

Memorandum ς Appendix E: TSVI Baseline and Estimated Future Demand, and a summary is provided 

here in Table ES1. 

Peak system demand typically occurs in December through March of each year, with the greatest demand 

in January. VTSV metered records indicate that, during periods of peak demand, unaccounted water is 

74%, meaning that system customers only utilize approximately 26% of the water metered at the Phoenix 

Spring chlorination station. ApproximaǘŜƭȅ улΣллл ƎǇŘΣ ƻǊ сл҈ ƻŦ ŀƭƭ ǳƴŀŎŎƻǳƴǘŜŘπŦƻǊ ǿŀǘŜǊΣ ƛǎ ƭƻǎǘ 

between the chlorination station and the 250,000 gallon ΨDǊŜŜƴ ¢ŀƴƪΩΦ 

The demand analysis, combined with the future water supply projection outlined in the GGI report, 

indicate that if no improvements are made to the water distribution system, supply could potentially be 
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Table 9{πмΦ Baseline and estimated future όнрπȅŜŀǊύ water demand and water supply. 

 
 

Growth Scenario: 

Water 
Service 
Baseline 

 
Existing 
+ 20% 

Base 
Village & 
Kachina 

 

Amizette 
(existing) 

 

Amizette 
(expansion) 

Land Use Assumption (see note A) 

Single Family Homes 103 π 106 21 41 

Hotels 108 π 78 90 π 
aǳƭǘƛπCŀƳƛƭȅ 276 π 323 36 π 

Total Lodging Units 487 π 507 147 41 

Total π Cumulative Units 487 487 994 1,141 1,182 
      

bƻƴπwŜǎƛŘŜƴǘƛŀƭ Space (SF) 155,272 π 50,300 π π 

Cumulative (SF) 155,272 155,272 205,572 205,572 205,572 
      

Water Demand ('000 gal) (see note B) 

Baseline (2019 data) 1,553 π π π π 

Growth π 311 1,749 223 56 

Total Demand (Cumulative) 1,553 1,863 3,612 3,835 3,891 
      

Water Capacity Scenarios ('000 gal) (see note C) 

1. Current Capacity w/75% leakage 1,599 1,599 1,599 1,599 1,599 

Surplus/(Shortfall) ς thousand gallons 46 (264) (2,013) (2,236) (2,292) 

Surplus/(Shortfall) π % 3% πмп҈ πрс҈ πру҈ πрф҈ 
 

2. 50% leakage + 12.5% climate loss 2,812 2,812 2,812 2,812 2,812 

Surplus/(Shortfall) ς thousand gallons 1,259 949 (800) (1,023) (1,079) 
Surplus/(Shortfall) π % 81% 51% πнн҈ πнт҈ πну҈ 

 

3. 35% leakage + 12.5% climate loss 3,656 3,656 3,656 3,656 3,656 

Surplus/(Shortfall) ς thousand gallons 2,103 1,793 44 (179) (235) 

Surplus/(Shortfall) π % 135% 96% 1% πр҈ πс҈ 
 

4. 25% leakage + 12.5% climate loss 4,218 4,218 4,218 4,218 4,218 

Surplus/(Shortfall) ς thousand gallons 2,665 2,355 606 383 327 

Surplus/(Shortfall) π % 172% 126% 17% 10% 8% 

(A) See Figure 9{πн Land Use Assumption schedule for details. 

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

ŀƴŘ IƻǘŜƭ {ǘΦ .ŜǊƴŀǊŘ ǿƘƛŎƘ ŀǊŜ ƴƻƴπǊŜŎǳǊǊƛƴƎ ƻǊ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ŦǳǘǳǊŜ ƎǊƻǿǘƘ 

projection. 

(C) Climate change is assumed to reduce water capacity by ƻƴŜπƘŀƭŦ percent (.5%) annually for a 

12.5% loss over the next 25 years. 
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insufficient to meet existing demand in 2022, if in 2022 the Phoenix Springs Complex has historically low 

flows (equivalent to the lowest projected flow from the GGI report). If no improvements are made to the 

distribution system to reduce line losses, then it will be impossible to demonstrate that water will be 

available for any future development, including extending service to Amizette. If, however, system losses 

are reduced to 25% (a reasonable, but still relatively high number), then the water use projections indicate 

the VTSV system will be able to provide water for all proposed future development in the Base Area, 

Kachina Village, and Amizette, with an estimated 8% surplus at full build out. This 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 

connecting Gunsite Spring to the VTSV system. 

As these numbers indicate, it is critical that VTSV undertake immediate action to reduce water losses in 

the system to ensure that sufficient supply is available to meet existing and projected future demand. 

 
RECOMMENDED ACTION PLAN 

¶ Continue to carefully monitor (meter) flows from the Phoenix Springs Complex, including the 

timing and duration of bypass flows. 

¶ Continue to record flows from the Gunsite Spring. 

¶ Revisit the baseline flow evaluation every 5 years and adjust the projections as appropriate to 

incorporate ongoing and improved spring flow data. 

¶ Bring the Kachina water tank ƻƴπƭƛƴŜ and connect it to the system. 

¶ Isolate locations and extent of water losses 

o 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 station and 

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 Target meter installation by summer of 2022 (prior to 2022/2023 peak demand) 

¶ Replace leaking water lines: Future line replacement projects should focus on areas of maximum 

water loss as determined from the master metering program. 

¶ Evaluate areas where пπƛƴŎƘ water mains are utilized for fire protection to determine if these lines 

are adequate to provide fire protection, and replace these lines if they are not. 

¶ Replace all galvanized water lines in the system with adequately sized ductile iron water lines. 

¶ Replace all customer meters and begin a meter replacement program to ensure that all customer 

meters are scheduled to be replaced prior to the end of their service life. 
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Figure ES1. Map of the Lake Fork drainage basin showing location of the Phoenix Sprin 
Spring, and the Taos Powderhorn SNOTEL site 
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Figure ES-2. VTSV Water Study: Residential Land Use Assumptions 
 

Total Single Family Residential : 124 units 

Water Service Area* 

Single Family Residential : 103 units 
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EXECUTIVE SUMMARY 
 

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 needs. This 

report has been 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 

ǎǇǊƛƴƎǎ ǘƘŀǘ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǘƘŜ ±ƛƭƭŀƎŜΩǎ ǎƻƭŜ ǎƻǳǊŎŜ ƻŦ ƳǳƴƛŎƛǇŀl water supply. The data included in this 

report build on previous studies of the geology and hydrology of the Taos Ski Valley area conducted by 

GGI on behalf of both VTSV and TSVI, copies of which are included as appendices to this report. These 

previous studies found: 

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

o Winter precipitation contributes Ϥррπуу҈ of recharge to springs, with the balance coming 
from (primarily monsoonal) rainfall 

o Tritium isotope data from Phoenix and other springs in the area show modern recharge 
(water discharging from springs is less than рπмл years old) 

o The Lake Fork of the Rio Hondo is a gaining stream reach, and gains approximately 3 cubic 
feet per second (cfs) or 1,950,000 gallons per day (gpd) from Phoenix Spring to the East 
Fork confluence during low flow 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 discharge. These relationships are used to project minimum anticipated future spring flows for 

utilization as a planning tool by VTSV. 

Metered spring flow data, provided by VTSV, are available for the period from February 2014 to April 

2021. The lowest monthly average flows occur during March, when demand in VTSV is typically high, and 

in April. From the available meter data: 

¶ The lowest recorded monthly average flow was 158 gallons per minute (gpm, equivalent to 

227,520 gallons per day [gpd]) in March, 2021 

¶ The lowest recorded рπŘŀȅ average flow was 140 gpm/201,600 gpd from April 11 to April 15, 2014 

Stream flow records are available for the Rio Hondo from 1935 to 2021. Using relationships between 

spring flows and Rio Hondo flows that were established during evaluation of the data, historic spring flows 

are extrapolated for this entire period. From the projected spring flow data: 

¶ The lowest projected monthly average flow is 144 gpm/207,360 gpd 

¶ the lowest projected рπŘŀȅ average spring flow is 126 gpm/181,440 gpd 

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. 

These values do not include flow from the Gunsite Spring, which is a permitted point of diversion for VTSV. 

Flows were measured by VTSV from Gunsite Spring during Summer and early Fall of 2019 and 2020, and 

have been measured weekly by GGI beginning in February, 2021. During the period of weekly flow 
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measurements, Gunsite spring discharge ranged from a low of 30 gpm (43,200 gpd) in late March and 

early April to a maximum of 300 gpm (430,200 gpd) as of August 19, 2021. 

Ongoing statewide water planning studies suggest that climate change impacts in the VTSV planning area 

will likely include increasing temperatures, decreased snowpack, and earlier runoff, all of which may affect 

the quantity and timing of discharge from the Phoenix Springs Complex and Gunsite Spring. To account 

for the potential future decrease in spring flows arising from climate change, the projected low flow values 

were further reduced by 0.5% per year for a 25πȅŜŀǊ ǇƭŀƴƴƛƴƎ period. 

Based on the findings of this study, GGI recommends the following: 
 

1. For planning purposes, a minimum monthly average flow of 126 gpm / 182,000 gpd and a 

minimum рπŘŀȅ average flow of 111 gpm /  159,000 gpd should be used for the Phoenix Springs 

Complex. These values incorporate a 0.5% per year decrease in spring flows attributable to 

effects of climate change. 

2. Continue metering flows from the Phoenix Springs complex, including improved record keeping 

regarding when the Side Spring and Schreiber Spring are turned in to the chlorination station and 

when they are bypassing the chlorination station meters. 

3. Install meters on the bypass pipelines and record bypass flows to allow for a full accounting of all 

spring discharge, including high flows, that are not currently metered. This metering will allow 

for better correlation of snowpack (snow water equivalent) to spring flows and could provide a 

useful future planning tool to allow for early warning of upcoming periods of low spring discharge 

based on snow water equivalent. 

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

expected from this source. 

5. Revisit the baseline flow evaluation every 5 years and adjust the projections as appropriate to 

incorporate continued and improved data collection. The current projections include several 

assumptions to keep the estimates conservative for planning purposes. Continued collection and 

ǊŜπŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ Řŀǘŀ ǿƛƭƭ ŀƭƭƻǿ projected flow estimates to be adjusted up or down, as 

appropriate, to assist in ongoing planning efforts. 

a. Once Gunsite Spring flows are better understood, it may be advisable for VTSV to consider 

connecting Gunsite Spring to the municipal distribution system. 

6. Implement policies and practices to reduce the impacts of climate change, including continuing 

efforts to reduce CO2 emissions, increasing available water storage, reducing distribution system 

losses, continuing forest management projects, maximizing snowmaking efforts, and investigating 

ŎƭƻǳŘπǎŜŜŘƛƴƎ projects. 
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1 INTRODUCTION 
 

The Village of Taos Ski Valley (VTSV/the Village) utilizes water from the Phoenix Springs Complex, which 

includes the Phoenix Spring and two nearby hydrologically connected springs όΨ{ƛŘŜ {ǇǊƛƴƎΩ and Ψ{ŎƘǊŜƛōŜǊ 

{ǇǊƛƴƎΩύ ŀǎ ƛǘǎ ǎƻƭŜ ǎƻǳǊŎŜǎ ƻŦ ƳǳƴƛŎƛǇŀƭ ǿŀǘer supply. Water from Phoenix Spring is collected in an 

infiltration gallery and piped into the VTSV chlorination facility (commonly referred to as the chlorination 

station, CS) before being put into the municipal distribution system. 5ǳǊƛƴƎ ǘƘŜ ƭƻǿ ǎǇǊƛƴƎπŦƭƻǿ ǇŜǊƛƻŘ 

from December/January through March/April (depending on the year), the Side Spring and Schreiber 

Spring may also be directed into the CS via a system of valves and pipelines, described in section 4 below. 

Collectively, these three springs will be referred to in this report as the Phoenix Springs Complex (Figure 

1). VTSV has a second permitted point of diversion, the Gunsite Spring (Figure 1), that is listed on the New 

Mexico Environment Department (NMED) Drinking Water Bureau (DWB) Drinking Water Watch website. 

¢Ƙƛǎ ǿŀǘŜǊ ǎƻǳǊŎŜ ƛǎ ƭƛǎǘŜŘ ŀǎ άLƴŀŎǘƛǾŜέ ƻƴ ǘƘŜ ²ŀǘŜǊ ²ŀǘŎƘ ²ŜōǎƛǘŜ ŀƴŘ ƛǎ ƴƻǘ ŎǳǊǊŜƴǘƭȅ ǳǘƛƭƛȊŜŘ ŀǎ ǇŀǊǘ 

of the VTSV water system. The focus of this report is therefore the Phoenix Springs Complex; however, it 

ƛǎ DDLΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ǘƘŀǘ ±¢{± ǇǳǊǎǳŜ ŘŜǾelopment of the Gunsite Spring as an additional water 

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 springs. The Village has undertaken a 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 demand. Of 

specific interest to planning efforts is obtaining 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. 

¢Ƙƛǎ ǊŜǇƻǊǘ Ƙŀǎ ōŜŜƴ ǇǊŜǇŀǊŜŘ ōȅ DDL ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ ǎǇǊƛƴƎπǎǳǇǇƭȅ ǇƻǊǘƛƻƴ ƻŦ ǘhe water master planning 

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 watershed since 1990. The studies of springs, groundwater, and surface water 

resources in this and other watersheds throughout the southwestern US are resources that GGI has drawn 

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

water supply. 

 

2 HYDROGEOLOGIC SETTING AND PREVIOUS INVESTIGATIONS 
 

The Phoenix Springs Complex is one of the primary sources of stream flow in the upper reaches of the 

Lake Fork of the Rio Hondo. Phoenix Spring is situated at an elevation of 10,310 ft in the Lake Fork Valley, 

a glacial valley draining the Williams Lake cirque and Wheeler Peak in northern New Mexico (Figure 1). 

The Lake Fork Valley is underlain by rock glaciers and thick valley bottom till. Recharge occurs both in the 

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 

discharges further down the valley through springs and directly to the Lake Fork. Phoenix Spring 

discharges at a location where the width of glacial deposits narrows between a bedrock constriction 

formed by Precambrian gneiss and schist. 
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TSVI, VTSV, and GGI conducted a hydrogeologic investigation of Phoenix Spring and the upper Rio Hondo 

ŘǊŀƛƴŀƎŜ ŦǊƻƳ нлмсπнлмфΦ1 This investigation included collection 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 flows. Significant findings of this investigation 

included: 

Å Phoenix spring discharges at bedrock constriction, which reduces cross sectional area of aquifer 
in glacial deposits 

Å Stable isotopes show that winter precipitation contributes Ϥррπуу҈ of recharge to springs2 
Å Shallow groundwater is recharged by monsoonal precipitation with an approximate ǘǿƻπǿŜŜƪ lag 

time as seen in piezometer water level data (see piezometer installation report and water level 
data included in Appendix A) 

Å Tritium isotope data from Phoenix and other springs in the area show modern recharge (water 
discharging from springs is less than 5πмл years old)2 

Å 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 
(equivalent to approximately 1.94 million gallons per day, MGD) 

Å Spring discharge is typically highest in May, June, and July, the result of an initial rapid response 
to snowmelt recharge 

Å  aŀǊŎƘπ!ǇǊƛƭ low discharge base flow conditions are controlled by the previous ǿƛƴǘŜǊΩǎ 
snowpack, or snow water equivalent (SWE). ¢Ƙƛǎ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǊŜŎƘŀǊƎŜ ǘƻ ƘƛƎƘπƘȅŘǊŀǳƭƛŎ 
conductivity coarse sediments (talus, rock glaciers, and moraines) in the Williams Lake Cirque and 
Lake Fork Valley above the Phoenix Springs Complex. These types of aquifers have fast responses 
to snowmelt and storm events, yet they sustain steady discharge for many months (Hayashi, 
2020). 

 
The Drakos et al. (2020) presentation summarizing these studies is included in Appendix B. 

 

3 UNCERTAINTIES 
 

As with any hydrogeologic investigation, there are a number of uncertainties associated with the current 

study. These uncertainties are primarily related to: 

1. Limited period of record for metered spring flows (8 years) 

2. Gaps in 2020 spring flow records 

3. Incomplete records of when the Side Spring and Schreiber Spring were turned into/out  of the CS 

4. Reliability/accuracy of climate change forecasts 

5. Natural variability in a complex hydrogeologic system 

While it is not possible to eliminate all uncertainty from an analysis of the factors contributing to spring 

flow, GGI has attempted to identify and discuss the sources of uncertainty in this report. Where 

 

1 The results of these studies and other similar spring investigations have been presented in technical conferences (e.g. Drakos 
et al., 2020), provided to TSVI, presented to the VTSV Source Water Protection Stakeholders group, and are referenced in the 
Source Water Protection Plan (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 study. Samples have been submitted for laboratory analyses and results 
are pending. 
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uncertainty exists, we have taken a conservative approach to the data analysis in order to provide VTSV 

with a projection of future spring flow that is both defensible and reasonable for planning purposes. 

 

4 SPRING FLOWS 

 

4.1 SPRING FLOW METERING DATA 

Spring flow metering records were provided by VTSV for the period covering February 7, 2014 through 

April 30, 2021. The records include both instantaneous readings and totalizer meter readings for flows 

into the chlorination chamber and the overflow that is returned to the river. Combined flow from the two 

meters (overflow + chlorination chamber) represent the total amount of spring production being directed 

into the CS. This flow does not necessarily represent the total flow being produced by the Phoenix Springs 

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. 

IŀƴŘπŘǊŀǿƴ schematics of the spring flow controls, prepared by the former system operator, are included 

for reference in Appendix C. 

4.1.1 Main Bypass Line 

¢ƘŜ Ƴŀƛƴ ǇƛǇŜƭƛƴŜ ŦǊƻƳ ǘƘŜ tƘƻŜƴƛȄ {ǇǊƛƴƎ ƛƴŦƛƭǘǊŀǘƛƻƴ ƎŀƭƭŜǊȅ ǘƻ ǘƘŜ /{ ƛƴŎƭǳŘŜǎ ŀ млπƛƴŎƘ ƻǾŜǊŦƭƻǿ ƭƛƴŜ 

that can allow spring flow to be directed into the Lake Fork upstream of the CS (Figure 2). This connection 

between the overflow line and the main line does not have a valve. Flows are directed to the overflow 

pipeline by restricting flow into the CS using a valve located at the CS, which creates ōŀŎƪπǇǊŜǎǎǳǊŜ in the 

main line and forces water out the overflow. During periods of peak flow in the late spring and early to 

ƳƛŘπǎǳƳƳŜǊΣ ǘƘŜ ŜȄŎŜǎǎ ǎǇǊƛƴƎ Ŧƭƻǿǎ ŀǊŜ ŘƛǎŎƘŀǊƎŜŘ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ [ŀƪŜ CƻǊƪ Ǿƛŀ ǘƘƛǎ млπƛƴŎƘ ōȅǇŀǎǎ ƭƛƴŜΣ 

and the meters in the CS only record the portion of total flow that is not bypassed to the Lake Fork. In 

2016 VTSV staff identified times in 2015 when the flows were being bypassed, shown in blue text on Figure 

3. 

4.1.2 Scheiber Spring 

Scheiber Spring is located between the main Phoenix Spring and the CS (Figure 2). Flow from Scheiber 

{ǇǊƛƴƎ Ŏŀƴ ōŜ ŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ /{ ƻǊ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ [ŀƪŜ CƻǊƪ Ǿƛŀ ŀƴ уπƛƴŎƘ ōȅǇŀǎǎ ƭƛƴŜΦ ¢Ƙƛǎ ōȅǇŀǎǎΣ ǎƛƳƛƭŀǊ 

to the upper млέ bypass, is controlled by a valve in the discharge line that can be opened to allow flow to 

the CS or throttled back to direct flows to the Lake Fork during times of high spring flows. No records 

have been identified to indicate when this bypass has been opened and closed but, 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 bypass. Discussions with VTSV staff indicate that flows from 

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

beginning in December. 
 

4.1.3 Side Spring 

In addition to Phoenix and Schreiber Springs, there is a third spring referred to as the Side Spring (formerly 

ƪƴƻǿƴ ŀǎ aƛŎƪŜȅΩǎ {ǇǊƛƴƎύΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŘƛǾŜǊǘŜŘ ƛƴǘƻ ǘƘŜ /{ ǿƘŜƴ tƘƻŜƴƛȄ {ǇǊƛƴƎ Ŧƭƻǿǎ ŀǊŜ ƭƻǿ όCƛƎǳǊŜ 

2). The Side Spring is owned by Taos Ski Valley, Inc. (TSVI) and flows from the spring can only be utilized 

by VTSV to augment Phoenix Springs flows with the permission of TSVI. Since 2016 records of when the 
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Figure 2. Schematic overview of spring flow collection and control system. Reconstructed from survey 
plats made prior to chlorination station construction and from schematic drawings of valve controls from 
VTSV ǎǘŀũ (see Appendix C). 
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Side Spring was turned in to the system have not been identified by VTSV, but discussions with VTSV staff 

indicate that the Side Spring is typically turned into the system in January. 

In 2016 VTSV staff identified when the Side Spring was turned in to the chlorination station, shown in blue 

text on Figure 3. Spikes in metered spring flow that likely represent either the Side Spring or Schreiber 

spring being turned into the CS are labeled in black on Figure 3 for the years after 2016. It is possible that 

in some years only one of the secondary springs was turned into the system, but lack of records for when 

the Schreiber and Side Springs have been turned in make it impossible to know for certain. If this has 

been the case in some years, then the metered flow values ǳƴŘŜǊπǊŜǇǊŜǎŜƴǘ the total flow available from 

the entire spring complex in those years. 

 
4.2 DATA COMPILATION AND QA/QC 
Data provided by VTSV were compiled and assessed to identify and address any apparently erroneous 

data points. Lƴ Ƴƻǎǘ ŎŀǎŜǎ Řŀǘŀ ŜƴǘǊȅ ŜǊǊƻǊǎ ǿŜǊŜ Ŝŀǎƛƭȅ ƛŘŜƴǘƛŦƛŜŘ ōȅ ƭŀǊƎŜ ƻƴŜπŘŀȅ ǎǇƛƪŜǎ ƻǊ ŘǊƻǇǎ ƛƴ 

recorded spring flows. The meter entries on these days were 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 

ǊŜŀŘƛƴƎ ǘƘŜ ƴŜȄǘ Řŀȅ όƻǊ ǾƛŎŜπǾŜǊǎŀύΦ These entries were manually corrected to eliminate the spikes and 

troughs. In other instances, ǘƘŜǊŜ ǿŜǊŜ ƻƴŜπŘŀȅ ǎǇƛƪŜǎ ƻǊ ŘǊƻǇǎ ƛƴ ǘƘŜ Ŧƭƻǿ Řŀǘŀ ǘƘŀǘ ŎƻǳƭŘƴΩǘ ōŜ ŜȄǇƭŀƛƴŜŘ 

by an obvious transposition error in the data entry. In these cases, the values were compared to the 

instantaneous meter readings and the adjacent totalizer flow values and, where appropriate, a manual 

adjustment was made to the data to provide a reasonable flow value for the day in question. In relatively 

ǊŀǊŜ ƛƴǎǘŀƴŎŜǎ ǘƘŜ ŀƴƻƳŀƭƻǳǎ Řŀǘŀ ŦǊƻƳ ǘƘŜ ǘƻǘŀƭƛȊŜǊ όƻƴŜπŘŀȅ ǎǇƛƪŜǎύ ƳŀǘŎƘŜŘ ǘƘŜ ƛƴǎǘŀƴǘŀƴŜƻǳǎ ǊŜŀŘǎ 

very closely, and no adjustment was made. Overall, from 2014 to 2019 and from June 2020 to April 2021 

only a small percentage of the metered values required modification. 
 

4.2.1 2020 DATA 

In 2020 there were three large gaps in spring flow data. No data were recorded between January 9 and 

February 20, between March 11 and April 15, and between May 14 and June 13. The data were 

apparently measured, but the paper records were incomplete. To adjust for the incomplete data, the 

days between when the last recorded measurement was taken and the subsequent measurement was 

recorded were assigned a flow rate equal to the prior days reading plus (or minus) an incremental flow 

amount equal to the total difference between the two readings and the number of missing days. This 

results in a smoothed transition of flow between the measurements that provides a good approximation 

of the natural decline in spring flows that would be expected over the missing time periods. The shape of 

ǘƘŜ ƛƴǘŜǊǇƻƭŀǘŜŘ ƭƻǿπ flow curve over the period from March 11 to April 15 2020, when daily data are 

missing, compares ŦŀǾƻǊŀōƭȅ ǘƻ ǘƘŜ ǎƘŀǇŜ ƻŦ ǘƘŜ Ŏƻƴǘƛƴǳƻǳǎƭȅ ǊŜŎƻǊŘŜŘ Ŧƭƻǿ Řŀǘŀ ŦǊƻƳ нлмпπнлмф ŀƴŘ 

2020 (Figure 4), and the interpolated data are considered useable for inclusion in analysis of the period 

of record flow data. 

 
4.3 SPRING FLOW DATA EVALUATION 

CƛƎǳǊŜ п ǎƘƻǿǎ ȅŜŀǊπƻǾŜǊπȅŜŀǊ рπŘŀȅ ŀǾŜǊŀƎŜ ǎǇǊƛƴƎ Ŧƭƻǿ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦƻǊ ŜŀŎƘ ΨǿŀǘŜǊ ȅŜŀǊΩ ŦǊƻƳ aŀȅ 

м ǘƻ !ǇǊƛƭ олΦ ¢ƘŜ ŀōǊǳǇǘ ŀƴŘ ŘǊŀƳŀǘƛŎ ŎƘŀƴƎŜǎ ƛƴ ƳŜǘŜǊŜŘ Ŧƭƻǿǎ ŘǳǊƛƴƎ ǘƘŜ ƘƛƎƘπǊǳƴƻŦŦ ǇŜǊƛƻŘ ŦǊƻƳ aŀȅ 

through August or September is indicative of measurements largely controlled by operation of the bypass 
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measurements from 2019, 2020, and 2021 
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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 

Spring being turned in to the system. It is only after the Side Spring and Schreiber Spring have been turned 

ƛƴ ǘƻ ǘƘŜ ŎƘƭƻǊƛƴŀǘƛƻƴ ǎǘŀǘƛƻƴ ǘƘŀǘ ȅŜŀǊπǘƻπȅŜŀǊ Ŧƭƻǿǎ Ŏŀƴ ōŜ ŘƛǊŜŎǘƭȅ ŎƻƳǇŀǊŜŘ ōŜŎŀǳǎŜΣ ŀǘ ǘƘŀǘ ǇƻƛƴǘΣ 

everything that is being produced by the spring complex (Phoenix Spring, Schreiber Spring and Side Spring) 

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

below). 

CƛƎǳǊŜ р ǎƘƻǿǎ ȅŜŀǊπƻǾŜǊπȅŜŀǊ рπŘŀȅ ŀǾŜǊŀƎŜ Ŧƭƻǿǎ ŘǳǊƛƴƎ ǘƘŜ ƭƻǿπŦƭƻǿ ƳƻƴǘƘǎ ƻŦ 5ŜŎŜƳōŜǊ ǘƘǊƻǳƎƘ 

April, which includes all of the spring flow data during February, March, and April when flows from the 

entire spring complex are being metered (see discussion in section 4.4 below). Overall, mean monthly 

Ŧƭƻǿǎ ŀǊŜ ƭƻǿŜǎǘ ƛƴ aŀǊŎƘΣ ōǳǘ ǘƘŜ ǎƛƴƎƭŜ ƭƻǿŜǎǘ Ŧƭƻǿǎ ŀǾŜǊŀƎŜŘ ƻǾŜǊ ŀ ŦƛǾŜπŘŀȅ ǇŜǊƛƻŘ όŦƛǾŜπŘŀȅ ǘǊŀƛƭƛƴƎ 

ŀǾŜǊŀƎŜύ ǘȅǇƛŎŀƭƭȅ ƻŎŎǳǊ ƛƴ ŜŀǊƭȅπ ǘƻ ƳƛŘπ!ǇǊƛƭ ό¢ŀōƭŜ мύΦ ¢ƘŜ ŘƛǎŎǊŜǇŀƴŎȅ ƛƴ ƳŜŀƴ ƳƻƴǘƘƭȅ ǾŜǊǎǳǎ ŦƛǾŜπŘŀȅ 

ŀǾŜǊŀƎŜ Ŧƭƻǿǎ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ǊŀǇƛŘ ǊƛǎŜ ƛƴ ǎǇǊƛƴƎ Ŧƭƻǿ ǘƘŀǘ ƻŎŎǳǊǎ ōŜƎƛƴƴƛƴƎ ƛƴ ƳƛŘπ ǘƻ ƭŀǘŜπ!ǇǊƛƭ όCƛƎǳǊŜ рύΦ 

¢ƘŜ ƭƻǿŜǎǘ ǊŜŎƻǊŘŜŘ рπŘŀȅ ŀǾŜǊŀƎŜ Ŧƭƻǿ ǿŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мпл ƎǇƳ όнлмΣрлл Ǝpd) in April, 2014. The 

lowest monthly average flow was approximately 158 gpm (227,000 gpd) in March, 2021. 
 

Table 1. Summary of ƭƻǿπŦƭƻǿ measurements 
 

Year 
aŜŀƴ CŜōπaŀǊŎƘ 
flow (gpm/gpd) 

Mean March Flow 
(gpm/gpd) 

[ƻǿŜǎǘ рπŘŀȅ ŀǾŜΦ 
flow (gpm/gpd) 

5ŀǘŜǎ ƻŦ рπŘŀȅ ŀǾŜΦ 
low flow 

2014 190.4 /  274,200 169.8 /  244,500 139.9 /  201,500 пκммπпκмр 

2015 198.0 /  285,100 191.0 /  275,000 186.7 /  268,800 оκрπоκф 

2016 224.1 /  322,700 206.2 /  296,900 191.8 /  276,200 пκнπпκс 

2017 215.2 /  309,900 195.1 /  280,900 181.8 /  261,800 пκнπпκс 

2018 202.2 /  281,200 186.3 /  268,300 169.3 /  243,800 пκмоπпκмт 

2019 179.2 /  258,000 174.8 /  251,700 165.0 /  237,600 пκмоπпκмт 

2020 192.4 /  277,100 175.9 /  253,300 159.2 /  229,200 пκмтπпκнм 

2021 163.4 /  235,300 157.8 /  227,200 148.1 /  213,300 оκомπпκп 

 
4.4 RELIABILITY OF FLOW MEASUREMENTS 

The calibration of the meters installed in the chlorination station were checked and validated by Yukon 

and Associates, Ltd. on 7/19/2021. Because the meters are confirmed to have been reading accurately, 

the meter values represent the minimum possible flow from the Phoenix Springs Complex at any given 

time. Because there are no records of when the Side Spring and Schreiber Spring were 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 one or both of the ancillary springs was being bypassed). The minimum flow numbers reported 

in Table 1 assume that both the Side Spring and Schreiber Spring were being directed to the CS during 

ƭƻǿπŦƭƻǿ periods, but the lack of records of when the bypasses were operated after 2016 make it possible 

that one or both were being bypassed in any given year after 2016. It 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 Table 1. The metered 

values Ŏŀƴ ōŜ ǊŜƭƛŜŘ ǳǇƻƴ ǘƻ ǇǊƻǾƛŘŜ ŀ ŎƻƴǎŜǊǾŀǘƛǾŜ ŜǎǘƛƳŀǘŜ ƻŦ ƳƛƴƛƳǳƳ ƳƻƴǘƘƭȅ ŀƴŘ ŦƛǾŜπŘŀȅ ŀǾŜǊŀƎŜ 

flows. 
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Figure 5. рπŘŀȅ average discharge from Phoenix Springs Complex during low flow period, Dec 1 to May 1 
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5 GUNSITE SPRING PRELIMINARY DATA 
 

! оπƛƴŎƘ tŀǊǎƘŀƭƭ ŦƭǳƳŜ ǿŀǎ ƛƴǎǘŀƭƭŜŘ ŀǘ DǳƴǎƛǘŜ {ǇǊƛƴƎ ōȅ ±¢{± ŀƴŘ [ŜƻƴŀǊŘ wƛŎŜ 9ƴƎƛƴŜŜǊǎΣ LƴŎΦ ό[w9ύ ƛƴ 

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 spring. VTSV and LRE 

measured flows during Summer and early Fall 2019 and 2020 (LRE, 2020). Flows measured by LRE ranged 

from a maximum of 365 gpm (525,600 gpd) on July 19, 2019 to a minimum of 69 gpm (99,360 gpd) on 

October 10, 2020 (Figure 4). The property where Gunsite Spring is located was subsequently purchased 

by Mr. Bob Corroon of Taos Land and Cattle Company I, LLC. GGI located and dug out the flume from 

beneath approximately 5 feet of snow in February, 2021. ¢ƻ ŘŜǘŜǊƳƛƴŜ DǳƴǎƛǘŜ ǎǇǊƛƴƎ Ŧƭƻǿ ŘǳǊƛƴƎ ƭƻǿπ 

flow conditions and throughout the year on behalf of Mr. Corroon, GGI has measured spring discharge on 

a weekly basis beginning on February 24, 2021. During this time period, Gunsite spring discharge 

(exclusive of the secondary spring discharge source) ranged from a low of 30 gpm (43,200 gpd) in late 

March and early April to a maximum of 300 gpm (430,200 gpd) as of August 19, 2021 (Figure 4). Although 

it is not known at present whether this source would be classified by NMED as groundwater or 

groundwater under the influence of surface water, it is DDLΩǎ recommendation that VTSV pursue 

development of the Gunsite Spring as an additional water source. Continued monitoring of flows is also 

recommended to better quantify potential flow available from Gunsite Spring. 

 

6 SNOTEL DATA 
 

Climate data (temperature, snow depth, snow water equivalent, and accumulated precipitation) are 

available from the Powderhorn SNOTEL site from August 8, 2009 to present3. Data from the SNOTEL site 

was downloaded and compiled for comparison to spring flows. Precipitation at the SNOTEL site occurs 

predominantly as snow from October/November to April/May and as rain for the remainder of the year. 

From 2011 to 2020 the average precipitation over a water year (WY; October 1 to September 30) has been 

36.4 inches, ranging from 19.1 inches in WY 2018 to 47.7 inches in WY 2017. The SNOTEL station records 

snow depth but, more importantly, records snow water equivalent (SWE) which is the moisture content 

of the snow recorded as inches of water. The accumulated 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 processed to calculate cumulative recharge as the snow pack melts. 

Figure 6 is a compilation of total annual precipitation (blue circles), cumulative annual snow (as SWE; grey 

circles) and total annual potential recharge (purple line). The timing and amount of total annual potential 

recharge was calculated as the daily decline in SWE (representing melting snow) plus the daily 

precipitation occurring as rainfall. The resulting value is the amount of liquid water added to the system 

and is termed potential recharge (rather than actual recharge) because some water may run off as 

overland flow, evaporate, or be lost through other processes. The maximum potential recharge occurs 

each year during the spring snowmelt, generally between April and June, resulting in the maximum spring 

flow during the same period. 
 
 
 

3 https://wcc.sc.egov.usda.gov/nwcc/site?sitenum=1168 
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Figure 6. Precipitation, Snow Water Equivalent (SWE) and Cumulative Potential Recharge from the Powderhorn SNOTEL 
site for the period of record. 
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7 RECHARGE AND SPRING FLOWS 
 

Figure 7 includes graphs allowing a visual comparison of total annual potential recharge to mean monthly 

spring flow (February and March combined [top] and just March [bottom]) for 2014 through 2021. Graphs 

on the left are for the ƻƴŜπȅŜŀǊ prior recharge and graphs on the right are the cumulative recharge for 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 reported4. Similar graphs were created using the prior 

ǘǿƻ ŀƴŘ ŦƻǳǊ ȅŜŀǊǎ ƻŦ ŎǳƳǳƭŀǘƛǾŜ ǇƻǘŜƴǘƛŀƭ ǊŜŎƘŀǊƎŜΣ ōǳǘ ǘƘŜ ƻƴŜπ ŀƴŘ ǘƘǊŜŜπȅŜŀǊ ǘƻǘŀƭǎ ǇǊƻǾƛŘŜŘ ǘƘŜ 

closest visual match. As can be seen on Figure 7, there is general agreement between potential recharge 

and spring flows, with wetter years (greater total potential recharge) corresponding to higher spring 

discharge. The exceptions to this general correspondence are: 

1) 2018, when the high potential recharge, representing primarily melting of the large 2017 snow 

pack, did not result in a corresponding increase in spring flows 

2) 2019, when the extremely low potential recharge, resulting from the historically low snowpack in 

2018, did not result in drop in spring flow of a corresponding magnitude, although there was a 

decline in flow. 

While the visual comparison of potential recharge to spring flow suggests a direct relationship between 

the two, scatter plots of potential rechŀǊƎŜ ǾǎΦ ǎǇǊƛƴƎ Ŧƭƻǿ όaŀǊŎƘ ŀƴŘ CŜōπaŀǊŎƘ ŎƻƳōƛƴŜŘύ ǎƘƻǿ ŀ 

relatively weak correlation (r2 ranging between 0.23 and 0.37, depending on the date ranges being 

compared). ¢ƘŜǊŜ ƛǎ ŀ ǎƭƛƎƘǘƭȅ ōŜǘǘŜǊ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǘƘǊŜŜπȅŜŀǊ ŎǳƳǳƭŀǘƛǾŜ ǇƻǘŜƴǘƛŀƭ ǊŜŎƘŀrge 

and spring flow than the ǎƛƴƎƭŜπȅŜŀǊ ǇƻǘŜƴǘƛŀƭ ǊŜŎƘŀǊƎŜ and spring flow (Figure 8). 

There is clearly a causal relationship between recharge from snowmelt and monsoonal precipitation and 

spring flow that can be assessed qualitatively with existing data. Spring flows increase as a direct result 

of snowmelt and large rainfall events (see Appendix B). Although the relationship between SWE from the 

preceding one to three ȅŜŀǊǎΩ snowpack and Phoenix spring flows cannot be quantified using the 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 the bypass lines shown on Figure 2 is necessary before a 

quantitative relationship can be established between recharge events and high spring flow rates. 

7.1 PIEZOMETER DATA 

In addition to the SNOTEL and Spring flow data described above, water level data are available for the 

period of September 2017 to September 2019 from five piezometers completed in the area above the 

Phoenix Springs Complex (Figure 9). Data from the piezometers show that the lowest water levels, which 

correlate with lowest spring flows, were observed 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 recharge to the shallow 

ŀǉǳƛŦŜǊ ŀƴŘ ǘƘŜ tƘƻŜƴƛȄ {ǇǊƛƴƎǎ /ƻƳǇƭŜȄΣ ǿƛǘƘ ŀƴ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нπǿŜŜƪ ƭŀƎ ǘƛƳŜ ōŜǘǿŜŜƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ 

ŜǾŜƴǘǎ ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ ŜƭŜǾŀǘƛƻƴ ǊƛǎŜκƛƴŎǊŜŀǎŜŘ ǎǇǊƛƴƎ ŘƛǎŎƘŀǊƎŜ όŜΦƎΦ {ŜǇǘπhŎǘƻōŜǊ нлмтύΦ This pattern 

is similar to displays of fast response to snowmelt and rainfall, followed by much slower, steady 

groundwater discharge observed in other alpine regions such as the European Alps, North American 

Cordillera, and Himalayas (Hayashi, 2020). 

 
4 For example, 2014 potential recharge is the total potential recharge from April 1, 2013 to March 31, 2014. 
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Figure 7. Annual cumulative potential recharge compared to Phoenix Spring flows for February and March combined (top) 
and March only (bottom), looking at same year potential recharge (left) and three-year cumulative potential recharge (right). 
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Figure 8. Annual cumulative potential recharge compared to Phoenix Spring flows for February and March combined (top) 
and March only (bottom), looking at same year potential recharge (left) and three-year cumulative potential recharge (right). 
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Figure 9. Piezometer locations showing groundwater flow direction measured on 7/23/2019 
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