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Introduction & Background 
The National Park Service Natural Resource Challenge (NRC) provides funding for water quality 
monitoring within National Park Service (NPS) units. The purpose is to track the attainment of the 
Service's long-term water quality strategic goal of significantly reducing pollution in park water bodies. 
The NPS is also committed to preserving existing pristine water quality in parks, including waters 
classified as Outstanding National Resource Waters (ONRW's) or state-equivalent listed waters.  As part 
of this initiative, starting in FY2003, the Southern Colorado Plateau Network (SCPN) received $124K per 
year from NPS Water Resources Division (NPS/WRD) to conduct water quality monitoring and assist in 
achieving the following NPS objectives:  
 

• Protection of designated uses which involve 303(d)-listed waters, Outstanding Natural Resource 
Waters, or other designated waterbodies under provisions of the Clean Water Act.   

• Documentation of water quality parameters that are vulnerable to alteration from various sources 
of contamination or land use practices. 

• Establishment of water quality parameters useful for indicating ecosystem integrity of particular 
water resources. 

• Establishment of baseline conditions. 
 

Specific SCPN aquatic resource monitoring objectives support management in relation to 303(d) listing of 
waters, designation of Outstanding National Resource Waters, and protection of designated uses. SCPN 
monitoring objectives also provide data for associated aquatic resource vital signs. SCPN aquatic 
resource objectives are to: 
 

• Determine status and trends in the water quality of selected streams and springs. Priorities for 
monitoring include impaired stream reaches and relatively pristine waters. 

 
• Determine status and trends in the composition and abundance of aquatic macroinvertebrate 

assemblages, and in the distribution and condition of aquatic macroinvertebrate habitats, in 
selected perennial streams. 

 
• Determine status and trends in spring discharge, habitat area, vegetation composition and 

structure, aquatic and riparian invertebrate composition and abundance, Rana pipiens 
occurrence; Hyla arenicolor abundance. 

 
• Determine status and trends in composition and structure of riparian vegetation along selected 

streams or stream reaches. 
 

• Determine status and trends in physical drivers of riparian ecosystems (i.e. stream flow, depth to 
water in alluvial aquifers and channel morphology) in selected streams or stream reaches. 

 
The emphasis of the NPS/WRD and the NRC is on water quality; however, the SCPN also acknowledges 
the importance of water quantity in the arid southwest.  In many of the fluvial ecosystems in this network, 
the impact of drought and flood events will far outweigh that of water quality.  Likewise, changes in 
regional aquifer levels influence flows from springs and affect ecological integrity of associated 
communities.  Monitoring water quantity, as well as quality, is essential in order to adequately address 
aquatic resource issues in the SCPN.  As recommended by the NPS/WRD, the network will integrate the 
design and implementation of water quality monitoring within the broader monitoring program.  
Consequently, water quality and water quantity issues will be considered simultaneously during the vital 
signs selection process.   
 
Southern Colorado Plateau Network Strategy  
Water quality monitoring will be fully integrated into the three-phase design effort currently underway in 
the SCPN.  In FY2003, SCPN water quality monitoring efforts included: 1) partnering with United States 
Geological Survey Water Resources Discipline (USGS/WRD) to synthesize electronically available water 
quality data for SCPN parks. In FY2004, the network continued funding of the USGS/WRD water quality 
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data synthesis (report to be completed in FY2006). A summary of the water quality database 
development is included in this appendix; 2) water resource scoping and data mining in SCPN to identify 
monitoring needs; 3) In March of 2004, SCPN held a two-day workshop to identify and prioritize vital 
signs relating to riparian and aquatic ecosystems. See Appendix G for a detailed description; and 4) In 
FY2005 NPS/WRD provided additional funding to conduct Level 1 Water Quality inventories of 57 key 
water bodies in 13 SCPN units (USGS report to be completed in FY2006).  These projects, in conjunction 
with existing information sources, will provide a sound basis for identifying and prioritizing long-term water 
quality monitoring needs.   
 
Task Agreement with USGS/WRD to Synthesize Available Water Quality Data  
In FY 2003, SCPN established a task agreement with USGS/WRD (Principal Investigator: Kirby Wynn, 
Western Slope Sub-District, Grand Junction, CO).  The project involves acquisition of water quality data 
(abiotic and biotic) that is available in electronic formats (Storet Legacy, Storet X, NPS, USGS NWIS, and 
State), construction of an MSAccess database similar to a database developed for NCPN, and 
performance of cleaning and QA/QC procedures to prepare the data for analysis.  A second phase of the 
agreement was designed to address data analysis and interpretation to identify trends and patterns in 
water quality and water quantity conditions, compare water quality conditions to selected standards, and 
assess the adequacy of existing data to meet monitoring objectives. A more complete description of the 
water quality database and associated products is included in this appendix. 
 
Water Resource Scoping and Park Data Mining to Identify Monitoring Needs 
For Phase I, the SCPN contracted Lynn Cudlip, Bio-Environs, Inc., to take the lead on SCPN park-specific 
water resource scoping.  In 2003, Lynn visited SCPN parks to meet with NPS personnel, become familiar 
with park resources and issues, and gather water-resource related information that might not be 
otherwise available.  The results of this effort were synthesized in narratives and returned to park staff for 
their review.  This effort assisted in describing water resource concerns and issues in SCPN.  Further 
input was provided by additional visits to the parks in FY2004, and research and data mining conducted 
by Colleen Filippone, hydrologist with the Southern Arizona NPS office. This appendix summarizes the 
results of water resource scoping with emphasis on water quality and provides an inventory of water 
bodies in SCPN parks. 
  
Level 1 Water-Quality Inventories 
In FY2005 NPS/WRD provided the USGS/WRD (Principal Investigator: Robert Hart, Flagstaff, AZ) with 
funding to support a Level 1 Water-Quality inventory of 57 key water bodies in 13 National Park Service 
(NPS) units in SCPN.  The Level 1 inventory is part of a nationwide program by the NPS Water 
Resources Division (WRD) to develop baseline water-quality information for key water bodies at NPS 
units throughout the United States.  The objective of this water-quality inventory is to obtain water-quality 
information for the key water bodies. This information will be used to describe the current chemistry and 
quality of the waters, to identify exceedance of established water quality standards, and to provide 
baseline information that will assist in determination of trends and/or future changes.  For Level 1 
purposes, water bodies are defined as those waters that are essential to the central cultural, historical, or 
natural resource management themes of the unit or that provide habitats for threatened or endangered 
plants and animals.  For this project they were selected through consultation with park resource 
managers. The basic chemical character and water-quality of the key water bodies will be described by 
analyzing a suite of selected water-quality parameters.   
 

Legal and Administrative Context for Monitoring Water Resources 
Numerous regulations and policies address the protection of water resources.  NPS managers must 
balance conservation of natural resources with visitor enjoyment and recreational use.  The following 
provides a general description of the federal, tribal, and state regulations and policies that influence 
condition and ensure fishable, swimmable and potable waters.  Authority for general resource monitoring 
is discussed in Chapter One of the SCPN Phase Three Report and in Appendix A (SCPN Parks 
Legislation Table).  Additional discussion of water resource specific legislation follows: 
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Federal Legislation and Executive Orders 
The Federal Water Pollution Control Act (the Clean Water Act 33 U.S.C. 1251, et. seq.), passed in 1972, 
set goals for fishable and swimmable waters by 1983 and no further discharge of pollutants into the 
nation's waterways by 1985.  These goals have been attained via two main programs.  First, a federal 
grant program made funds available for constructing municipal sewage treatment facilities.  Secondly, 
Title IV of the act limited further discharge of pollutants.  The National Pollutant Discharge Elimination 
System, a permit system for point-source dischargers, reflects the program’s "effluent limitation" 
approach.  Further, the Environmental Protection Agency has set limits for pollutants that may be 
released based on available technology and cost of treatment for various industrial categories. 
 
The Act also recognizes state primacy in managing and regulating the nation's water quality.  The states 
implement water quality protection, as promulgated by the Act, through water quality standards.  
Standards are comprised of classifications which represent designated uses for prescribed stream 
segments.  Identified standards include physical, chemical, and biological characteristics that, when 
applied to a segment, will ensure protection of the designated uses on that segment. 
 
One of three levels of protection is afforded any particular stream segment.  As the foundation, 
designated uses are protected, and degradation of water quality cannot extend beyond a level detrimental 
to the designated use or uses.  A second tier of protection is afforded those segments where water quality 
exceeds that which is needed to support swimming and fishing.  Only limited degradation can occur in 
these waters, and only after an anti-degradation review that disallows substantial impacts to water quality.  
Social and economic aspects of the impacts are considered in evaluating the activity which may impact 
the stream segments.  The last tier of protection calls for no degradation of the stream segment once it 
has been designated as such.  These waters are referred to as High Quality - Category 1, Class 1, 
Unique, or Outstanding Natural Waters depending on the state nomenclature. 
 
The Clean Water Act, with the 1987 amendments, introduced new initiatives with emphasis on non-point 
source pollution control programs, toxics controls, and management of coastal and near-coastal waters.  
In addition, Section 404 of the Act protects wetlands, as these have been interpreted to be waters of the 
United States.  
 
The Act induces parks to take part in triennial reviews, continue with monitoring programs, analyze 
available data, and interact with the states within which the parks reside.  Under Section 303(d) of the 
Clean Water Act, each state must prepare a list of waters that are not meeting their water quality 
standards.  The National Water Quality Inventory Report to Congress 305(b) is the primary vehicle for 
informing Congress and the public about general water quality conditions in the United States.  This 
document characterizes water quality, identifies widespread water quality problems of national 
significance, and describes various programs implemented to restore and protect waters (Environmental 
Protection Agency 2001a).  The lists of impaired waters contained in the 305(b) report must be submitted 
to EPA for review and approval every April of even years (Environmental Protection Agency 2001b).  In 
cases of impaired waters, Section 303(d) requires states to develop Total Maximum Daily Loads with 
oversight from the Environmental Protection Agency.  A Total Maximum Daily Load allocates pollution 
control responsibilities among pollution sources in a watershed and is the basis for taking actions needed 
to restore a water body. Table C1 shows the list of Section 303(d) listed waters that fall within the 
boundaries of SCPN parks. 

The Safe Drinking Water Act (40 CFR parts 141-144) (1974 and Amendments 1986) applies to developed 
public drinking water supplies.  It sets minimum national standards and requires regular testing of drinking 
water for bacterial contamination, metals, volatile organics, and nitrates.  At the bequest of the supplier, 
some testing can be waived.  Individual park units must assure that “water supply systems are properly 
operated and maintained..." (National Park Service 1993a). 
 
Where applicable, parks tests for total coliform and residual chlorine on schedules developed by the 
states for systems serving the public.  Bacteriological testing may occur bi-weekly.  Unless exempted, 
potable waters require testing for metals, nutrients and organics. 
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Table C1.  Impaired waters included on Section 303(d) list that are found inside SCPN park unit 
boundaries1. 
Name of 
Waterbody Description State 

Park 
Unit Exceedances 

Animas River 
From Estes Arroyo to the NM-CO 
border NM AZRU Temperature 

Capulin Creek 
From the mouth on the Rio 
Grande to the headwaters NM BAND 

Benthic/macroinvertebrate bioassessment and 
sedimentation 

Rito de los 
Frijoles Rio Grande to headwaters NM BAND Fecal coliform, temperature, DDT, and turbidity 

Colorado River 
Parashant Canyon to Diamond 
Creek AZ GRCA Selenium and suspended sediments 

Paria River Utah border to Colorado River AZ GLCA Suspended sediments and possibly turbidity 
On Planning List Due to Lack of Sufficient Data 

Lake Powell Entire Lake AZ GLCA 
E. coli exceedence in last 3 years, inconclusive data 
for other core parameters 

Colorado River Lake Powell to Paria River AZ GLCA Missing core parameters (total fluoride & total boron) 
1Information for this table from 2004 Integrated 505(b) Assessment and 503(d) Listing Report for Arizona and 
 2004-2006 State of New Mexico Integrated Clean Water Act 303(d)/305(b) Report Water Quality and Water Pollution Control in 
New Mexico  
 
The National Environmental Policy Act (42 USC 4371 et seq) requires that any major federal action which 
may significantly affect the environment (including the human environment) be reviewed via the National 
Environmental Policy Act process.  For example, major actions that correspond to the Endangered Fish 
Recovery Program of the Upper Colorado, remediation of abandoned mine sites or oil and gas sites, 
management of the floodplains where facilities or campsites are located, and discharge to wetlands may 
come under the auspices of the National Environmental Policy Act. 
 
The Endangered Species Act (1973) requires that all entities using federal funding must consult the 
Secretary of Interior on activities that potentially impact endangered flora and fauna (Section 6).  It 
requires agencies to protect endangered and threatened species as well as designated critical habitats.  
Four endangered fish species which inhabit the Colorado River in or near Grand Canyon National Park 
and Glen Canyon National Recreation Area fall under the auspices of the Endangered Species Act.  The 
Colorado pikeminnow (Ptychocheilus lucius), humpback chub (Gila cypha), razorback sucker (Xyrauchen 
texanus), and the bonytail chub (Gila elegans) are the species included in the Recovery Program for the 
Endangered Fishes of the Upper Colorado. 
 
The Government and Performance Act of 1993 (Public Law 103-62) implies that parks have means of 
measuring or quantifying results of management activities.  Regarding water quality, these indicators or 
threshold measures are intact in the form of water quality standards.  More importantly the 303(d) listing 
of water segments signifies the inability to meet certain standards.  Although it is the state’s job to institute 
total maximum daily loads and ensure that the contaminant is reduced, it is the park’s job to coordinate 
with the state and ensure that water quality standards can be met.  The Natural Resource Challenge 
proposes $2.9 million annually to fund park water quality monitoring.  Approximately 60% of the proposed 
funding is earmarked for monitoring impaired waters, and approximately 40% is for pristine waters 
(National Park Service 2000b). 
 
Executive Orders Influencing Water Resources 
Floodplain Management (E.O. 11988), ([3CFR 121(Supp 177)] addresses protection and management of 
floodplains.  The objective of this executive order is to "...avoid, to the extent possible the long- and short-
term adverse impacts associated with the occupancy and modifications of floodplains, and to avoid direct 
and indirect support of floodplain development whenever there is a practical alternative."  In effect, this 
order directs the parks to avoid development in floodplains and to adhere to the Floodplain Management 
Guidelines (National Park Service 1993b). 
 
In managing floodplains on park lands, the National Park Service will (1) manage for the preservation of 
floodplain values; (2) minimize potentially hazardous conditions associated with flooding; and (3) comply 
with the NPS Organic Act and all other federal laws and Executive Orders related to the management of 
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activities in flood- prone areas, including Executive Order 11988, NEPA, applicable provisions of the 
Clean Water Act, and the Rivers and Harbors Appropriation Act of 1899. 
 
The Protection of Wetlands Executive Order (E.O. 11990)[3CFR 121 (Supp 177)] directs federal agencies 
to "...avoid to the extent possible the long- and short-term adverse impacts associated with the 
destruction or modification of wetlands and to avoid direct or indirect support of new construction in 
wetlands whenever there is a practical alternative...".  This order stipulates that the park avoid impacts to 
wetlands. 
 
The Service will manage wetlands in compliance with NPS mandates and the requirements of Executive 
Order 11990, the Clean Water Act, and the Rivers and Harbors Appropriation Act of 1899, and the 
procedures described in Director’s Order 77-1: Wetland Protection.  NPS will (1) provide leadership and 
take action to prevent the destruction, loss, or degradation of wetlands; (2) preserve and enhance the 
natural and beneficial values of wetlands; (3) avoid direct and indirect support of new construction in 
wetlands unless there are no practicable alternatives and the proposed action includes all practicable 
measures to minimize harm to wetlands; (4) implement a “no net loss of wetlands” policy and strive for a 
longer term goal of net gains of wetlands across the park system through restoration; and (5) restore 
those wetlands that have been degraded or lost due to human actions. 
 
The Service will conduct or obtain parkwide wetland inventories to help ensure proper planning with 
respect to the management and protection of wetland resources.  Additional, more detailed wetland 
inventories will be conducted in areas that are proposed for development or are otherwise susceptible to 
degradation or loss due to human activities. 
 
When practicable, the Service will not simply protect, but will seek to enhance natural wetland values by 
using them for educational, recreational, scientific, and similar purposes that do not disrupt natural 
wetland functions. 
 
For proposed new development or other new activities, plans, or programs that are either located in, or 
otherwise have the potential for direct or indirect adverse impacts on wetlands, the Service will employ 
the following sequence: 
 

• Avoid adverse wetland impacts to the extent practicable; 
• Minimize impacts that cannot be avoided; and 
• Compensate for remaining unavoidable adverse wetland impacts by restoring wetlands that have 

been previously destroyed or degraded. 
 
Compensation for wetland impacts or losses will require that at least one acre of wetlands be restored for 
each acre destroyed or degraded. 
 
Actions proposed by the NPS that have the potential to cause adverse impacts on wetlands must be 
addressed in an environmental assessment or an environmental impact statement.  If the preferred 
alternative will result in adverse impacts to wetlands, a statement of findings must be prepared and 
approved in accordance with Director’s Order #77- 1. 
 
Tribal Laws Affecting Water Resources 
Four SCPN parks (Chaco Culture National Historical Park, Canyon de Chelly National Monument, 
Hubbell Trading Post National Historic Site, and Navajo National Monument) are located within the 
Navajo Nation.  Tribal law related to water resources extends to these parks.  The Navajo Nation 
Environmental Protection Agency houses the Water Quality/NPDES program.  The policy of the Navajo 
Nation Council is to protect the health, safety, welfare and environment of the Navajo Nation and its 
residents.  Also the Council finds that degradation of the Navajo Nation’s waters shall be minimized.  To 
that end, the Director of the Navajo Nation Environmental Protection Agency promulgates water quality 
standards and establishes designated uses of 1) public water supply, 2) protection and propagation of 
fish and wildlife, 3) recreation purposes, 4) agriculture, 5) industry and other purposes taking into account 
their use and value for navigation and the cultural value and use of the water.  While they do not have to 
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conduct triennial reviews or develop 305(b) reports, they do prepare a yearly water quality monitoring 
report (Navajo Nation, Water Quality/NPDES staff, pers. comm., 8/12/03). 
 
State Water Resources Legislation 
The River Network (2002) provides a link to each state’s actions regarding the Clean Water Act including 
listing of designated uses, anti-degradation policies and implementation of total maximum daily loads, and 
Tier III waters (summarized in Table C2).   
 
State of Arizona 
The Arizona Department of Environmental Quality is the state regulatory agency charged with protecting 
human health and the environment by enforcing standards of quality for Arizona's air, land and water.  
The Department's Water Quality Division regulates drinking water and wastewater systems, monitors and 
assesses waters of the state, and provides hydrologic analysis to support hazardous site remediation.  
The state outlines ten designated uses ranging from domestic water source to fish consumption to 
aquatic and wildlife uses, to agricultural livestock watering.  They do enforce anti-degradation policies for 
various waters, and also have a Tier III category that they refer to as “Unique waters” (Table C2). 
 
The Department of Environmental Quality issues permits to prevent groundwater contamination through 
the Aquifer Protection Permit program.  Many communities in the state depend on groundwater as their 
principal source of drinking water.  To protect such uses, the comprehensive groundwater management 
program in Arizona requires that the department regulate discharge of pollutants that may adversely 
impact aquifers.  The Aquifer Protection Program is responsible for issuing permits to regulate pollutants 
discharged by facilities, including new and existing mines, wastewater treatment plants, and industrial 
facilities. 
 
The Arizona Department of Water Resources is the state agency that regulates groundwater withdrawals 
and surface water supply.  The groundwater regulatory powers focus primarily on areas of the state that 
have been designated as Active Management Areas.  These areas are located where competition for 
groundwater is most intense, such as in larger cities and surrounding areas.  Within each of the five 
management areas, there exists a groundwater rights system that limits groundwater withdrawals; 
prohibits the development of new irrigated farmland; requires new subdivisions to have long-term 
dependable supplies; and requires measuring and reporting of groundwater withdrawals. 
 
Two programs within the Arizona Department of Water Resources provide grant money and assistance 
for entities wishing to protect their water resources.  The Arizona Water Protection Fund provides an 
annual source of monies for the development and implementation of measures to protect water of 
sufficient quality and quantity to maintain, enhance, and restore rivers and streams and associated 
riparian habitat.  Through the Rural Arizona Watershed Alliance Initiative, the Department assists citizen 
organizations and local governments by providing technical information and analysis, administrative 
support, and advice on water issues.  Over the past four years, the Department has provided substantial 
planning assistance to rural areas with expanding populations, limited groundwater resources and unique 
environmental features. 
 
State of Colorado 
The Colorado Department of Public Health and Environment is charged with conserving the state’s 
waters and protecting, maintaining, and improving water quality for wildlife, aquatic biota, and domestic, 
agricultural, industrial, recreational, and other beneficial uses.  The Water Quality Control Commission is 
the administrative agency responsible for developing specific state water quality policies.  It adopts water 
quality classifications and standards for surface and ground waters of the state, as well as various 
regulations aimed at achieving compliance with those classifications and standards.  The Water Quality 
Division serves as staff to the commission and provides them with recommendations based on 
assessment of the state’s waters. 
 
The state notes nine designated uses of water and their anti-degradation policy relates to those waters 
where existing water quality shall remain the same and discharges to the waters will cause impairment 
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only when economic and social needs outweigh the benefits of maintaining the existing water quality 
(Table C2).   
 
Within the Department of Natural Resources, the Division of Water Resources, headed by the State 
Engineer, ensures the competent distribution of water and administers water rights through the 
appropriation doctrine.  This division also permits groundwater wells and provides water supply statistics, 
and surface flow data.  The Colorado Water Conservation Board ensures the development, protection, 
and management of Colorado’s waters.  It is the only entity that can hold an instream water right. 
 
State of New Mexico 
The New Mexico Environment Department oversees water quality resources through their respective 
Surface Water and Ground Water Quality Bureaus, and the New Mexico Office of the State Engineer 
oversees quantity issues such as appropriation. 
 
The basic authority for water quality management in New Mexico is provided through the State Water 
Quality Act (§§74-6-1 et seq., NMSA 1978).  This law establishes the Water Quality Control Commission 
as the state water pollution control agency for all purposes of the Clean Water Act, and the wellhead 
protection and sole source aquifer programs of the Safe Drinking Water Act (§ 74-6-3. E., NMSA 1987).  
New Mexico’s current water quality standards define goals for a waterbody by designating uses, setting 
criteria to protect those used, and establishing provisions to protect water quality from pollution.  
Designated uses include fisheries; domestic, industrial and municipal water supplies; irrigation and 
livestock; and wildlife habitat (Table C2). 
 
The state has an anti-degradation policy which notes that existing water quality must be maintained.  
Also, where water cannot meet state water quality criteria, the uses may not be diminished nor the quality 
degraded unless economic and social development outweighs that degradation.  Lastly, ONRW waters 
may not be degraded.  Changes to the language that describes the anti-degradation policy are presented 
in “Proposed Changes to Water Quality Standards, Public Discussion Draft, Feb. 21, 2003” 
(www.nmenv.state.nm.us), and there is a substantial addition regarding establishment procedures for 
ONRW waters. 
 
The Ground Water Quality Bureau preserves, protects and improves New Mexico’s groundwater quality 
through several programs.  For example the Pollution Prevention Section develops and implements 
statewide programs to protect groundwater and to provide pollution abatement strategies.  This section 
also issues discharge permits, modifications and renewals.  The state has ground water quality 
standards, available at the state’s website. 
 
Other efforts relating to water quality include the Watershed Protection Program whose mission is to 
develop and implement ways to help reduce human-induced pollutants from non-point sources in surface 
and ground waters. 
 
The New Mexico Office of the State Engineer and the Interstate Stream Commission are separate, 
companion agencies charged with administering the state’s water resources.  These agencies have  
power over supervision, measurement, appropriation and distribution of almost all surface and 
groundwater in New Mexico, including streams and rivers that cross state boundaries 
(www.seo.state.nm.us). 
 
State of Utah 
The Utah Department of Environmental Quality recognizes that pollution of the waters of the state 
constitutes a menace to public health and welfare, creates public nuisances, and is harmful to wildlife, fish 
and aquatic life.  Thus, the Division of Water Quality oversees the protection of the state’s surface waters.  
These waters are protected for domestic purposes, recreation, fisheries, wildlife, and agricultural uses 
(Table C2). The anti-degradation policy relates to waters in Tier II that are neither use-protected nor high 
quality.  Discharges to these waters are reviewed in light of degradation versus economic and social 
benefits.  Tier III waters, called “High Quality Waters – Category 1 or Category 2” are most protected.  
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However, a point discharge may be allowed in Category 2 water if it does not degrade existing water 
quality.  The State of Utah has no streamflow, biological criteria or guidance for water quality. 
 
The Division of Water Resources provides comprehensive water planning, manages the state’s water 
resource construction programs, and protects Utah’s rights to interstate water.  The Division of Water 
Resources also oversees ground water.  Standards and classifications are applied to groundwater 
sources such that operation of facilities that discharge to the groundwater are regulated and permitted.  
Aquifers in the state of Utah are classified as well. 
 
The Division of Water Rights administers the appropriation of water rights for beneficial use.  Also, this 
division regulates activities affecting the bed or banks of streams through a permitting process. 
 

Non-NPS Water Resources Inventory and Monitoring Efforts 
Southern Colorado Plateau Network parks reside in four states and some parks are also within the 
Navajo Nation.  Each of these entities has specific departments overseeing water resources.  The division 
or bureau responsible for water quality periodically reviews current water quality data and implements 
changes to state standards and designated uses based on these analyses.  State water resources 
departments monitor surface water quantity as it relates to water rights. In some cases they also monitor 
groundwater quality and water levels.  Due to the importance of groundwater in the SCPN region, 
programs addressing groundwater are critical.  The Arizona Water Resources Department, through their 
Water Protection Fund, funded a three-year study on seeps and springs along the south rim of the Grand 
Canyon (Grand Canyon Wildlands Council 2004). The State of Arizona also funded a separate hydrologic 
and biologic inventory of springs near the north rim of the Grand Canyon (Grand Canyon Wildlands 
Council 2002). 
 
The USGS/WRD is involved in hydrologic monitoring and research in or near many SCPN parks (Figure 
C1).  The USGS/WRD works cooperatively with Mesa Verde National Park, providing equipment and 
technical expertise for water sampling.  In turn, NPS/WRD manages a streamflow gaging station on the 
Mancos River in the park. In BAND, at various times the USGS/WRD has operated streamflow gaging 
stations on Rito de los Frijoles (0831350) just below the Monument’s headquarters. This gage is currently 
managed by Los Alamos National Laboratory. During the 1990s the USGS/WRD collected water quality 
data at the gage as part of the Upper Rio Grande National Water Quality Assessment program.  At 
Petroglyph National Monument, the USGS/WRD operates a streamflow monitoring gage (08329938) on 
Lareda Arroyo, and at CACH there is a USGS/WRD gauge on Chinle Wash near the park headquarters 
(09379025). At NAVA, WACA, and WUPA, and HUTR, a USGS/WRD-NPS partnership completed Level 
1 Water Quality Inventories and assists with water quality monitoring at Hubbell Trading Post National 
Historic Site. Level 1 Water Quality inventories are being conducted an additional 13 SCPN parks during 
2005.  The USGS installed a network of crest-stage gauges to monitor high flows on Walnut Creek in 
WACA. The USGS/WRD assessed the chemistry of water discharging from springs along the South Rim 
of the Grand Canyon (Monroe et al., 2005).  At GLCA, the USGS/WRD is involved with evaluating 
recreational use impacts on water quality in several side canyons and in sediments at the upstream end 
of Lake Powell (Hart et al. 2005). 
 
The USGS, through the Grand Canyon Monitoring and Research Center (GCMRC), coordinates 
numerous studies relating to flows in the Colorado River below Glen Canyon Dam.  Currently, they have 
projects relating to sand transport, sediment transport, and water quality in the Colorado River 
ecosystem.  As part of this program, the USGS maintains gaging stations on the Colorado River near 
Lees Ferry, on the Paria River near Lees Ferry, on the Little Colorado River near the confluence with the 
Colorado River, on the Colorado River near Phantom Ranch, and on the Colorado River near Diamond 
Creek. The GCMRC, located in Flagstaff, Arizona, is the cornerstone of the Glen Canyon Dam Adaptive 
Management Program (AMP).  The GCMRC measures effects of Glen Canyon Dam operations on 
resources along the Colorado River from Glen Canyon Dam to Lake Mead.  The GCMRC's scientific 
activities contribute to meeting the statutory requirements placed on the Secretary of the Interior by 
Congress via the 1992 Grand Canyon Protection Act, the 1995 Glen Canyon Dam Environmental Impact 
Statement, and the 1996 Record of Decision (Gloss et al. 2005). 
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Table C2.  State-specific Water Quality Regulation and Legislation for Arizona, Colorado, New Mexico, and Utah.  
 Arizona Colorado New Mexico Utah 
Water Quality 
Agency  

Arizona Dept. of Environmental 
Quality Water Quality Division 

Colorado Dept. of Public Health and 
Environment 

New Mexico Environment Department Utah Department of Environmental 
Quality 

Designated 
Uses 

Domestic water source  
Full body contact recreation  
Partial body contact recreation  
Fish consumption  
Aquatic and wildlife (cold water 
fishery)  
Aquatic and wildlife (warm water 
fishery)  
Aquatic and wildlife (ephemeral 
water)  
Aquatic and wildlife (effluent 
dependent water) 
Agricultural irrigation 
Agricultural livestock watering  

Aquatic Life Cold 1 
Aquatic Life Cold 2 
Aquatic Life Warm 1 
Aquatic Life Warm 2 
Domestic Water Supply 
Recreation 1a 
Recreation 1b 
Recreation 2 
Agriculture 

Coldwater fishery 
Domestic water supply 
Fish culture 
High quality coldwater fishery, 
Irrigation 
Irrigation storage 
Limited warm water fishery 
Livestock watering 
Marginal coldwater fishery 
Municipal and industrial water storage 
Municipal and industrial water supply 
Primary contact 
Secondary contact 
Warm water fishery 
Wildlife habitat. 

Domestic water systems (raw) 
Domestic water systems (treated) 
Recreational and Aesthetic 
Primary Contact recreation  
Secondary contact recreation  
Use by aquatic wildlife 
Cold water species of game fish 
Warm water species of game fish 
Non-game fish 
Waterfowl and other wildlife 
Severely habitat-limited waters 
Agricultural uses (livestock, irrigation) 
Great Salt Lake 

Streamflow 
criteria 

No information No No, but see “Proposed changes to 
Water Quality Standards, Public 
Discussion Draft, Feb. 21, 2003” 
(www.nmenv.state.nm.us). 

no 

Biological 
Criteria or 
guidance 

no No In process “unlawful… to discharge or place any 
waste or other substance in such a 
way as will be or may become 
offensive such as unnatural deposits, 
floating debris, oil, scum or other 
nuisances such as color, odor or 
taste; or cause conditions which 
produce undesirable aquatic life or 
which produce objectionable tastes in 
edible aquatic organisms; or result in 
concentrations or combinations of 
substances which produce 
undesirable physiological responses 
in desirable resident fish, or other 
desirable aquatic life, or undesirable 
human health effects…” 

Antidegradation 
policy 

State's Surface Water Quality 
Standards rules at R18-11-107. 
Guidance document entitled 
"Implementation Guidelines for the 
State of Arizona Antidegradation 
Standard. 

"Basic Standards and Methodologies 
for Surface Waters" (5 CCR 1002-31) 

New Mexico has antidegradation 
incorporated into the Water Quality 
Standards in Section 20.6.4.8 NMAC 

"R317-2 Standards of Quality for 
Waters of the State." 

Tier III waters 18 “Unique” waters “Outstanding Waters” (no formal list) None listed “High Quality Waters” 
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The GCMRC operates within the AMP to define research objectives and develop monitoring programs to 
meet information needs of the AMP.  The Adaptive Management Working Group is comprised of a 
diverse group of stakeholders, including: Department of Interior agencies (Bureau of Indian Affairs, 
Bureau of Reclamation, Fish and Wildlife Service, National Park Service), Western Area Power 
Administration, Colorado River Basin States, Native American Tribes, Colorado River Energy 
Development Association, recreational users and environmental organizations (www.gcmrc.org). 
 

 
Figure C1.  Streamflow gaging stations along water systems in or near the Southern Colorado 
Plateau Network park units.  The purpose of the gaging stations is to monitor water-quantity and quality 
status and trends, providing data to support hydrologic research, reservoir operations, flood warning 
systems, and drought forecasting (http://water.usgs.gov/).    
 

The USGS is also extensively involved in groundwater monitoring.  At Chaco Culture National Historical 
Park, USGS researchers from Boulder, Colorado are assessing utilization of subsurface water by plants 
in Chaco Wash.  In northern Arizona, the USGS/WRD monitors the regional Coconino Sandstone (C) and 
Navajo Sandstone (N) aquifers. These efforts relate to understanding the hydrogeology, water quality, 
and ground-water budget in a region where readily available groundwater is limited and concerns about 
groundwater depletion exist. As part of this effort, depth to groundwater and water chemistry have been 
periodically measured at wells in Petrified Forest National Park, Sunset Crater, Walnut Canyon, and 
Wupatki National Monuments, and at numerous other locations in northeastern and north-central Arizona.  
 
The Navajo Nation Water Quality/NPDES Program staff monitors water quality throughout Navajo tribal 
lands.  Specifically, the Navajo Nation monitors Chaco Wash downstream of Chaco Culture National 
Historical Park near the confluence with the San Juan River, Tsaile Creek near Tsaile Lake, and Chinle 
Wash at Mexican Water downstream of Canyon de Chelly National Monument, Colorado Pueblo Wash 

http://water.usgs.gov/
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upstream and within Hubbell Trading Post National Historic Site, and Laguna Creek downstream of 
Navajo National Monument.  In some cases, the Navajo Nation Environmental Protection Agency assists 
with water resource monitoring or restoration.  At Hubbell Trading Post National Historic Site, the Navajo 
Nation provides in-kind services of water quality and quantity monitoring at the ongoing Pueblo Colorado 
Wash restoration site.  The Navajo Nation also inventories plants, birds, mammals, reptiles, and 
amphibians jointly with the SCPN Inventory and Monitoring program. Likewise, the Navajo Nation has 
prioritized watersheds in an effort to address deteriorated ecosystems. The Canyon de Chelly watershed 
was identified as the number one watershed in need of study and remediation.  
 
Local Soil and Conservation Districts are instrumental in assisting with watershed assessments and 
restoration efforts.  The Chinle Soil and Water Conservation District plays a role in the multi-agency effort 
to address the degraded Canyon de Chelly watershed.  Likewise, four Soil and Conservation Districts 
near Salinas Pueblo Missions National Monument received funding for brush management, construction 
of firebreaks, erosion control, and critical area plantings.  The entire effort revolves around recharging the 
Estancia Basin to the east of the park unit.  The basin has witnessed a decline in water table and 
concomitant decline in water quality.  The NRCS plays a supportive role in these efforts. 
 
Lands managed by the US Forest Service (USFS) and the Bureau of Land Management (BLM) are 
adjacent to some of the parks.  Baseline water quality data and inventory reports completed by the 
NPS/WRD indicate that these agencies monitored water quality in the past, but it is currently unknown 
whether they have continued these efforts.  The USFS cooperated with NPS and other agencies at El 
Malpais National Monument to develop a restoration plan for a part of the Aqua Fria, an intermittent 
stream that flows southeast from the Cibola National Forest (Kunkle et al. 2002).  To the south and east 
of this monument, the BLM has previously monitored water quality (NPS 2000a).  Bandelier National 
Monument and the USFS were mandated by Congress to develop a joint watershed management plan 
for the Dome area that encompasses the headwaters of at least four drainages on the monument and 
Santa Fe National Forest lands.   
 
The Los Alamos National Laboratory has an extensive array of test wells, monitoring wells, and surface 
water monitoring sites throughout the Los Alamos area near Bandelier National Monument in New 
Mexico.  Their efforts are geared towards understanding the geology, hydrogeology, water chemistry, and 
the presence and movement of contaminants. 
 
SCPN Water Resources within Colorado Plateau Ecoregion Context 
Water Resource Significance across the Colorado Plateau 
The semi-arid to arid nature of the Colorado Plateau region increases the importance of any water source 
that exists therein. Clearly, whether the source is a seep that supports a small enclave of wetland plant 
species, or the Colorado River slowly carving a canyon through the plateau, these are precious desert 
waters and they are vulnerable to an array of threats. 
 
Surface Water 
Within the Southern Colorado Plateau Network of parks, Grand Canyon National Park and Glen Canyon 
National Recreation Area support the largest water resources.  Both parks encompass portions of the 
Colorado River that harbor endangered fish species.  They also have innumerable springs and seeps that 
provide habitat for plant species such as maidenhair fern, shooting star, and scarlet monkeyflower.  
Reptiles, amphibians, small and large mammals, invertebrates, and birds require these sources of water 
for periods during their life cycles.   
 
The Colorado River corridor parks support one of the most diverse floras and faunas in the southwest.  
Grand Canyon National Park, because of its large elevation relief and diverse geological strata, has a 
particularly rich biota.  Much of the biodiversity in these parks centers on permanent springs (Spence 
2002).  These parks also have hundreds of perennial, intermittent and ephemeral streams flowing into the 
mainstem Colorado, many supporting riparian areas.  Major tributaries to the Colorado River in these 
parks include the Escalante, Little Colorado, Dirty Devil, Paria, and San Juan Rivers. These tributaries 
dissect and drain well over 60,000 km2 of the Colorado Plateau. Of concern along these river corridors is 
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invasion of riparian areas by non-native plant species such as tamarisk, Russian olive, ravenna grass, 
and camelthorn. Tinajas, tanks of perennial water captured from runoff, typically support a small wetland 
area at their perimeter.  Coupled with small rock pools (potholes), they serve as important water sources 
for wildlife and invertebrates. The largest exposed surface water body on the Colorado Plateau is Lake 
Powell at Glen Canyon.  This reservoir varies in size from 21,000 hectares to 66,000 hectares and the 
shoreline fluctuates from 1,590 kilometers to 3,150 kilometers in length (Glen Canyon National 
Recreation Area, no date).  The evaporative loss from this surface is approximately 500,000 ac-feet per 
year (Glen Canyon National Recreation Area 1987).   
 
Four SCPN park units have rivers that form part of their boundary. These include The Animas River at 
Aztec Ruins National Monument, the Rio Grande at Bandelier National Monument, the Mancos River at 
Mesa Verde National Park, and the Little Colorado River at Wupatki National Monument. 
 
Small, perennial drainages dominate a few park units including Rito de los Frijoles Creek, Alamo Creek, 
and Capulin Creek at Bandelier National Monument; Tsaile Creek, Wheatfields Creek, Coyote Wash, and 
Black Rock Canyon in Canyon de Chelly National Monument; Pueblo Colorado Wash at Hubbell Trading 
Post National Historic Site; and Keet Seel at Navajo National Monument. 
 
Intermittent or ephemeral washes mark most of the Southern Colorado Plateau parks, and many of them 
have been altered to enhance streambank stability, channel flow, water storage, or to provide drainage 
for stormwater. El Malpais National Monument anticipates restoration of Agua Fria Creek.  Chaco Wash 
at Chaco Culture National Historical Park and stream channels in Canyon de Chelly National Monument 
incised rapidly during the 1900s. The incision at both parks was probably the result of stabilization efforts, 
and at Canyon de Chelly National Monument was exacerbated by the invasion of non-native species. The 
drainages at Petroglyph National Monument only carry water during intense rainstorms, and recent urban 
development near the park could increase runoff rates. 
 
Tinajas, potholes, and small pools at El Morro National Monument and Salinas Pueblo Missions National 
Monument are the only discernable water sources within vast areas and are critical water sources for 
wildlife, which gain from having these surface waters untrammeled. 
 
Groundwater 
Groundwater is a key water source in this arid and semi-arid region. In much of the region, groundwater is 
only present at great (> 500 m) depths below land surface. The Coconino (C) and Navajo (N) aquifers are 
of particular importance to several park units. Petrified Forest National Park, Hubbell Trading Post 
National Historic Site, and the Flagstaff parks (Sunset Crater, Walnut Canyon, and Wupatki National 
Monuments) obtain their water supplies from the C aquifer. Navajo National Monument obtains water 
from the N aquifer. Water is supplied to Grand Canyon National Park from a large spring discharging from 
the Redwall-Muav aquifer. Wildlife and various plant species thrive at springs associated with these 
aquifers. 
 
In SCPN parks groundwater also occurs in perched aquifers and shallow alluvial settings near stream 
channels. Bandelier National Monument is pressed with understanding flowpaths associated with local 
perched aquifers and sub-surface linkages with regional aquifers that support its riparian areas and 
springs.  Pathways for contaminants associated with the Los Alamos Laboratory remain undefined.  
Chaco Culture National Historical Park, Canyon de Chelly National Monument, Hubbell Trading Post 
National Historic Site, Petrified Forest National Park, and Salinas Pueblo Missions National Monument all 
rely on shallow sub-surface aquifers for maintenance of riparian areas and springs. With the exception of 
Aztec Ruins National Monument, Mesa Verde National Park, and Petroglyph National Monument, all 
SCPN parks depend on groundwater to meet the needs of visitors and employees. Yucca House National 
Monument does not have a water supply. 
 
Anthropogenic Uses 
Irrigation practices are potentially important for two park units: Aztec Ruins National Monument, and 
Hubbell Trading Post National Historic Site.  The former Monument is contemplating re-establishment of 
irrigated orchards, and the latter is in the planning stages of establishing a model farm operation, in 
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cooperation with residents of the community of Ganado (Hubbell Trading Post National Historic Site 
2003).  Irrigation water is a boon for these park units, but may negatively effect natural systems and may 
carry contaminants in return flows. 
 
Natural resources provide important visitor attractions; however, cultural resources were the basis for the 
establishment of most SCPN parks. Water can impact cultural resources, and several parks, including 
Aztec Ruins National Monument, El Morro National Monument, Salinas Pueblo Missions National 
Monument, Mesa Verde National Park, and Chaco Culture National Historical Park have taken measures 
to drain water away from archeological sites. 
 
Predominant Threats to Water Resources 
Several general, network-wide, water-quality and quantity related issues have been highlighted through 
interviews with park managers, in NPS water quality data analysis reports, and in NPS water resources 
scoping and management plans.  These include: 

• groundwater depletion from urban and/or industrial development 
• recreational impacts 
• invasive exotics 
• external, internal, or trespass livestock 
• water diversion related to either storage facilities or upstream irrigation 
• erosion and sedimentation occurring from a number of stressors, and 
• climate trends and extreme events 

 
Fourteen of nineteen SCPN parks expressed concern about current or potential groundwater depletion.  
Loss of groundwater may lead to decreased discharge at springs and seeps and reduced flows in 
streams and rivers, potentially causing decline of the biotic communities associated with riparian areas 
and wetlands around seeps and springs. Groundwater depletion in the parks is linked to urban, rural, and 
municipal development and industrial development related to coal mining and oil and gas drilling. 
 
SCPN parks also identified recreational impacts, including contamination from fecal matter, trampling, 
sedimentation and erosion as issues of concern.  Invasive plant species such as tamarisk (Tamarisk spp.) 
and Russian olive (Elaeagnus angustifolia) were a concern in at least seven park units.  These exotics 
compete with natives and extract large amounts of water.   Livestock grazing internal and external to 
parks continues to hamper sound management of riparian areas.  Finally, erosion, nutrient inputs and 
sedimentation are outcomes of a variety of stressors. 
 
Bandelier National Monument, Canyon de Chelly National Monument, Grand Canyon National Park, 
Mesa Verde National Park, Salinas Pueblo Missions National Monument, Walnut Canyon National 
Monument, Wupatki National Monument, and Yucca House National Monument all recognize that surface 
water diversions have impacted park water resources and associated biotic communities. 
 
Cycles of erosion and deposition occur naturally in arid environments, and streams in the southwestern 
US typically transport large volumes of sediment. Degradation of fluvial systems can result in accelerated 
rates of channel erosion. Sediment transported in the water column may be construed as a pollutant in 
some systems, and excessive sedimentation or siltation can lead to loss of habitat for aquatic 
invertebrates. Arid riverine systems and their associated biota are adapted to highly variable flow 
regimes; however, unnaturally high rates of sediment flux due to human activities may interrupt the 
inherent resilience of native biotic communities. 
 
Other threats specific to SCPN parks are coal or uranium mining, which may lead to ground water 
depletion, surface erosion, or water quality impairment and pesticide use, which may cause 
contamination of surface water at several parks. Specifically, two parks (Mesa Verde National Park and 
Yucca House National Monument) surmised that aerial spraying of pesticides has impacts on water 
quality, and at Bandelier National Monument the use of DDT was documented during the 1950s and 
1960s and had severe impacts on streams in the park.  The presence of radionuclides is a concern at 
several parks and contamination resulting from activities at Los Alamos National Laboratory near 



Southern Colorado Plateau Network Phase Three – Appendix C – SCPN Water Resources 

- C15 - 

Bandelier National Monument also poses a substantial threat.  Potential infrastructure impacts such as 
leaky wastewater treatment systems and runoff from paved areas also exist at numerous parks.   
 
While few SCPN parks identified oil and gas exploration, catastrophic fire, flooding and stormwater 
drainage as immediate threats, these stressors cause severe impacts to water quality and quantity when 
and where they occur.  Oil and gas exploration can lead to groundwater depletion and addition of saline 
waters to surface waterbodies.  Catastrophic fires such as those that occurred recently in Bandelier 
National Monument and Mesa Verde National Park contribute to increased flooding, erosion, loss of biotic 
communities, and general water quality degradation related to sedimentation and ash accumulation. The 
threat of increased stormwater drainage due to urban development may alter natural drainage patterns, 
and cause increased erosion and sedimentation in Petroglyph National Monument. 
 
Of major concern to at least five SCPN parks was atmospheric deposition of industrial contaminants. 
Coal-fired power plants, urban development, and vehicles all produce contaminants contributing to the 
degradation of regional air quality.  However, the link between atmospheric deposition and water quality 
has not been defined. Finally, climate trends were identified as a concern in all parks.   
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USGS/WRD Water-Quality Database and Data Synthesis Project 
 
As part of the SCPN Phase 1 and 2 water-quality vital signs process, the network entered into an 
interagency agreement with USGS/WRD to cooperate in the acquisition, management, and synthesis of 
existing water-quality data associated with the waters of the SCPN parks. The USGS/WRD-Colorado 
developed a water-quality database for all SCPN parks. Following is a brief description of the 
development; the utility and analysis approach used for the database is provided. The database enables 
assessment of the temporal and spatial distribution characteristics of water-quality data available for the 
19 SCPN park units. For the purpose of developing the Water-Quality Vital Signs Monitoring Plan, this 
database provides a useful tool for evaluation of historical water-quality of the waters in and surrounding 
SCPN park units, and determination of historical and current water-quality conditions in and near these 
parks. SCPN plans to maintain and update the water-quality database, enabling it to serve as a dynamic 
tool for the network’s long-term water-quality monitoring and analysis needs. A detailed database 
document was prepared separately as part of the USGS/WRD-NPS agreement to assist the NPS with 
understanding, utilizing and updating the databases.  
 
Note:  The USGS/WRD is currently in the process of producing a Science Investigation Report which will 
include a description of development and design of the SCPN water-quality database, as well as park by 
park summaries of water-quality data and issues. Juliane Brown and Kirby Wynn, U.S. Geological 
Survey/ Water Resources Division contributed the following summary of their work and provided a draft 
example of the water quality characterization reports they are in the process of preparing for SCPN 
parks (final report due in FY 2006).  Selected sections of the report are excerpted below. This is a 
provisional version and is subject to change based on further analysis, review, or at the discretion of the 
USGS/WRD. Summaries and interpretation included in the final report will be used by SCPN to support 
design and development of the Network Water-Quality Monitoring Program. 
  
Data Compilation Process  
 
Data compilation for the SCPN consisted of retrieving all electronically available water-quality data 
collected from various sources at sites located within, adjacent to, and upstream of the 19 park areas; 
database design; appending the data into the SCPN water-quality database; and post-processing the 
data following compilation.  
 
Data Sources  

The sources of data compiled and analyzed in this report include Federal, State and Tribal agencies and 
volunteer monitoring organizations, including USGS, USEPA, NPS, USFS, CDPHE, UTDWQ, AZDEQ, 
NMED, USBR, USCOE, Colorado River Watch, and Navajo Nation EPA. The data consist of water-quality 
and water-quantity information for flowing and non-flowing surface water and ground water. Most of the 

www.nmenv.state.nm.us
www.seo.state.nm.us
http://www.rivernetwork.org
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data were obtained in electronic format from the USEPA the Modernized Storage and Retrieval (Modern 
STORET), the USEPA Legacy Data Center (Legacy STORET), and the USGS National Water 
Information System (NWIS) databases.  
Data for 602 sites located within the boundaries of the 19 SCPN park areas were retrieved: 160 flowing 
surface water sites (i.e., stream and river sites), 160 springs and seeps, 207 non-flowing surface water 
sites (i.e., ponds, lakes and reservoirs), 70 ground-water wells, 3 outfalls, and 2 diversions. Where 
available, additional data were retrieved for sites located adjacent to and upstream of the park 
boundaries. Approximately 2,306 different constituents or properties were included in the retrieval. To 
more directly address Vital Sign monitoring planning goals for the SCPN, substantially fewer sites and 
constituents/properties are evaluated for and presented in this report; data from ground water wells, 
diversions, canals, and lakes or reservoirs were not analyzed for this report. The field properties analyzed 
for this report include water temperature, pH, dissolved oxygen, and specific conductance. The 
constituents analyzed for this report include major ions, nutrients, trace elements, and microbiological 
data. The period of record, data collected, and sampling agency varied between water-quality sites, and 
many sites had only one or a few samples. Sampling methodology and analytical methods were not 
available for much of the historical data, limiting data comparability. Water-quality data are strongly site-
dependent, and results are assessed within this context, especially when a water body is characterized 
from a limited number of sampling points in time or space.  
 
Database Design, Development, and Post-Processing 
 
The SCPN and the USGS/WRD cooperated in acquisition, organization, management, and synthesis of 
existing water-quality data associated with the waters of the SCPN parks. A relational water-quality 
Microsoft© Access (Access) database houses the compiled historical water-quality data for the purpose of 
assessing the parks’ water-quality conditions. The SCPN database development process involved 
selection, retrieval and preparation of the data to be included in the database and the building of the MS 
Access© database. Subsequent post-processing activities included parameter aggregation and tagging of 
selected value-added indicators (e.g., water source) to aid in data exploration and analysis.  
 
Site Selection 
Because all historical NPS data were stored in Legacy STORET, the historical NPS data from Legacy 
STORET were used to establish geographically based site selection criteria for including the data 
retrieved from the Modern STORET and NWIS databases in the SCPN database. Site selection criteria 
included:  

• Sites from Legacy, Modern and NWIS located within a 10-mile buffer around each park unit 
boundary established using ESRI ArcGIS© (ArcGIS) and park boundaries provided by SCPN;   

• Sites directly related to existing NPS sample sites located outside of the 10-mile buffer (i.e., 
sites with a ‘11NPSWRD’ organizational id retrieved from Legacy STORET); 

• Sites in headwater streams that fed directly into a major water body in the park located outside 
of the 10-mile buffer (e.g., sites on headwater canyon streams that fed into Glen Canyon); and 

• Sites affiliated with named, identifiable areas (i.e., tributaries, washes, canyons, etc.) mentioned 
as a resource concern in available literature.  

Sites were excluded if:   
• Surface water sites were located on a stream flowing away from the park unit, and;  
• No existing NPS sample sites were located on the stream, and;  
• The stream did not flow within or adjacent to the park boundaries and was not mentioned as a 

concern in available literature.  
Sites were selected and subsequently checked using ArcGIS. Site consolidation was conducted in order 
to eliminate the occurrence of multiple datasets for a particular geographic location and to simplify the 
data for analysis.  
 
Database Development 
 Data preparation involved formatting the data retrieved from the various sources (see the Data Sources 
section) to be appended to the SCPN database. The Access database was designed to prevent 
incomplete or duplicate data from being entered using primary keys or required fields, and it was 
designed to facilitate data exploration and analysis at the site, sample, result, and constituent (i.e., 
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parameter) level. Where primary key or required information was missing (e.g., reporting units) or illogical 
(e.g., sample date of January 1, 2089), results were excluded from the SCPN database. Due to time and 
resource constraints, no attempt to track down original datasets to correct or verify data was made.  
 
For the Modern STORET data, the data preparation involved assigning parameter codes, which were 
used in Legacy STORET and are still used with USGS data, to uniquely identify the constituent analyzed 
or field property measured.  
 
Parameter Aggregation 
In order to maximize the utility of the historical data, methods described by Mueller and others (1995) 
were used to combine equivalent nitrogen and phosphorus species. Equivalent nitrogen and phosphorus 
species were combined because nutrient data were collected and reported by different agencies using 
different laboratory and sampling methods and reporting conventions. For example, within the entire data 
set, nitrite nitrogen data were reported as dissolved nitrite as nitrogen, dissolved nitrite as nitrite, total 
nitrite as nitrogen, and total nitrite as nitrite. Parameter aggregation combined these data, using 
appropriate conversion factors where applicable, into one single data set for “nitrite as nitrogen.” 
Additional combinations of equivalent constituents or field properties (e.g., pH and specific conductance) 
were also completed. In all cases where parameters were aggregated, the original appended data were 
left unaltered in the database so that users could select to use aggregated or original data. 
 
Value-Added Data Indicators 
Selected indicators were added to the site-level data to provide for park, water body, or regulatory-related 
analyses.  Park code designations were assigned to all sites in the SCPN database along with indication 
of whether the site was located within or outside of the park boundary. This allows users to evaluate the 
data for a given park and, if selected, for only sites located within the specified park’s boundaries.  
 
Many site ids and site names are not descriptive, which makes it difficult for the user to identify if a given 
site is located on a particular water body of interest based on that information alone. To help the user 
identify data associated with particular water bodies of interest park water body designations were coded 
to each site of interest in and adjacent to the park. For example, all flowing surface water sites located on 
the mainstem of the Little Colorado River were coded to the ‘Little Colorado River.’  
 
In order to compare the water-quality data to State and Federal water-quality standards, all sites within 
park boundaries (excluding ground water) and selected sites located outside the park on water bodies of 
interest were assigned a water body segment identification code that corresponds to the applicable 
state’s designated beneficial uses for that water body. Each of these beneficial uses has specific water-
quality standards that they have to meet. Those water bodies that are failing to meet their beneficial 
use(s) are listed on the State’s 303(d) list, as required by the Clean Water Act of 1972. 
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USGS/WRD Example of a Water Quality Characterization Report: 
Mesa Verde National Park  
 
Mesa Verde National Park (MEVE) is located in southwestern Colorado (fig. MEVE-1) and was established in 1906 
for the preservation of the archeological and other Anasazi cultural resources. The park encompasses much of a 
prominent mesa (or cuesta) with a steep highly eroded escarpment at the northern end of the park with multiple 
north-south trending gently sloping flat-topped ridges separated by rugged canyons that drop from the escarpment to 
the Mancos River forming numerous ephemeral drainages. 
  
Precipitation in MEVE typically falls as snow in the winter months and as thundershowers in the summer 
monsoonal period. Mean annual precipitation is 17.8 in (1948-2004). August is the wettest month (mean 2.01 in) 
and June as the driest (mean 0.60 in). Average snowfall is 80.8 in (1948-2004) with January the month with the most 
snowfall recorded (20.0 in). Average monthly temperatures (1948-2004) ranged from a low of 18.4 to a high of 86.3 
degrees Fahrenheit (deg F) with an average annual temperature of 48.3 deg F and daily extremes ranging from a low 
of –20 deg F, in 1956, to a high of 100 deg F, in 1971 (Western Regional Climate Center, 2005).  
 
Park Geology 
During the late Cretaceous Period, approximately 87 to 100 million years ago, a great inland sea encroached, 
inundated, retracted, encroached again, and retreated to deposit the sequence of rocks that crop out in the area of 
Mesa Verde National Park. First in this sequence is the base Dakota Sandstone (Griffitts, 1990). Where thick and 
devoid of muddy sediments, the sandstone beds of the Dakota Sandstone are porous and permeable making a good 
formation for oil and gas (Baars, 2000). The Dakota is followed by the Mancos shale formation, which outcrops 
along the northern and northeastern boundaries of the park. Waters derived from this formation typically contain 
naturally occurring elevated salts, selenium and sulfate (CDPHE, 2002; Carroll, Kirkham and Wilson, 1998). The 
Point Lookout Sandstone, one of three formations associated with the Mesa Verde Group of formations, overlies and 
grades into the Mancos shale formation. The Point Lookout Sandstone forms the sandstone cap rock in Morefield 
Canyon and is highly visible at the top of Point Lookout above and west of the Mancos Valley Overlook (Griffitts, 
1990). The Point Lookout Sandstone is an important natural gas reservoir and producer (Carroll, Kirkham and 
Wilson, 1998). The second member of the Mesa Verde Group, the Menefee Formation , is easily discerned from the 
older Point Lookout Sandstone. The Menefee is composed primarily of easily eroded gray to brown carbonaceous 
shale and sandstone (Baars, 2000). Outcrops of the Menefee are evident in the area of the Montezuma Valley 
Overlook. Economically recoverable coal and coalbed methane resources have been identified in the Menefee 
formation (Haines, 2003). The youngest sandstone in the park, the Cliff House Formation overlies the Menefee and 
caps the mesa in the park. The Cliff House is visible from the View Visitor Center and as buff-orange cap rock 
visible from the North Rim Overlook (Griffitts, 1990). The Cliff House and underlying Menefee Formations are 
where the famous Anasazi cliff dwellings are located in the park. The porous and permeable sandstones of the 
Mesaverde Group are good source rocks for natural gas and water (Baars, 2000).  
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Figure 1. Map of water-quality sites in Mesa Verde National Park, Colorado.  
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Park Water Resources 
Numerous springs and seeps exist throughout the Park emanating primarily from the sandstone and shale formations 
of the Mesaverde Group exposed within the park. These water sources, though individually very small, comprise the 
critical water resources available to wildlife. Additional water sources in the park include pools, reservoirs, pits and 
potholes, many of which are perennial and also serve as important sources of water for wildlife. Water quality issues 
for the park’s springs and seeps, as identified in the I&M Phase II Report (Thomas and others, 2004) and from 
additional literature, where noted, include vulnerability to atmospheric deposition and subsequent water-quality 
degradation from area coal-fired power plants and oil and gas development in the Four Corners area (Williams and 
Tonnessen, 2000; Physicians for Social Responsibility, 2003; San Juan Citizens Alliance, 2002); erosion and water-
quality impacts from historic and recent large episodic forest fires (Floyd, Romme, and Hanna, 2000; Floyd and 
Salamacha, 2001; Gaug, 2001); vulnerability to contamination from sewage lagoon effluent in selected canyons 
(three sewage lagoons discharge effluent to Soda, Morefield and Navajo Canyons; fig MEVE-1); and a general lack 
of understanding of ground water and spring resources.  
 
The Mancos River is a perennial stream that originates in the La Plata Mountains north of Mancos, Colorado and 
flows for 4.7 mi along the south edge of the mesa and along the eastern edge of the park (Thomas and others, 2004; 
fig. MEVE-1). The Mancos River supports cold-water aquatic and primary recreational use from the source waters 
of the East, West and Middle Forks to Highway 160, which extends east and west along the northernmost part of the 
park. The Mancos River supports warm water aquatic and primary and secondary recreational use from Highway 
160 downstream, along the eastern boundary of the park, to the Colorado/New Mexico border (U.S. Environmental 
Protection Agency, 2005). The Mancos River supported native fish species (blue head sucker, flannelmouth sucker, 
speckled dace, and roundtail chub), but these species have disappeared since the severe fires in 1996 and 2000 and 
associated drought conditions (Thomas and others, 2004). Water quality issues identified for the Mancos River, as 
identified in the I&M Phase II Report (Thomas and others, 2004) and from additional literature, where noted, 
include:  
 
1. Mancos River and tributaries, upstream of Highway 160, are 303(d) listed as impaired because of copper 

contamination in 2004  (CDPHE, 2004);  
2. nutrient and bacterial contamination from trespass grazing from cattle and horses in the Mancos River riparian 

corridor located along the eastern boundary of the park and from sewage treatment facilities within and 
upstream of the park;  

3. insecticide and algaecide applications, including aerial mosquito control with Malathion applied directly to 
lakes and rivers in the area;  

4. pesticides from surrounding agricultural activities and from Tordon use within the parks to control invasive 
exotic species such as tamarisk and musk thistle;  

5. silt from neighboring gravel pits, and runoff from streets, unpaved roads and construction sites; 
6. metals contamination from mining and ore processing in areas adjacent to and upstream of the park along with 

potential contamination from natural gas lines crossing the Mancos River upstream of the park; and  
7. development along the Mancos River corridor (upstream of the park).  
 
Availability of Historical Water-Quality Data 
The data analyzed for MEVE in this report were collected by Federal and State agencies and a volunteer monitoring 
organization: USGS, NPS, USFS, CDPHE, and Colorado Riverwatch. Data for 57 sites within the park were 
retrieved from NWIS and STORET: 32 springs, 1 seep, 1 surface water site, 18 lakes (including reservoirs, ponds or 
potholes), 2 diversions or canals, and 3 sewage outfalls. Data for 237 sites were retrieved for the area surrounding 
the park: 11 springs, 155 surface water sites (including sites from the Mancos, McElmo and Delores Rivers), 9 
diversions or canals, 46 ground water sites, 14 lake sites (including reservoirs, ponds, or potholes), and 2 sewage 
outfalls. The sites focused on for this report include the springs and seeps in the park and selected surface water sites 
on the Mancos River upstream and downstream of the park.  
 
Spring and seep water-quality data were collected and compiled at 33 sites in MEVE. The NPS, over varying 
periods of record (POR), collected a variety of water-quality data at these sites. Between 1977 and 1998 (the 
complete POR for all springs and seeps), 96 samples were collected from 33 sites (table MEVE-1). Four of the 33 
sites had more than three water-quality samples collected during this time period. More recently, from 1988 to 1998, 
a total of 72 samples were collected one or more times at 24 sites. Fewer than 20 percent of the sites (4 of 33, and 4 
of 24, respectively) had more than three water-quality samples collected during both of these time periods. Four 
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spring sites consistently had the highest sample frequency over the complete and recent POR (sites 4415, 4431, 
4421, and 5589; fig. MEVE-1) with 15, 13, 12, and 12 samples collected, respectively, over the complete POR.  

Table MEVE-1. Period of record and sample counts for spring and seep water quality sites in Mesa Verde National 
Park. 
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4431                                                                   12/13
4433                                                                   1/3 
5583                                                                   2/2 
4440                                                                   0/1 
4430                                                                   2/2 
4439                                                                   0/1 
5589                                                                   9/12 
4444                                                                   1/1 
4443                                                                   2/2 
4442                                                                   1/1 
4434                                                                   2/3 
4449                                                                   0/1 
4425                                                                   2/2 
4432                                                                   1/2 
4415                                                                   12/15
4429                                                                   1/1 
4428                                                                   3/3 
4420                                                                   1/1 
4445                                                                   1/1 
4446                                                                   1/1 
4419                                                                   1/1 
4418                                                                   0/2 
4448                                                                   0/1 
4435                                                                   2/2 
4438                                                                   0/1 
4423                                                                   1/1 
4422                                                                   0/1 
4416                                                                   0/1 
4436                                                                   0/2 
4417                                                                   2/2 
4437                                                                   1/1 
4421                                                                   10/12
4424                                                                   1/1 
 
The POR varied for the water-quality sites on the Mancos River, many of which had limited data, often only a single 
sample (table MEVE-2). At each of the 13 upstream Mancos River sites, between one and 122 samples were 
collected from 1975 to 2002. Five upstream Mancos River sites (fig. MEVE-1, sites 4516, 4522, 4523, 2220, and 
4537) had more than ten samples collected during their complete POR. During the recent POR (between 1988 and 
2002), 12 upstream sites had between one and 92 samples collected. Four of the upstream Mancos River sites (fig. 
MEVE-1, sites 4516, 4522, 4523, and 4537) had more than ten samples collected during this time. At the four 
downstream Mancos River sites (including the one site located within the park boundary at the downstream 
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boundary), one sample was collected in October 1975 from three sites (sites 1384, 2186 and 2189; fig. MEVE-1) 
and 31 samples were collected from 1975 to 1979 at one site (2092; fig. MEVE-1). No recent data were collected at 
the downstream Mancos River sites.  
 
Table MEVE-2. Period of record and sample counts for Mancos River surface water quality sites in and near Mesa 
Verde National Park. 
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4516                                                                   27/122
2091                                                                   2/3
2220                                                                   4/14
4523                                                                   63/63
4538                                                                   1/1
4539                                                                   1/1
2213                                                                   0/1
4522                                                                   92/92
4645                                                                   1/1
4541                                                                   1/1
2203                                                                   2/2
4537                                                                   13/15
2202                                                                   0/1
1384                                                                   0/1
2189                                                                   0/1
2092                                                                   0/31
2093                                                                   0/44
2186                                                                   0/1
 
Approximately 390 constituents or measurements were included in the data retrieval for MEVE and compiled into 
the SCPN water-quality database. Substantially fewer than these 390 constituents or measurements were analyzed 
and presented in this report for the park spring and seep sites and the selected Mancos River sites. The constituents 
considered for this report are field measurements (dissolved oxygen, pH and specific conductance), major ions, 
nutrients, selected trace elements (aluminum, arsenic, barium, cadmium, chromium, copper, iron, lead, manganese, 
molybdenum, nickel, selenium, silver, zinc), and fecal and total coliform bacteria. Several surface-water-quality 
sites located on the Mancos River have also been measured for instantaneous streamflow, daily discharge and/or 
stream stage. No discharge data were available for the springs and seeps located inside the park.  
 
Characterization of Historical Water-Quality  
Spring Water Quality 
The four springs, sites 4415, 4421, 4431, and 5589, with the highest sample frequency over the complete and recent 
POR (Spruce Tree House Spring, Long House Spring, US Highway 160 Spring near Park Entrance, and Morefield 
Spring, respectively; table MEVE-1 and fig. MEVE-1) were evaluated relative to the available data for all springs 
and seeps in the park. Site locations within the park relative to specific canyons and land use factors (e.g., sewage 
lagoons) along with the probable geologic formation from which each spring discharges were considered.  
Water-quality data for springs and seeps in MEVE are summarized in table MEVE-3. Specific sites discussed herein 
or shown in figures are listed in an Appendix (Not completed yet. Will complete towards end of project.). Within the 
recent POR (from 1988 to 1998), field measurements (pH and specific conductance), major ions, nutrients (except 
one site), and trace elements were collected at  20 spring and seep sites, though the same constituent sets were not 
sampled at all sites. Inorganic constituents were collected one or more times at 19 sites; microorganisms were 
collected one or more times at 14 sites; a single isotopic and radiological sample was collected at one site; and no 
pesticide, organics, volatile organics, or wastewater compound samples were collected at any of the springs within 
the recent POR. 
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Table MEVE-3. Summary of the period of record, number of analyses, minimum, median, maximum, and number 
of water-quality samples higher than the selected aquatic life or recreation standards in sampled springs and seeps in 
Mesa Verde National Park.  

[AL, aquatic life (all classes); ALW2, aquatic life warm class 2; dis, dissolved; L, low (minimum) standard; Max, 
maximum; Med, median; mg/L, milligrams per liter; Min, minimum; NC, no change; No, number; PCR, primary 
contact recreation; POR, period of record; SU, standard units; TVS, table value standards; <, less than; --, not 
available] 

Complete POR 
1977 to 19981 

Recent POR 
1988 to 19982 

Constituent or measurement 
(reporting units) 

No. of analyses  
/ No. of 

censored 
values  

(with outlier) 

Min  
Value 

Med 
Value 

(med with 
outlier) 

Max 
Value 

(outlier) 
Use3  (Std) 

No. of water-quality 
standard 

exceedances / No. of 
analyses/ No. of 

sites with 
exceedances 

Field Measurements (1977-1998) 
pH, field (SU) 
--Low 
--High 

68/0 4.5 7.7 8.8 
PCR 
(6.5, 
9.0) 

 
2/7/1 
0/7/0 

Specific conductance (μS/cm) 
 67/0 102 430 19,700 -- -- 

Major Ions (1977-1998) 

Bicarbonate (mg/L) 67/0 15 232 1,674 -- -- 

Calcium, dis (mg/L) 70/0 13.3 57.0 524 -- -- 

Chloride, dis (mg/L) 67/0 1.2 13.3 630 -- -- 

Magnesium, dis (mg/L) 70/0 2.0 18.7 1,200 -- -- 

Potassium, dis (mg/L) 67/5 0.1 2.3 33 -- -- 

Sodium, dis (mg/L) 67/2 <0.1 8.6 3,654 -- -- 

Sulfate, dis (mg/L) 67/0 1.0 64.2 7,781 -- -- 

Nutrients (1983 – 1998) *w/ Big Hill Pipes Data 

Nitrate, tot (mg/L as N) 64/21 
(67/21)* <0.01 0.30 

(0.36)* 
12 

(71.4)* -- -- 

Phosphorus, tot (mg/L as P) 67/25 <0.10 0.10 1.6 -- -- 

Trace Elements (1977-1998) 

Aluminum, dis (μg/L) 66/30 
(67/30) <100 100  

(NC) 
7,600 

(33,000) 
ALW2 

(87) 27/46/15 

Arsenic, dis. (μg/L) 31/24 <1.0 0.31 100 AL 
(150) -- 

Barium, dis. (μg/L) 68/0 10.0 60 270 -- -- 

Cadmium, dis (μg/L) 68/53 <1.0 2.05 40.0 AL (TVS) 11/46/5 

Copper, dis (μg/L) 71/51 5.0 3.0 430 AL (TVS) 4/47/3 

Chromium, dis. (μg/L) 71/27 <10.0 10 140 AL (TVS) -- 

Iron, dis. (μg/L) 71/7 <10.0 140 14,260 -- -- 

Lead, dis (μg/L) 70/51 <50.0 28.2 230 AL (TVS) 17/46/9 
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Complete POR 
1977 to 19981 

Recent POR 
1988 to 19982 

Constituent or measurement 
(reporting units) 

No. of analyses  
/ No. of 

censored 
values  

(with outlier) 

Min  
Value 

Med 
Value 

(med with 
outlier) 

Max 
Value 

(outlier) 
Use3  (Std) 

No. of water-quality 
standard 

exceedances / No. of 
analyses/ No. of 

sites with 
exceedances 

Manganese, dis. (μg/L) 71/19 4.0 20 2,370 AL (TVS) -- 

Molybdenum, dis. (μg/L) 70/42 <10.0 6.28 140 -- -- 

Nickel, dis (μg/L) 71/37 <10.0 6.64 740 AL (TVS) 6/47/2 

Selenium, dis (μg/L) 67/39 <1.0 0.53 104 ALW2 
(4.6) 9/46/3 

Silver, dis. (μg/L) 1/1 <6 -- <6 AL (TVS) -- 

Zinc, dis (μg/L) 70/31 
(71/31) <10 10 

(NC) 
840 

(2,060) AL (TVS) 2/47/2 
1Period of record reflects full range evaluated for all relevant sites within this time period; some sites or constituents 
may have not have had data available for the entire record.  
2Last 15 years of available data considered for standards exceedance analysis (i.e., all samples on or after Jan. 1, 
1988). At the time of data compilation there were no available data from the source databases for the selected sites 
after 1998.  
3Designated beneficial use from Colorado Department of Public Health and Environment, Water Quality Control 
Commission, Aug. 30, 2002. All trace element standards based on applicable chronic aquatic life standard.  
 
Field Measurements 
Few pH values were outside the 6.5-9.0 SU range defined by CDPHE for cold and warm water aquatic life; two pH 
values from one spring were more acidic than the standard, no values were more basic than the standard (table 
MEVE-3). The spring (fig. MEVE-1, site 4431) with the pH values measured below the standard discharges is from 
the Mancos Shale formation in the northeastern corner of the park. Ranges for all other springs within the park were 
from 4.5 to 8.8 SU.  
 
Specific conductance was measured at all sampled spring sites in the park and generally ranged from 102 to 9,850 
μS cm-1. However, there was one high outlier value of 19,700 μS cm-1 measured in August 1993 at a spring in 
School Section Canyon (site 4442; fig. MEVE-1). This site was only sampled once so the representativeness of this 
measurement for this site cannot be determined, but it was one to two orders of magnitude greater than all other 
conductivity measurements for springs in the park. For the two springs in the Cliff House Sandstone formation, sites 
4415 and 4421 (Long House and Spruce Tree House Springs, respectively; fig. MEVE-1), values ranged from 265 
to 420 μS cm-1. The values were generally in the 2,420 to 3,640 μS cm-1 range for site 5589 (Morefield Spring), 
which discharges from the Menefee Shale formation; however, there was one low outlier value of 183 μS cm-1 

measured at the site in July 1998. The conductivity ranged from 6,020 to 8,176 μS cm-1 for site 4431 (US Highway 
160 Spring near Park Entrance), which discharges from the Mancos Shale formation. The high conductivity values 
are related to the high salts, selenium and sulfate concentrations typically found in the Mancos and Menefee Shale 
formations and the low values are related to the Cliff House Sandstone formation.  
 
Major Ions 
Geology is the principal driver related to major ion concentrations in springs in the park. Concentrations for selected 
cations (table MEVE-3) varied considerably for all of the springs and seeps in the park (71 and 47 samples collected 
from 1977 to 1998 and from1988 to 1998, respectively). Calcium concentrations ranged from 13.3 to 524 mg/L with 
a median of 57 mg/L. Of the four springs with more than 5 samples, only site 4431 had calcium values consistently 
higher than 400 mg/L (minimum value 404 and maximum value of 497 mg/L of 8 samples). For all springs and 
seeps, magnesium concentrations ranged from 2 to 1,200 mg/L with a median of 18.7 mg/L. Site 4431 also had 
consistently higher magnesium values (minimum value 222 and maximum value 690 mg/L from 8 samples). 
Potassium concentrations ranged from 0.10 to 33 mg/L with a median value of 2.3 mg/L for all sites. The four 
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springs sampled most frequently were within the range of average values for potassium. Sodium concentrations 
ranged from <0.1 to 3,654 mg/L for all spring and seep sites in the park. Site 4431 had elevated sodium 
concentrations as compared to the median of all springs and seeps (8.6 mg/L from 67 samples) with concentrations 
ranging from 632 to 1,581 mg/L. Morefield Spring (site 5589) also indicated high sodium values (median 701 from 
9 samples) with a maximum value of 1,050 measured in 1991.  
 
Approximately half of the springs with cation data (14 of 29 sites) indicated elevated average sodium concentrations 
(greater than 100 mg/L); most of these 14 springs also had higher concentrations of calcium and magnesium (11 
sites with average concentrations greater than 100 mg/L). These 14 sites are scattered throughout the various 
canyons in the park; however, most of the sites appear to discharge from the Menefee formation or at the contact 
between the Menefee and the overlying Cliff House Sandstone, although this information could not be verified. The 
higher cation concentrations for site 4431 (US Highway 160 near Park Entrance) are indicative of the Mancos Shale 
geology from which this spring discharges. There are no water-quality standards associated with these constituents.  
For selected anions analyzed from 1977 to 1998, concentrations also had a wide range (table MEVE-3). Chloride 
ranged from 1.2 to 630 mg/L with a median of 13.3 mg/L. Of the four springs with more than 5 anion samples 
collected, none had elevated chloride values. Bicarbonate concentrations ranged from 15 to 1,674 mg/L with a 
median value of 232 mg/L. Two of the more commonly sampled springs (sites 4431 and 5589) had elevated 
bicarbonate concentrations with average values of 322 mg/L (from 8 samples) and 1,011 mg/L (from 9 samples), 
respectively. Sulfate concentrations ranged from 1.0 to 7,781 mg/L with a median of 64.2 mg/L. Sites 4431 and 
5589 had high average sulfate concentrations, 4,200 and 684 mg/L, respectively.  
 
Approximately half (14 of 29 springs) of the springs had high (> 100 mg/L) sulfate concentrations; 13 of these sites 
also had elevated bicarbonate concentrations; and 7 had average chloride concentrations greater than 100 mg/L. 
These 14 sites are scattered throughout the park and correspond to the same sites identified as having elevated 
cations.  
 
Strong positive relationships between sodium and chloride (r2 = 0.77); magnesium and sulfate (r2 = 0.72); and 
calcium and sulfate (r2 = 0.71) suggest solubility of evaporate minerals (e.g., halite, epsomite, and gypsum), which 
control concentrations of these ions. High concentrations of these constituents are most likely caused by mineral 
dissolution and are not an indication of anthropogenic impacts.  
 
Water types vary within the park according to geology and were identified for the four sites with more than 5 
samples (fig. MEVE-2). The Highway 160 spring (site 4431), which is the only spring identified in the historical 
data that discharges from the Mancos Shale formation, is predominantly sulfate water with some sodium. Morefield 
Spring (site 5589) had predominantly sodium bicarbonate water; it discharges from the Menefee Shale formation. 
Long House and Spruce Tree House Springs (sites 4421 and 4415) discharge from the Cliff House Sandstone 
formation and had predominantly calcium bicarbonate type water. These variations in water quality and water type 
reflect the variable geology within the park.  
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Figure MEVE-2. Piper diagram for four springs in Mesa Verde National Park with five or more samples.  

 
Nutrients 
Dissolved nitrate and phosphorus were the only nutrients sampled for in the springs in MEVE between 1983 and 
1998. Nitrate concentrations for all springs (except site 4433) in MEVE ranged from <0.01 to 12 mg/L with a 
median concentration of 0.3 mg/L. Site 4433 (Big Hill Pipes) had three extreme nitrate values measured between 
1984 and 1995 ranging from 29.9 to 71.4 mg/L (table MEVE-3). Median nitrate concentrations were also high at 
sites 4438 (Navajo Canyon) and 4431, which is located near the park entrance and Highway 160, with 
concentrations of 7.50 mg/L from one sample and 4.08 mg/L from 8 samples, respectively. The three sites with 
elevated nitrate concentrations are not located near or downstream of the park’s three sewage lagoons.  
 
Phosphorus concentrations for the same period for all springs ranged from <0.10 to 1.6 mg/L with a median 
concentration of 0.1 mg/L. Four sites, all located in the southwestern portion of the park, had dissolved phosphorus 
concentrations greater than 1.0 mg/L (sites 4438, 4437, 4442 and 4435); these sites were each sampled one time 
with concentrations of 1.4, 1.6, 1.4 and 1.6 mg/L, respectively. Three of these sites are not near the park’s sewage 
lagoons; however, site 4437 is near the Wetherill Sewage Lagoon. There are no aquatic life standards for nitrate or 
phosphorus in Colorado. However, the USEPA recommended criteria for the aggregate nutrient Ecoregion III, 
which includes the park, for total phosphorus for rivers and streams is 0.219 mg/L (USEPA, 2002); 16 of the 27 
sampled springs in the park had average dissolved phosphorus concentrations greater than this recommended 
standard. Elevated phosphorus values may be derived from selected phosphorus-rich minerals such as apatite. 
 
Trace Elements 
For the springs and seeps in the park, selected dissolved trace elements (aluminum, barium, cadmium, chromium, 
copper, iron, lead, manganese, molybdenum, nickel, selenium, and zinc) were sampled between 67 and 71 times 
between 1977 and 1998 (table MEVE-3) at 27 to 30 sites. Additionally, dissolved arsenic was sampled 31 times (at 
19 sites), and dissolved silver was sampled once (at site 4446). During the recent POR (from 1988 to 1998), four 
springs (table MEVE-1 and fig. MEVE-1, sites 4415, 4431, 4421, and 5589) were sampled for selected trace 
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elements between six and nine times; the remaining sites were only sampled once or twice during this same time 
period. For spring samples collected between 1988 and 1998, some selected trace element samples indicated 
exceedances of established 30-day chronic aquatic warm water standards (table XX). During this same time period, 
selected trace element samples indicated exceedances of the computed site-specific 30-day chronic table-value 
standards (TVS) for aquatic life support. 
 
For all springs, the dissolved aluminum concentrations generally ranged from <100 to 7,600 μg/L with a median of 
100 μg/L. Two extreme values were recorded for site 5589 (33,000 and 30,900 μg/L in 1988 and 1995, respectively) 
and one at site 4431 (20,800 μg/L in 1989). Three additional sites (sites 4424, 4437 and 4438) had elevated 
aluminum values greater than the 750 μg/L acute aquatic life standard measured one time at 900, 4400, and 1400 
mg/L, respectively. All other recorded values for aluminum were one to two orders of magnitude smaller. Three of 
these sites (sites 4437, 4438, and 5589) discharge from the Menefee formation; one site (site 4424) discharges from 
the Cliff House Sandstone; and one site (site 4431) discharges from the Mancos Shale near the park entrance and 
Highway 160. Several (27) exceedances of the standard for aluminum (87 μg/L) were identified at multiple (15) 
spring sites. Springs with exceedances are scattered throughout the ephemeral drainages in the park. Four sites 
(5589, 4431, 4421, and 5583) showed repeated exceedances of the aluminum standard. Waters with low pH (below 
4.0 SU) can contain elevated aluminum concentrations (Hem, 1989); however, only one of the elevated aluminum 
values (30,800 mg/L measured at site 4431 in 1989) corresponds to low pH (4.6 SU). The inclusion of aluminum-
rich particulate material, which can pass through some filter media, can lead to elevated aluminum values 
erroneously considered to be and reported as part of the dissolved phase in the sample (Hem, 1989). Filter size was 
not available for the historic water-quality data.  
 
Arsenic concentrations ranged from <1.0 to 100 μg/L with a median value of 0.31 μg/L. No exceedances of the 150 
μg/L chronic aquatic life standard occurred for any of the springs and seeps in the park. More than three-quarters 
(77%) of the 31 arsenic samples collected from 1983 to 1989 were below their detection limits (100 μg/L for 4 
samples; 1 μg/L for 20 samples).  
 
The dissolved cadmium concentrations ranged from <1.0 to 40 μg/L with a median of 2.1 μg/L from samples 
collected between 1977 and 1998. Three springs had cadmium concentrations measured greater than 10 μg/L (sites 
4431, 4435, and 5589) one or more times from 1987 to 1998. Each of these sites discharges from a different 
geologic formation. Five sites (5589, 4431, 4433, 4435, and 4442) had one or more exceedances of the TVS for 
cadmium (TVS range from 2.6 to 6.2 μg/L); two sites (Morefield and Highway 160 Springs) indicated repeated 
exceedances of their TVS for cadmium. 
 
The dissolved ‘total’ (unspeciated) chromium concentrations ranged from <10 to 150 μg/L with a median value of 
10 μg/L for samples collected from 1977 to 1998. The TVS values for trivalent chromium ranged from 79 to 231 
μg/L for the springs and seeps in the park; no sites exceeded this TVS value for samples collected since 1987. The 
highest chromium concentrations (greater than 100 μg/L) were observed at three springs (sites 4431, 4433, and 
4434); these observations were collected from 1993 to 1998. When compared to the State of Colorado’s total 
chromium domestic water use standard (hexavalent plus trivalent chromium), 12 samples (sites 4431, 4433, 4435, 
4442, 4443, and 5583) collected since 1987 exceeded the 50 μg/L standard.  
 
Dissolved copper concentrations ranged from <5.0 to 430 μg/L with a median of 3.3 μg/L for samples collected 
between 1977 and 1998. Two elevated copper values, 430 and 131 μg/L, measured in 1991 and 1977, respectively, 
were measured at two sites (4435 and 4449, respectively). All other copper values measured at spring and seep sites 
in the park were at or below 24 μg/L. Two springs in the southwestern portion of the park (sites 4435 and 4437) 
each had one exceedance of their TVS for copper (TVS 29.3 and 9.9 μg/L, respectively); and Morefield Spring (site 
5589) had two exceedances of the TVS for copper, which was computed to be 10.6 μg/L based on data available 
from 1988 to 1998. 
 
Dissolved iron concentrations typically range from <10 to 2690 μg/L. Morefield Spring (site 5589) had two extreme 
values of 14,260 and 8,360 μg/L measured in 1998 and 1995, respectively. There is no aquatic life standard for 
dissolved iron in Colorado; however, a chronic aquatic life standard of 1000 μg/L is established for total recoverable 
iron. Five samples collected from three springs (sites 5589, 4421, and 4431) had concentrations greater than this 
standard between 1988 and 1998. Iron, like aluminum, can have colloidal properties pass through a filter and be 
reported erroneously as “dissolved” (Hem, 1989).  



Southern Colorado Plateau Network Phase Three – Appendix C – SCPN Water Resources 

- C29 - 

 
The dissolved lead concentrations ranged from <50.0 to 230 μg/L with a median of 28.2 μg/L. Three springs (sites 
4431, 4442, and 4433), which discharge from the Mancos and Menefee formations had elevated lead values greater 
than 100 μg/L. Nine sites scattered throughout the ephemeral drainages of the park had one or more exceedances of 
the TVS for lead (TVS range from 2.74 to 10.9 μg/L); three sites on the eastern side of the park (5589, 4431, and 
5583) indicated repeated exceedances of their standard. In all cases the lowest detection limit (50 μg/L) for springs 
and seeps in the park was greater than the computed TVS; therefore, only values measured greater than the detection 
limits were evaluated for exceedances above the chronic aquatic life standard. 
  
Dissolved manganese concentrations ranged from 4.0 to 2,370 μg/L with a median value of 20 μg/L from sampled 
collected from 1977 to 1998. The TVS for manganese for all spring sites in the park ranged from 1,692 to 2,618 
μg/L. None of the springs or seeps in the park exceeded their respective TVS. Manganese concentrations measured 
at site 4431, which discharges from the Mancos Shale formation, are, on average, the highest in the park with a 
range of values 490 to 2,370 μg/L based on 8 samples collected from 1987 to 1998.  
 
Dissolved nickel concentrations ranged from <10.0 to 740 μg/L with a median of 6.64 μg/L from samples collected 
from 1977 to 1998. One site (4442) had one exceedance of the TVS for nickel; and Highway 160 spring (site 4431) 
indicated multiple exceedances of the TVS for nickel (computed as 168.0 μg/L for both sites).  
 
Dissolved selenium concentrations ranged from <1.0 to 104 μg/L with a median of 0.53 μg/L. Three sites (4431, 
4433, and 5583), all located on the eastern side of the park, had one or more exceedances of the standard for 
selenium (4.6 μg/L); the Highway 160 spring, indicated repeated exceedances of the selenium standard, which is 
likely attributable to natural selenium sources within Mancos Shale formation. The two sites with consistently 
elevated selenium concentrations are site 4431 and 4433. Numerous other sites (sites 4415, 4418, 4421, 4438, 4439, 
4489, and 5583) indicate high historical selenium values (greater than 4.6 μg/L); however, no recent data are 
available to indicate current environmental concentrations.  
 
Dissolved zinc concentrations generally ranged from <10.0 to 840 μg/L with a median of 10.0 μg/L. One extreme 
zinc value (2,060 μg/L) was recorded at site 4434 in September 1988. One other sample for trace elements was 
collected at this site approximately a year earlier in October 1987; it was measured at 50 μg/L. Two sites (4431 and 
4434) had one exceedance each of their TVS for zinc (computed as 382 μg/L for both sites). Three additional 
springs (sites 4437, 4438, and 4442) had elevated zinc (>100 μg/L) measured once in 1990, 1987 and 1993, 
respectively.  
 
Surface-Water Quality 
Surface-water-quality data were collected and compiled at 15 sites on the Mancos River in the area upstream, in and 
downstream of the park. The NPS, USGS, USFS, CDPHE, and Colorado Riverwatch, over varying periods of 
record, collected a variety of water-quality data at these sites. The samples sites in and upstream of the park are 
located primarily within outcrop areas of the Mancos Shale formation with a few sites located in the gravels and 
alluvium overlying the Mancos. Upstream of the sample sites, the headwaters of the Mancos River flow through 
predominantly siltstone, mudstone, sandstone and shale (some of which is the Mancos shale formation). The sites 
downstream from MEVE are located primarily in the Menefee Shale formation with a few sites located in Middle 
Tertiary intrusive rocks.  
 
The frequency of water-quality sample collection along the Mancos River in the vicinity of the park has varied with 
few sites offering more than a historical snapshot of water-quality conditions. Only three sites (4516, 4522 and 
4537) have five or more years of record since 1971 (table MEVE-2). From 1971 to 1988, 199 water-quality samples 
were collected at 20 sites on the Mancos River; most of the samples (31, 44, 12, and 94 samples) were collected at 4 
sites (sites 2092, 2093, 2220, and 4516, respectively), all other sites had only one or two samples. During the more 
recent POR, from 1988 to 2002, 213 samples were collected at 12 sites on the Mancos River; most of these samples 
(92, 63, 27 and 13 samples) were collected at four sites (sites 4522, 4523, 4516 and 4537, respectively), all other 
sites had between one and four samples. Only two sites have been sampled since 2000 (2091 and 4516).   
 
In order to describe what is known regarding water-quality conditions as the Mancos River enters the park, water-
quality data for three Mancos River sample sites located directly upstream of the park  (fig. MEVE_1; sites 2202, 
2203, and 4537), and downstream of the Mud Creek tributary, are summarized in table MEVE-4. Of these, two of 
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the sites (2203 and 4537) had samples collected since 1988; however, site 2203 was sampled only twice in March 
and July 1994. Site 2002 was only sampled once in October 1975. One additional site (site 1384) was sampled 
within the park at the downstream park boundary; however, it was only sampled once in October 1975 (table 
MEVE-4). Data for the remaining Mancos River sites were not included in this analysis due to their distance from 
the park; however, when insightful, reference to Mancos River data from sites located farther upstream or 
downstream from the park are made. Specific sites discussed or shown in figures and tables are listed in Appendix 
A.  
 
Field measurements, selected major ions, and one or more trace element and nutrient constituents were collected at 
each of the four sites (sites 1384, 2202, 2203, and 4537), though the same constituents were not always sampled at 
all sites. Streamflow was measured at three of the sites, but these were each only sampled one or two times; however 
site 4537, which has the longest water-quality sample record (from 1986 to 1998) did not measure streamflow. 
Microorganisms (total or fecal coliform bacteria) were sampled seven times between 1991 and 1998 at site 4537, 
and once in July 1995 at site 4541 (located upstream of site 2203; fig MEVE-1), which was not sampled for any 
other water-quality constituents. No other groups of water-quality constituents (radionuclides, organics, pesticides) 
were analyzed for at these sites located within or directly upstream of the park.  
 
Table MEVE-4.  Summary of the period of record, number of analyses, minimum, median, maximum, and number 
of water-quality samples higher than the selected aquatic life or recreation standard in selected Mancos River sites 
located directly upstream of or within Mesa Verde National Park.  

[dis, dissolved; L, low (minimum) standard; Max, maximum; Med, median; mg/L, milligrams per liter; Min, 
minimum; No, number; PCR, primary contact recreation; POR, period of record; SU, standard units; <, less than; --, 
not available] 

 
Complete POR 
1975 to 19982 

Recent POR 
1988 to 19983 

Mancos River Sites  
(Site No., App A) 

Constituent or 
measurement 

(reporting units)
No. of 

analyses  / No. 
of censored 

values 

Min Value Med Value Max Value Use4 

(Std) 

No. of standard 
exceedances / No. 
of analyses / No of 

sites with 
exceedances 

Field Measurements 

Upstream sites1  13/0 6.1 7.7 8.4 PCR,L 
(6.5) 1/10/1 

Park site (1384) 
pH (SU) 

1/0 8.4 8.4 8.4 PCR  -- 
Upstream sites 13/0 947 1,490 2,253 -- -- 

Park site (1384) 

Specific 
conductance 
(μS/cm)  1/0 1,800 1,800 1,800 -- -- 

Major Ions 

Upstream sites 11/0 211.6 263.3 319.5 -- -- 

Park site (1384) 
Bicarbonate 
(mg/L) 1/0 250 250 250 -- -- 

Upstream sites 13/0 100 175.6 230 -- -- 

Park site (1384) 
Calcium, dis 
(mg/L) 1/0 230 230 230 -- -- 

Upstream sites 13/0 8 13 65.7 -- -- 

Park site (1384) 
Chloride, dis 
(mg/L) 1/0 13 13 13 -- -- 

Upstream sites 13/0 42.5 68 114 -- -- 

Park site (1384) 
Magnesium, dis 
(mg/L) 1/0 100 100 100 -- -- 
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Complete POR 
1975 to 19982 

Recent POR 
1988 to 19983 

Mancos River Sites  
(Site No., App A) 

Constituent or 
measurement 

(reporting units)
No. of 

analyses  / No. 
of censored 

values 

Min Value Med Value Max Value Use4 

(Std) 

No. of standard 
exceedances / No. 
of analyses / No of 

sites with 
exceedances 

Upstream sites 13/0 1.0 2.9 4.0 -- -- 

Park site (1384) 
Potassium, dis 
(mg/L) 1/0 3.8 3.8 3.8 -- -- 

Upstream sites 13/0 38.9 75.6 134.0 -- -- 

Park site (1384) 
Sodium, dis 
(mg/L) 1/0 94 94 94 -- -- 

Upstream sites (4537) 10/0 365 632 1,018 -- -- 

Park site (1384) 
Sulfate, tot (mg/L)

1/0 930 930 930 -- -- 

Nutrients 

Upstream sites Nitrate, dis (mg/L 
as N) 10/6 0.01 0.07 0.61 -- -- 

Upstream sites Phosphorus, dis 
(mg/L as P) 10/1 <0.1 0.13 0.2 -- -- 

Trace Elements 

Upstream sites Aluminum, dis 
(μg/L) 10/4 <100 100 400 ALW2 

(87) 5/8/1 

Upstream sites Arsenic, dis (μg/L) 4/4 <1 <1 <1 ALW2 
(150) 0/2/0 

Upstream sites Cadmium, dis 
(μg/L) 10/9 2 ? <10 ALW2 

(TVS) 0/8/0 

Upstream sites Copper, dis (μg/L) 10/8 <10 <10? 10 AL 
(TVS) 0/8/0 

Upstream sites Chromium, dis 
(μg/L) 10/0 10 35 50 --5 -- 

Upstream sites 11/2 <10 80 1,790 -- -- 

Park site (1384) 
Iron, dis (μg/L) 

1/0 60 60 60 -- -- 

Upstream sites Lead, dis (μg/L) 10/10 <50 <50 <50 AL 
(TVS) 0/8/0 

Upstream sites 11/2 <10 20 70 AL 
(TVS) 0/8/0 

Park site (1384) 

Manganese, dis 
(μg/L) 1/0 30 30 30 -- -- 

Upstream sites Molybdenum, dis 
(μg/L) 10/5 <10 6.68 80 -- -- 

Upstream sites Nickel, dis (μg/L) 10/1 <10 20 70 AL 
(TVS) 0/8/0 

Upstream sites Selenium, dis 
(μg/L) 13/2 <1 4.0 15 ALW2 

(4.6) 4/10/2 

Upstream sites Zinc, dis (μg/L) 10/4 <10 10 3,100 AL 
(TVS) 1/8/1 

1 Upstream sites include those sites located downstream of Mud Cr, and upstream of the Mesa Verde National Park 
(Sites 2202, 2203, 4537). Site 4541 was only sampled for coliform bacteria, which are not included in the table. 
Sites with data for specified constituent are indicated; not all constituents were sampled at all sites.  
2All available data considered from 1980 to 2003; POR reflects range for individual sites within this time period.  
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3Last 15 years of available data considered for standards exceedance analysis (i.e., all samples on or after Jan. 1, 
1988). At the time of data compilation there were no available data from the source databases collected at these 
selected sites after 1998.  
4Designated beneficial use from Colorado Department of Public Health and Environment, Water Quality Control 
Commission, Aug. 30, 2002.  
5Dissolved unspeciated chromium is not regulated in Colorado. Chromium III and VI are regulated for aquatic life 
toxicity as is Total Chromium (50 μg/L for drinking water); however, no speciated chromium data were available for 
these sites.  
 
Field Measurements 
 At the four sites located on the Mancos River within or directly upstream of the park, 14 pH measurements were 
made between 1975 and 1998; one value was outside the 6.5-9.0 SU range defined by CDPHE for cold and warm 
water aquatic life (table MEVE-4). A pH value of 6.1 was measured at site 4537 in September 1991. All other 
values (14 measurements made between 1975 and 1998) ranged between 7.3 to 8.4 SU for these sites.  
 
Specific conductance was measured 14 times at the four sites located on the Mancos River within or directly 
upstream of the park and ranged from 947 to 2,253 μS cm-1 for the four sites measured between 1975 and 1998. 
There is not enough corresponding historical streamflow data to determine how flow is related to conductivity in this 
section of the Mancos River; however, generally, lower conductivity values are associated with higher-flow 
conditions when more dilute snowmelt or rain waters comprise most of the streamflow; whereas, higher 
conductivity values are typically associated with lower flow conditions.  
 
Major Ions 
Concentrations for selected cations varied for the Mancos River surface water sites located in and directly upstream 
of the park (one to 10 samples were collected at four sites between 1975 and 1998). Ranges between sites and 
samples for major ions, including bicarbonate, calcium, chloride, magnesium, potassium, sodium, and sulfate, did 
not vary greatly and all were within one order of magnitude for these constituents (table MEVE-4). The data (based 
on a single sample in October 1975) from site 1384, which is located at the downstream park boundary, fell within 
the same ranges for the sites sampled directly upstream of the park. Sulfate had the largest range of values: 365 to 
1,018 mg/L at site 4537 measured 10 times from 1986 to 1998. When these sulfate values are compared to sulfate 
values of samples from sites located near the town of Mancos, there appears to be an increase in sulfate 
concentrations downstream likely related to the influence of the Mancos Shale in the watershed. This same 
increasing downstream concentration relationship existed for the other major ions, including calcium, magnesium 
and sodium. Generally, an increase in bicarbonate concentrations was observed between the sites upstream of Mud 
Creek in the vicinity of Chicken Creek and the town of Mancos as and the sites downstream of Mud Creek. These 
variations in water quality and water type reflect the variable geology surrounding the park and the wide variations 
in hydrologic conditions during sampling. 
 
There are no aquatic life or recreational water-quality standards associated with these constituents; however, when 
the available historical data for the Mancos River are compared to the 250 mg/L sulfate standard for drinking water, 
69 of 194 samples (36 percent) collected between 1975 and 1994 from all sites (from the upstream site 4516 to the 
downstream site 2186) were equal to or higher than this standard. When sulfate values and available flow data are 
evaluated, lower sulfate concentrations correspond to higher flows and high sulfate concentrations correspond to 
lower flows.  
 
Few sites had adequate major ion data to characterize water type for the Mancos River; however, even with limited 
data some patterns were evident between upstream and downstream sites, with observed water type changing from 
calcium bicarbonate to sulfate. Site 2091, located near the upstream outcrop extent of the Mancos Shale formation is 
predominantly calcium bicarbonate water. Further downstream, below the East and West Forks of the Mancos 
River, site 2213 had predominantly calcium sulfate water. As the Mancos River flows along the park boundary and 
further downstream (sites 1384, 2092, 2093, and 2202) sulfate type water was more prevalent indicating an 
increasing effect of drainage from Mancos and Menefee Shale terrains. 
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Nutrients 
From the suite of nutrients commonly sampled, nitrate, nitrate plus nitrite, orthophosphorus, and dissolved 
phosphorus, were sampled between 1 and 10 times at the sites on the Mancos River in and direction upstream of the 
park between 1975 and 1998. Nutrients were below established or recommended criteria (table MEVE-4).  
Nitrate was sampled from 1986 to 1998 10 times at one site (4537) located just upstream of the park with 
concentrations ranging from <0.01 to 0.61 mg/L and a median concentration of 0.07 mg/L. There were 4 nitrate plus 
nitrite values for 3 sites (sites 1384, 2202, and 2203) with concentrations ranging from <0.05 to 0.14 with a median 
value of 0.07 mg/L.  
 
Orthophosphorus (dissolved) was sampled once at two sites (sites 1384 and 2202) with concentrations of 0.02 and 
0.01 mg/L, respectively. Phosphorus was sampled 10 times from 1986 to 1998 at site 4537 with concentrations 
ranging from <0.1 to 0.2 mg/L and a median concentration of 0.13 mg/L. While the CDPHE has not established in-
stream standards for dissolved or total phosphorus, the USEPA has recommended total phosphorus concentrations 
be less than 0.22 mg/L in rivers and streams and less than 0.17 mg/L for lakes and reservoirs for controlling 
eutrophication in aggregate ecoregion III, which includes the SCPN parks (USEPA, 2002). None of the samples 
collected from this site have exceeded the recommended criteria. Nutrient data were generally sparse and not 
consistently sampled between upstream and downstream sites; therefore, potential nutrient impacts from the park’s 
sewage lagoons or surrounding agricultural could not be evaluated from this limited historical dataset.  
 
Trace Elements 
For the four Mancos River sites located in or directly upstream of the park (fig. MEVE-1, sites 1384, 2202, 2203, 
and 4537) various dissolved trace elements were sampled periodically, including aluminum, cadmium, chromium, 
copper, iron, nickel, selenium, silver, and zinc. These four sites were sampled 1 to 10 times between 1975 and 1998 
for one or more of these trace elements. Of these four sites, only site 4537 had multiple trace element samples 
collected (table MEVE-4). Site 2203 was sampled twice for selenium in March and July 1994; however, no other 
trace element data were analyzed from these samples. Sites 1384 and 2202 were each sampled only once in October 
1975 for a limited suite of trace elements (iron and manganese; and arsenic, iron, mercury, manganese, selenium; 
respectively).   
 
For site 4537, three trace elements (aluminum, selenium, and zinc) had one or more exceedances of state standards, 
based on data collected from 1988 to 1998. Aluminum concentrations from 10 samples, ranged from <100 to 400 
μg/L; five concentrations, sampled from 1988 to 1995, exceeded the chronic aluminum aquatic life standard of 87 
μg/L (table XX). Site 4537 exceeded the TVS for zinc (computed as 382.4 μg/L) once in July 1998 with a value of 
3,100 μg/L. Site 4537 was sampled 10 times for cadmium. Cadmium concentrations ranged from 2 to <10 μg/L and 
did not exceed the computed TVS for cadmium (6.22 μg/L). This same site was sampled 10 times for iron with 
concentrations ranging from <10 to 1,790 μg/L and a median value of 80 μg/L. No aquatic life standard for 
dissolved iron exists for Colorado waters; however the 30-day chronic aquatic life standard for total recoverable iron 
is 1000 μg/L, and one [dissolved] sample, collected in September 1994, exceeded this standard. Site 4537 was 
sampled 10 times for chromium, lead, and nickel. Chromium (unspeciated) concentrations ranged from 10 to 50 
μg/L with a median value of 35 μg/L. Lead concentrations were all measured as non-detect at <50 μg/L. Nickel 
concentrations ranged from <10 to 70 μg/L with a median value of 20 μg/L. None of the samples exceeded the 
computed TVS standards for chromium III (231 μg/L), lead (10.9 μg/L), or nickel (168 μg/L); however, in the case 
of lead the detection limits for the samples was higher than the computed TVS. 
 
The Mancos River and tributaries, upstream of Highway 160, are listed as impaired due to copper contamination in 
the 2004 303(d) (CDPHE, 2004); however, none of the data for site 4537 exceeded the TVS for copper. Copper data 
was not available for the other sites located directly upstream of or within the boundaries of the park. Site 4516, 
which is located approximately 10 miles upstream of the park near the town of Mancos, exceeded the TVS for 
copper (computed as 13.4 μg/L) six times between 1989 and 1993 with values ranging from 14 to 39 μg/L.  
Selenium was sampled at three sites (sites 2202, 2203, and 4537) between one and 10 times between 1975 and 1998. 
Most of the data were collected at site 4537. Selenium concentrations ranged from <1 to 15 μg/L with a median 
value of 4.0 μg/L. Three samples from site 4537 (collected in October 1989, September 1990, and August 1993) 
with values of 15, 5, and 6 μg/L, respectively, and one sample from site 2203 with a value of 6 μg/L (collected in 
July 1994) exceeded the chronic aquatic life standard for selenium (4.6 μg/L; table XX). These two sites are located 
in approximately the same area about 0.8 mi upstream of the park’s eastern boundary (fig MEVE-1).  
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Two other Mancos River sites have a trace element data record of five or more years; sites 4522 and 4516, which are 
located approximately 5 and 10 miles upstream of the park boundary, respectively. These sites indicated periodic 
exceedances of the aquatic life standards for dissolved copper and silver, and total recoverable iron.  
 
Trace elements, such as aluminum, copper, zinc and selenium, can enter the water column through natural and 
anthropogenic sources. In the upper Mancos River watershed, mining and natural gas development activities can 
expose the underlying formations to water and air, which has the potential to increase trace-element contributions to 
surface water. Where anthropogenic influences are absent or minimal, the types and relative concentrations of trace 
elements in the surface water are related to the geology of an area. Examination of the historical and current mining 
areas relative to the spatial distribution of elevated trace element concentrations was not completed as part of this 
study. 
 
Summary 
The quality of the water discharging from springs in Mesa Verde National Park appear to be primarily controlled by 
the surrounding geologic formations resulting in elevated concentrations of selected trace elements. Aluminum, 
cadmium, copper, iron, lead, nickel, selenium, and zinc were each exceeded one or more times for their respective 
water-quality standard. Elevated nutrient concentrations (phosphorus and nitrate) could be related to surrounding 
geology or to activities within or upgradient of the park. Two springs were identified as having elevated 
concentrations of multiple constituents, including site 4431 (near the park entrance and Highway 160) and site 5589 
(Morefield Spring in Waters Canyon). Site 4433, Big Hill Pipes, indicated elevated nutrients and selenium, which 
could be related to upgradient agricultural activities. The inconsistent and sparse nature of the data limit the ability 
to compare the water-quality of these springs to identified management concerns.  
 
The Mancos River data are also generally sparse and inconsistent with the sites within and directly upstream of the 
park sampled only once in October 1975 (sites 1384 and 2202) or twice in March and July 1994 (site 2203). One site 
was sampled multiple times between 1986 and 1998 (site 4357); however, no stream flows were measured. The river 
increases in dissolved ions, particularly calcium and sulfate, as it flows from the town of Mancos, along the park 
boundary and downstream of the park towards Johnson Canyon indicating an increasing effect of drainage from 
Mancos and Menefee Shale terrains. Aluminum, selenium, and zinc were the trace elements exceeding state 
standards one or more times at the sites in or just upstream of the park. These elevated constituents could be related 
to upstream geology or anthropogenic activities such as agricultural or mining activities.  
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SCPN Park Water Resource Narratives 
Aztec Ruins National Monument 
Hydrogeologic Setting 
Aztec Ruins National Monument (AZRU) is located in the San Juan and Animas rivers sub-basin of the 
Upper Colorado River drainage.  This Monument is underlain by sandstone of the Nacimiento Formation, 
which is typically overlain by gravels and cobbles deposited by Pleistocene melt waters and more recently 
the alluvial fill of the Animas River.  Alluvium at AZRU is approximately 77 feet deep and overlain by a 
yellowish-brown loamy soil. Regional gullying which began about 1880 is actively eroding the alluvial fill 
(Christensen 1979). 
 
Significant Water Resources 
Few natural surface water resources are present at AZRU.  The primary water body is the perennial 
Animas River that runs for approximately 610 m along the Monument’s east boundary, but the Animas 
River is outside the boundaries of the park and has a large contributing watershed, mostly outside of the 
boundaries of NPS jurisdiction.  However, the reach of the Animas River flowing past AZRU is on New 
Mexico’s 303(d) list of impaired waters for sedimentation and temperature (Table C1). The New Mexico 
303(d) list notes the probable causes of impairment as urban runoff, resource extraction, removal of 
riparian vegetation, grazing, petroleum activities, irrigated crop production, hydro-modification, habitat 
modification, channelization, streambank modification, and agriculture. Excessive streambed deposits 
preclude aquatic invertebrates from thriving, and thus deprive the cold-water fishery of its food source. 
 
The Animas River serves as wildlife habitat most notably for the southwestern willow flycatcher 
(Empidonax trailli extimus).  It has provided water both to Ancestral Puebloans who occupied this region 
and to the more recent pioneers who immigrated to the area in the 1800s. 
 
Several miles upstream from AZRU water from the Animas River is diverted into an irrigation ditch. The 
ditch, known as Farmers Ditch, runs inside the monument for about 650 meters, carrying large volumes of 
water during most of the year. Farmers Ditch was constructed in 1892, and in the past provided water that 
was used to irrigate pastures and orchards on the monument. Today, the ditch continues to supply 
irrigation water to AZRU and also carries water from the Animas River through the Monument to a 
reservoir near Farmington. The reservoir is the primary source of drinking water for the City of Farmington 
and the surrounding area (D. Carruth, personal communication 2004).  Christensen (1979) studied the 
efficacy of a drain line placed north of the ruins to reduce deterioration of the ruins by groundwater.  He 
found that groundwater had little to do with the deterioration, but instead surface irrigation practices were 
at fault. Since 1983 excess irrigation water has been collected in an unlined tail-water recovery ditch on 
property north of the monument. This ditch diverts water to a pond with drainage pipes for control of 
overflows. In 1983, a new French drain was installed north of the ruins, collecting irrigation water and 
diverting it off site (National Park Service 1988). Deterioration of the ruins due to shallow ground water 
conditions has continued to be a problem and in 2005 NPS-WRD initiated a new hydrogeologic study of 
the site (C. Filippone, personal communication 2005). 
 
Water quality of the ditch is unknown, but suspected contaminants include pesticides, fertilizers, 
pathogens, and other constituents associated with an agricultural landscape. 
 
Since 1958 the park has been supplied with potable water by the City of Aztec.  Prior to that time a well, 
drilled in 1931, served as a source of irrigation water for the park.  A USGS/WRD gaging station located 
on the Animas River near the park (USGS-09364000) no longer functions. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Riparian, wetland, and aquatic habitats and associated wildlife 
• Water for irrigation within the park 
• Historical association of site settlement with water 
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Aztec Ruins National Monument Natural Resource Waters 

Water Body 

Number 
intermittent 

reaches 
Intermittent 
length (km) 

Number 
perennial 
reaches 

Perennial 
length (km)

Total length 
(km) 

Farmers Ditch 1 0.6   0.6 
Animas River   1 0.6 0.6 

 
 
Management and Scientific Issues 
The Animas River adjacent to AZRU is a 303(d) listed water body and is impaired by sedimentation and 
temperature as described earlier. 
 
Urban and mineral developments at the borders of the monument have the potential to impact natural 
resources.  In particular, water extraction for urban development can deplete water sources, and 
extraction for the latter can contaminate waters as well as cause depletion.  A mobile home park and a 
housing development border the monument on the south.  Scattered developments in other directions 
include natural gas and oil wells and associated pipelines and the potential for additional housing 
development.  A plan to develop land for housing along the northern boundary of the monument is 
currently underway.  The monument lies within the City of AZRU boundaries.  As such the city can extend 
it’s planning and zoning to areas surrounding the monument, guiding development. 
 
Other impacts to the Animas River upstream of the park include a range of agricultural uses such as 
livestock grazing, irrigation return flows, and pesticide and fertilizer applications. 
 
The monument does not own mineral rights and three active oil and gas wells are present within its 
boundaries. Four more wells are planned. Contamination of surface water and groundwater can occur as 
result of the withdrawal of saline waters from depths.  Continued extraction is a concern for the park. 
 
Additional water resource issues include expansion of exotic plant species via the irrigation ditch, 
ensurance of an adequate supply of water for current and future needs, the need for documentation of 
use to ensure perpetuation of existing water rights, and provision of habitat for native riparian dependent 
species such as the state-listed yellow-billed cuckoo (Coccyzus americanus). 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 
303(d) listing of Animas River for sedimentation  
Urban and industrial encroachment 
Upstream agricultural activities 
Oil and gas extraction surrounding and inside the park 
Exotic invasion – noxious weeds, Russian olive, tamarisk 
Channel modification and erosion 
Climate trends and extreme events 
 
Past and Current Inventory and Monitoring 
Shallow ground water levels have been monitored in the past in relation to studies of the effects of the 
Farmers Ditch on the cultural sites at AZRU. This monitoring program was resumed in 2005. A gage 
maintained by the New Mexico State Engineers Office monitors the quantity of flow in Farmers Ditch. The 
gage is about two miles upstream from AZRU.  
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory at AZRU. The Animas River and 
Farmers Ditch are included in this inventory. 
 
Literature Review 
Christensen (1979) addressed hydrologic problems at AZRU.  He discussed issues of flooding related to 
irrigation north of the Monument.  The study emanated from a need to prevent damage to significant 
archeological sites from irrigation water.  The report comments on a subsurface drain line installed 
several decades before to lower the groundwater level, along with related observation wells.  Four new 
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observation wells were drilled in July 1979 as part of this survey.  The report also provides information on 
soils, with descriptions of the local hydrogeology, groundwater flow, and the nature of the local aquifer.  
 
Water quality data were summarized in the Horizon Report developed by Dean Tucker (NPS 1997).  Prior 
to 2005, no water quality monitoring has occurred inside the park.  Water quality monitoring at sites near 
the park was sporadic through 1996.  Sampled sites included the Animas River, Farmer and Estes 
arroyos, irrigation ditches and a pond.  The study notes potential human-related sources of contaminants 
from municipal wastewater, nearby oil and gas development, and irrigation and livestock operations. 
 
The park Resources Management Plan (Aztec Ruins National Monument, 1996) recognizes several 
natural resources of importance including groundwater, irrigation systems, the Animas River, and riparian 
communities.  The park’s management goals are to ensure an adequate supply of water for current and 
future needs.  One project statement requests the need to research water rights and repair the well (PS: 
N-001.000).   
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Bandelier National Monument 
Hydrogeologic Setting 
The Sierra de los Valles Mountains around Bandelier National Monument (BAND) form the rim of an 
ancient caldera resulting from a violent volcanic eruption nearly a million years ago.  The eruption 
covered the surrounding area, the present Pajarito Plateau, with ash that is now known as Bandelier tuff.  
Six principal canyons dissect BAND’s portion of the Pajarito Plateau in a northwest to southeast 
alignment.  They include Frijoles, Lummis, Alamo, Capulin, Medio, and Sanchez canyons, five of which 
support base flow originating from seeps and springs along the mountain and plateau interface (Mott 
1999).  All of BAND drains to the Rio Grande and Cochiti Reservoir.  Christensen (1980) stated that the 
springs and seeps which supply base flow to creeks in BAND are recharged from perched water in the 
Tschirege member of the Bandelier Tuff, or within the underlying Tshicoma Formation.  However, further 
investigations (Los Alamos National Laboratory 1998) surmised that fracture transmission might be 
responsible for recharge to springs, with the source of water unknown.  Of the six drainages, only Capulin 
and Frijoles support measurable base flows, averaging approximately 0.5 to 1.0 cfs, respectively.  Only 
Rito de los Frijoles (Frijoles Creek) flows perennially to the Rio Grande (Mott 1999). 
 
Catastrophic fires occurring in 1977 (La Mesa) and 1996 (Dome) burned extensive areas of BAND and 
caused distinctive changes in the flow regimes of the Capulin and Frijoles drainages.  The number, 
magnitude, and frequency of peak flows increased significantly (White and Wells 1984; Veenhuis, 2002).  
Runoff volume may have remained the same post-fire, but time of collection and retention of precipitation 
in the drainage area decreased (Purtymun and Adams 1980).  The Cerro Grande fire of 2000 also burned 
areas in BAND. Studies of effects on water resources of this fire have not  yet been widely published. 
 
Although Los Alamos National Laboratory (LANL) has investigated groundwater in the area, 
characterization of the three main groundwater zones is not complete (Mott 1999).  The groundwater 
beneath the Pajarito Plateau occurs in three zones: in the shallow alluvium of canyons, perched on 
relatively impermeable strata, and in the regional aquifer (Los Alamos National Laboratory, 1995).  The 
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latter aquifer is the only viable water source on the plateau (Rogers et al., 1996).  LANL believed that the 
impermeable strata and unsaturated deposits between the shallow alluvium, the perched, and the main 
aquifers would confine any contamination from tritium and plutonum-239 (Mott 1999).  However, 
groundwater monitoring summarized by the U.S. Department of Energy (1998) documented a number of 
contaminants originally discharged to canyon streams or buried on mountaintops in the alluvial and 
perched groundwater. 
 
Generally, water in the canyon alluvium and within the perched zones is recharged by perennial, 
intermittent, and ephemeral stream flows.  Recent work indicates that the regional aquifer is recharged 
from the Espanola Basin to the east (Blake et al., 1995).   
 
Significant Water Resources 
The Rito de los Frijoles, Alamo Creek, and Capulin Creek all support perennial reaches within BAND. The 
Rio Grande defines 8.8 km of the Monument’s southwest border.  Only the stream bank and associated 
riparian area are within Monument boundaries.  Rito de los Frijoles flows for approximately 22.5 km 
through the Monument.  Other water resources of BAND include a number of intermittent streams and 
perennial springs.  Two perennial desert springs, Apache and Turkey Springs, are found respectively 
near the north and west borders. Frijoles and Alamo springs, both perennial springs along the Rio Grande 
were extinguished with sedimentation deposited by Cochiti Reservoir in the late 1980s; however, Frijoles 
spring has re-emerged in recent years as reservoir levels have declined due to drought conditions.  
Riparian, wetland, and floodplain zones with their attendant mesic to hydric water regimes provide 
suitable habitat for narrowleaf cottonwood (Populus angustifolia), boxelder (Acer negundo), mountain 
maple (Acer circinatum), and Gambel oak (Quercus gambelii), New Mexico alder (Alnus oblongifolia), 
beech (Fagus grandifolia), Common chokecherry (Prunus virginiana), and New Mexico olive (Forestiera 
pubescens var. pubescens).  Most of BAND’s sensitive species are also associated with perennial 
moisture in the canyons (Jacobs 1998).  These water sources are important to wildlife and provided water 
supplies to pre-historic and historic peoples of the area.   
 
Bandelier National Monument obtains its drinking water from the County of Los Alamos. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Riparian, wetland, and aquatic habitats and associated wildlife 
• Springs in upper Frijoles Canyon 
• Historical association of site settlement with water 
• Developing wetlands on the shores of Cochiti Reservoir (especially migratory bird breeding grounds). 
 

Bandelier National Monument Natural Resource Waters 
Streams Perennial Reaches* 

Rito de los Frijoles U,M,L [303(d) listed] 
Medio Canyon U 

Sanchez Canyon M 
Chaquehui Canyon M 

Lummis Canyon Ephemeral only 
Capulin Creek U,M,Lp [303(d) listed] 
Alamo Canyon U,M,Lp 

Springs Average Flow (gpm) 
Turkey Spring 22.2 

Spring at head of Frijoles Canyon 231 
Spring near mouth of Frijoles Canyon 1.38 

Apache Spring 0.96 
Alamo Spring small 
DOE Spring small 

*U=Upper, M=Middle, L=Lower, Lp=Portion of Lower 
gpm = gallons per minute 
Table adapted from:  Mott, D. 1999. Water resources management plan, 
Bandelier National Monument, New Mexico. Bandelier National 
Monument, Los Alamos, New Mexico. 
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Management and Scientific Issues 
The Rito de los Frijoles is impaired by fecal coliforms, temperature, DDT, and turbidity and is on the New 
Mexico 303(d) list for “partially supporting” designated uses (New Mexico Environment Department 2004).  
Capulin Creek is also on New Mexico’s 303(d) list for benthic macroinvertebrate bioassessment and 
sedimentation. This impairment is most likely due to increased watershed runoff following catastrophic 
forest fires (New Mexico Environment Department 2004).  
 
From the 1950s through the mid-1960s BAND used DDT and other forms of chlorinated hydrocarbons for 
pest control near the developed headquarters area – a hydraulic sprayer and aerial spraying were used to 
apply the chemicals (Mott 1999).  Unknown quantities of DDT solution entered the maintenance drainage 
system ending in two sumps.  Consequently the contaminants percolated into the surrounding soils and 
entered the aquatic system of Frijoles Creek.  In 1975, the State of New Mexico found high levels of DDT 
in Rito de los Frijoles.  Fish samples collected by the USGS/WRD in 1993 had high levels of DDT and its 
isomers.  BAND engaged contractors to remove a drainage sump in 1993.  Subsequently, BAND 
contracted Ecology and Environment, Inc. to prepare a risk assessment.  In 1996, the contractor 
concluded further remediation was not warranted and that a ban on fish would be appropriate.  Sampling 
conducted by the USGS/WRD found that DDT-T in rainbow trout to be significantly less (0.1786 ppm) 
than the reported EPA threshold level of 5 parts per million (ppm) (Carter 1997). 
 
BAND has no ONWR designated waters, but the Water Resources Management Plan (Mott 1999) 
provides a project statement outlining the steps required to attain such a designation. 
 
Other management concerns include sustained inundation from Cochiti Reservoir, wildland fire and 
subsequent flooding and erosion, large ungulate use, historic contaminants in perched aquifers, visitor 
impacts, native fish re-introduction, adjacent land management, and atmospheric deposition.  Other 
concerns including dysfunctional sewage pipelines and lift station, floodplain concerns, and livestock have 
been addressed or are minimal.  All of these issues are fully described in the management plan (Mott 
1999). 
 
Additional explanation of the failings of adjacent land management, particularly on National Forest lands 
is presented in the BAND briefing statements to the Bandelier Tribal Consultation Committee (Bandelier 
National Monument 2001).   
 
From a scientific point of view, BAND is interested in understanding the impacts of prescribed fires on the 
flow regime and aquatic biota, and, to that end, a project statement has been written.  BAND performs 
landscape-level research on restoration of woodland communities related to watershed erosion and 
hillslope hydrology.  Woodland sites within the Pajarito Plateau, treated by overstory removal and slash 
mulching, were monitored for erosion and runoff (Wilcox et al. 1996a, Wilcox et al. 1996b, Jacobs and 
Gatewood 1999, Hastings et al. in press). 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• 303 (d) listing of Rito de los Frijoles for fecal coliforms, temperature, DDT, and turbidity and 
Capulin Creek for benthic macroinvertebrates and sedimentation 

• Ecosystem disturbance associated with fluctuating water levels at Cochiti Reservoir 
• Sedimentation and erosion following wildfire 
• Impacts from adjacent land uses including contaminants (Los Alamos National Laboratory, U.S. 

Forest Service) 
• Trespass livestock  
• Internal park development and visitor impacts 
• Potential loss of invertebrate species caused by chemicals used to prepare streams for 

introduction of the Rio Grande cutthroat trout (Oncorhynchus clarki virginalis) (Mott 1999) 
• Climate trends and extreme events 
• Invasion of exotics 
• Outside development and encroachment 
• Historic lab dump below amphitheatre parking lot 
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Past and Current Inventory and Monitoring 
The Baseline Water Quality Data Inventory and Analysis Report (National Park Service Water Resources 
Division, 1997) found a total of 34 stations within BAND, with 20 of these sites on Rito de los Frijoles.  
Data extend as far back as 1957. Monument staff conducted intermittent sampling between 1982 and 
1992.  Bacteriological contamination was the focus of much of the monument’s monitoring effort, since 
there was concern relating to corrals and park sewer infrastructure near the creek.  Copper, lead, and 
zinc were found to exceed EPA criteria for aquatic freshwater life in some of the samples (Mott 1999). 
 
Los Alamos National Laboratory has a number of perimeter well and stream-monitoring sites, one of 
which is the Rito de los Frijoles below Monument headquarters.  LANL monitors stream flow and water 
quality at this site (see Los Alamos National Laboratory, 2000 for an example). 
 
In 1993, the USGS/WRD initiated a three-year intensive water quality-monitoring program in the Rio 
Grande study unit.  Under the National Water-Quality Assessment (NAWQA) Program, water quality, bed 
sediment, tissue samples, and flow data were collected in BAND at and below the Rito de los Frijoles 
gaging station.  The sampling revealed high levels of DDT contaminants in fish tissue (Mott 1999). 
 
Through a USGS/WRD-NPS partnership, BAND staff sampled runoff and suspended sediment on the 
Pajarito Plateau. 
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory; eight sites at BAND are 
included in this inventory. 
 
Literature Review 
The Bandelier Resource Management Plan (1995) recognized the Rio Grande, tributary streams, 
associated wetlands, and riparian areas as important natural resource features.  To that end, a number of 
project statements addressing water resources have been developed. 
 
The major reports discussing water resources at BAND include: 1) the Water Resources Management 
Plan (Mott 1999), and 2) the Baseline Water Quality Data Inventory and Analysis Report (National Park 
Service Water Resources Division, 1997). 
 
Los Alamos National Laboratory has an extensive monitoring program.  BAND receives information 
generated by the LANL program in the form of Status Reports, (1997-present). 
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Canyon de Chelly National Monument 
Hydrogeologic Setting 
Canyon de Chelly National Monument (CACH) lies within the Navajo Nation and is composed of four 
main canyons that extend from its eastern edge on the Defiance Plateau to Chinle Wash at its western 
edge.  These include Canyon del Muerto, Black Rock Canyon, Canyon de Chelly, and Monument 
Canyon.  These canyons drain the Chuska Mountains and the Defiance Plateau, upland regions that 
comprise the most mesic terrain within the Navajo Nation.  Drainages within CACH are predominantly 
enclosed by vertical-walled canyons that range in depth from about 305 meters to only 9 meters emptying 
into Chinle Wash which drains to the west. 
 
Canyon walls at CACH are composed of De Chelly Sandstone that was deposited over 200 million years 
ago during the Permian Age. The Shinarump member of the Chinle Formation caps the sandstone, and 
the underlying Supai Formation is exposed in some areas.  Unconsolidated sediment, primarily sand, 
occurs in the drainage bottoms.  Streams in the canyons are incised into the alluvial sediments. Channel 
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narrowing and extreme channel incision has occurred in most reaches of Chinle Wash and Tsaile Creek 
due to failed stabilization efforts and invasion by Russian olive and tamarisk (Chinle Soil and Water 
Conservation District et al. 1997). 
 
A number of springs and seeps emanate from cliff faces at geologic contacts and are perennial in some 
cases. 
 
Upper reaches of drainages at CACH are perennial, but become intermittent farther down gradient.  Snow 
pack run-off and summer rains provide direct flows in the drainages and also infiltrate, providing 
groundwater recharge for later release.  Some sheet flow occurs over cliff faces during storm events. 
  
Significant Water Resources 
Perennial stream corridors amounting to about 65 km occur in the upper third of the canyons.  Lower 
reaches of streams tend to be intermittent.  Subsurface water is available all year in the washes.  There 
are two canyon drainages, Canyon de Chelly and Canyon del Muerto. Coyote Wash and Black Rock 
Canyon are tributaries to Tsaile Creek, which flows in Canyon del Muerto.  All three of these have 
perennial stream flow in their upper reaches. Wheatfields Creek and Whiskey Creek are both perennial in 
some sections and join to form Chinle Wash in CACH. Throughout the Monument there are numerous 
intermittent drainages.  In addition there are at least 12 springs at CACH and a reservoir, Tsaile Lake at 
the northeastern end of Canyon del Muerto.  These numbers may not accurately reflect the number of 
seeps and springs within the Monument due to lack of information. 
 
Wetter side canyons are the locations of treasured microenvironments.  Both perennial and intermittent 
water sources are important for flora, fauna, past cultures, and those presently living in the canyon.  
Hanging gardens, supporting the highest biodiversity, are located on cliff faces of canyons where 
groundwater intersects geologic contacts. Riparian habitat in the upper watershed region is particularly 
important for an array of species, particularly migratory birds.  
 
CACH obtains its water supply from a well at the Visitor’s Center.  They have the option to switch to water 
supplied by the Navajo Tribal Utility from the town of Chinle, but prefer not to due to comparatively worse 
water quality from that source.  Other wells within the CACH boundary include two alluvial wells in 
Canyon del Muerto, one well near the mouth of Many Cherry Canyon, and one well in the Twin Trails 
area.  Currently none of these is in functioning condition. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Riparian and aquatic habitats in heads of canyons 
• Water supply to wildlife 
• Springs and hanging gardens in Canyon de Chelly and Canyon del Muerto 
• Historical association of native agricultural activities with presence of water 
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Canyon de Chelly National Monument Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
length 
(km) 

Streams      
Bat Canyon 5 9.8   9.8 
Black Rock Canyon 1 1.7 3 14.6 16.3 
Chinle Wash 1 0.9   0.9 
Coyote Wash 14 32.2 14 24.8 57.0 
Horse Track Canyon 1 1.9   1.9 
Middle Trail Canyon 3 6.7   6.7 
Monument Canyon 14 22.1   22.1 
Muerto, Canyon del 9 23.7 5 17.9 41.6 
Pine Tree Canyon 1 2.8   2.8 
Sheep Dip Creek 1 0.6   0.5 
Small Twin Canyon 1 1.8   1.8 
Wheatfields Creek   3 8.5 8.5 
Whiskey Creek 1 2.7   2.7 
Unnamed reaches 87 149.7   87 

Springs and Seeps      
Many Cherry Canyon      
Spring Canyon      
Many other seeps and 
springs       

Impoundments      
Tsaile Lake      

 
Management and Scientific Issues 
Management issues related to water resources at the CACH include those associated with invasive plant 
species, erosion, and storage.  The presence of exotic flora, particularly tamarisk and Russian olive, is 
detrimental to functioning plant communities and water resources.  These species are present in Canyon 
de Chelly and Canyon del Muerto and are spreading to the upper drainages and side canyons.  
 
Earthen dams outside of CACH at the head of Canyon de Chelly and within the Monument near the head 
of Canyon del Muerto intercept water that would otherwise reach downstream riparian habitats.  The 
hydrologic impact of these dams is not quantified and NPS does not have an accurate inventory of 
impoundments. 
 
Erosion, bank cutting, and arroyo cutting are major threats to cultural resource sites along the floors of 
Canyon de Chelly and Canyon del Muerto.  Winter and monsoonal summer storm events can produce 
intense flooding, potentially altering existing stream channels and compromising the structural integrity of 
cultural resources.  When downcutting intersects the water table, declines in water levels can result.  
Downcutting has reached bedrock or talus slopes in the mid to upper canyons and in some side canyons 
(Chinle Soil and Water Conservation District et al. 1997).  The reasons for downcutting and lowering of 
the water table in the drainages are not well understood (Chinle Soil and Water Conservation District et 
al. 1997).  Rydout (1983) and Dolan (1993) described periods of incision and aggradation of the canyon 
bottoms.   
 
At present, approximately 40 to 50 families (about 500 people) and 25 sheep (down from 30-50 sheep) 
live in the canyon system full or part time.  Downcutting, streambank and channel erosion, and a lowered 
water table have made traditional agricultural practices more difficult.  In some areas, irrigation diversions 
and infrastructure are no longer effective, resulting in the abandonment of some traditional agricultural 
areas.  Due to this process, little agriculture continues in Canyon del Muerto.  
 
The occurrence of erosion increases chances for degradation of water quality.  Silt and sand-laden 
waters are not unusual in this region; however, macroinvertebrate populations and habitat may be 
impacted.  Agricultural and recreational activities in the drainages may also impact the water quality, and, 
to date, little is known about CACH’s water quality, hydrology, and aquatic biota. 
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Recreational use in CACH consists of tours with motorized vehicles that access the canyon utilizing 
approximately 20 to 30 road crossings.  These activities contribute to channel and streambank erosion.  
Canyon residents also use all-terrain vehicles (ATVs) to travel up and down the canyons.  Inner canyon 
recreational hiking is limited to the White House area, and recreational camping in CACH is allowed only 
at a campground near the visitor center. Minimal grazing occurs in the canyons, and this can also 
contribute to erosion and water quality degradation. 
 
External to CACH, ground water development, livestock grazing, increasing residential development, 
mining, and road construction can all impact CACH’s water quality and quantity.  A number of large 
ranches on the Defiance Plateau have roaming cattle that move into the upper drainages, causing 
conflicts with farmers in those areas.   
 
Atmospheric deposition may also impact the park’s water resources. 
 
From a scientific point of view, NPS would like to understand how and why the canyon has changed over 
the course of decades and even centuries of human habitation.  Maps showing conditions in the 1930’s 
are available to aid this type of research.  Two such efforts occurred in the past yet failed to shed light on 
the larger watershed condition.  The NRCS has developed projects to reduce erosion, but they were a 
piecemeal approach, failing to address larger watershed issues.  The current NPS effort in cooperation 
with the Navajo Nation, NRCS, and local residents will take a watershed approach and address concerns 
of watershed condition and groundwater depletion while attempting to view water and agriculture in the 
traditional ways of the Navajo (National Park Service 2005). 
 
There are no 303(d) or ONRW designated waters within CACH. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Widespread invasion by exotics especially riparian 
• Decreasing surface flows and increasing depth to groundwater 
• Climate trends and extreme events 
• Geomorphological changes including incision, degradation and aggradation  
• Agriculture/ranching on the surrounding plateau 
• Possible water loss from impoundments at heads of canyons 
• Commercial and residential encroachment  
• Decline and/or die-off of hanging gardens 
• Runoff associated with canyon rim development 
• Trash dumping in canyon heads; potential for leaching of contaminants into ground water 
• Effects of riparian vegetation treatments (e.g. exotic control) on groundwater levels. 

 
Past and Current Inventory and Monitoring 
Some water quality monitoring occurred in CACH and is reviewed in NPS (1999).  The Navajo Nation has 
recently undertaken water quality testing on the Monument’s water supply well.  Water levels have not 
been monitored at park wells.  The USGS/WRD streamflow gage Chinle Cr at Chinle, AZ (09379025) is 
located next to the bridge near the visitor’s center. The Navajo Nation Water Resources Division operates 
a streamflow gage on Tsaile Creek just downstream from Tsaile Lake. 
 
In 2005 NPS initiated work on a Watershed Restoration Project at CACH. Project activities include 
removal of invasive riparian plant species, biological inventories, channel morphology surveys, and 
shallow groundwater monitoring (NPS, 2005). 
 
Current work related to water resources within the park includes monitoring for plants, amphibians, 
reptiles and birds. 
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. Nine sites at 
CACH are part of the inventory, including the park water supply well, three springs, four surface water 
sites, and Tsaile Lake. 
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Daily precipitation and temperature are recorded at the CACH visitor center. 
 
Literature Review 
The literature pertaining to water resources in CACH is limited.  The Monument is currently undergoing 
development of a revised general management plan. 
 
The Canyon de Chelly National Monument Resource Management Plan (1987) notes that riparian and 
hanging garden communities are valuable natural resources.  The document also has a project statement 
addressing erosion issues.  The document does not specifically address water quality. 
 
However, the National Park Service (1999) inventoried and analyzed water quality data in and near 
CACH.  Three water-monitoring stations were found in the park.  Measurement of pH exceeded the EPA 
criteria for freshwater aquatic life (>9 standard units) at two of these sites. 
 
Sacomen (1993) completed an environmental survey of the CACH’s sanitation facilities. 
 
From a broader perspective, Cooley et al. (1969), Irwin et al. (1969), and McGavock et al. (1966) 
reviewed the geology, hydrogeology and geohydrology of the Navajo and Hopi reservations with 
particular attention to water supply. 
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Chaco Culture National Historical Park 
Hydrogeologic Setting 
Chaco Culture National Historical Park (CHCU) is located west of the continental divide in the San Juan 
Basin, a generally semi-arid region of mesas, canyons, plains, and badlands.  The park encompasses 
three prominent land forms: the alluvium-filled valley floor of Chaco Canyon, with its prominent drainage 
features; expansive sandstone mesas, topped by slickrock outcrops and gently rolling hills; and a number 
of smaller side canyons (including box-canyons locally known as rincons), eroded into the sandstone 
faces adjacent to the main canyon floor.  
 
Chaco Canyon is eroded into Cretaceous sandstone and shale outcrops exposed in the center of the San 
Juan Basin in northwestern New Mexico.  Local topography is shaped primarily by variable erosion rates 
between the resistant Cliff House Sandstone and the underlying, weakly consolidated Menefee Shale 
members of the Mesa Verde Group (DeAngelis 1972).  The entire Cliff House Sandstone unit 
(approximately 150 meters thick) is exposed and forms the steep walls and mesa tops of the canyon.  The 
upper 20 meters of the Menefee Shale (total thickness of 550 meters) are exposed beneath the sandstone at 
the base of the canyon walls.  Approximately 50 seeps or springs emanate from these features within the 
park unit.  A shallow alluvial aquifer (6-12 meters deep) is present in Chaco Wash.  Water from intense storm 
events sometimes results in sheet flow over the exposed sandstone cliffs. 
 
Significant Water Resources 
Chaco Wash, an intermittently flowing stream, runs through the middle of the primary unit of CHCU for 
25.8 kilometers.  Its flows are derived from summer thunderstorms and winter snowmelt within a 2,175-
km2 watershed (Simons, Li, & Associates 1982).  A succession of three pools found at the confluence of the 
Chaco and Escavada Washes generally have reliable water.  A shallow aquifer is present beneath Chaco 
Wash, which supports a canopy of cottonwood and tamarisk.  These were planted in the 1940s to provide 
a stabilizing effect on the Chaco Wash channel (Brad Shattuck, CHCU pers. comm., 7/15/03).  A result of 
the channel stabilization has been the development of a straight, narrow, incised inner channel within the 
20 m - 40 m wide flood plain.  The park staff indicates that the water table in Chaco Wash has declined 
relative to records from the 1940’s (Brad Shattuck, CHCU pers. comm., 7/15/03).  The causes of the 
water table decline have not been determined.   
 
Other drainages at CHCU that support intermittent streams or ephemeral flows include Fajada, Gallo, 
Clys, Mockingbird, Chetro Ketl, Lizard House Rincon, and Kin Klizhin, Kin-me-ni-oli, and Kin-bin-eola in 
park outlier units. 
 
Moser and Gillies (1999) located approximately 50 seeps within the park.  These isolated seeps are typically 
found in side canyons and rincons.  Many of the seeps are dry for periods during the year. The recent 
drought has caused diminished discharge at many of the springs and seeps, causing some to dry completely.  
 
The water supply for CHCU comes from a deep well located in the park maintenance yard. The well was 
completed in the Gallup Sandstone to a depth of approximately 914 meters. NPS/WRD recently installed 
a pressure gage in the USGS Monitoring Well, completed in the Point Lookout Sandstone, to monitor 
ground water levels in the deep aquifer. Park staff note the presence of many wells within the park 
boundaries. A USGS researcher is in the process of organizing and interpreting information describing 
these wells (Vincent, pers. comm. 2005).   
 
The park monitors water levels at several shallow wells near Chaco Wash. Data collected through this 
effort show daily fluctuations of water level, thought to be due to plant transpiration uptake.   
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Riparian habitat 
• Water source for wildlife 
• Historical association of site settlement with available water 
• Springs 
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Chaco Culture National Historical Park Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
length 
(km) 

Streams    
Chaco Wash 17 25.8   25.8 
Escavada Wash 2 0.7   0.7 
Fajada Wash 2 1.1   1.1 
Gallo Wash 1 6.3   6.3 
Kim-me-ni-oli Wash 5 5.1   5.1 
Kin Klizhin Wash 6 3.8   3.8 
Unnamed reaches 39 51.3   51.3 

Springs      
Wijijji Spring      
Holsinger Spring      
Gambler Spring      

Other      
Historic Masonry Well      

 
Management and Scientific Issues 
The shallow aquifer and surface water resources of Chaco Wash support many of CHCU’s biological 
communities and contributed indirectly to the development of the park’s archaeological features.  Without 
these water resources, a significant number of plant and animal populations could become severely 
limited or extirpated from the park unit.  Understanding the reasons for the continuing decline of water 
levels in the wash subsurface is important to the long-term viability of park biota that depend on surface 
and near-surface water resources. 
 
There are no 303(d) or ONRW listed waters at Chaco Culture National Historical Park. 
 
External threats from groundwater development may impact water levels and/or water quality in the 
shallow aquifer at Chaco Wash.  The development relates to oil and gas exploration, coal and uranium 
mining, and associated commercial and residential development.  A proposed 300 MW power plant south 
of the park could impact air quality and increase impacts to water sources via atmospheric deposition. 
 
Water quality may be impaired within and outside the park as a result of storm water runoff. Flash floods 
related to rapid and large rain events can cause the flood waters to carry large amounts of sediments 
from watersheds that are degraded due to overgrazing or other human related activities. Excessive 
sediment loads can impair habitat for suitable invertebrates and other species. Backcountry travel is 
limited at the park and therefore recreational impacts on water quality are considered to be minor. 
 
Historically, cattle grazed park land intensively.  At present, overgrazing is a threat external to the park 
and can contribute to fecal contamination and sedimentation downstream in the park. In recent years elk 
have inhabited park lands, causing trailing and trampling at seeps and springs. 
 
Invasion of tamarisk is a concern in Chaco Wash, in many of the side canyons, and at the seeps and 
springs. 
 
The park lacks some basic natural resource data that would help clarify the relationships between Chaco 
Wash, its tributaries, and seeps and springs and riparian vegetation and provide management with 
scientific information to manage the park’s natural resources.  The effect of invasive plant species on park 
water balance is also poorly understood but may be important for understanding long-term changes in 
near-surface water levels. 
 
Unique archaeological sites at CHCU have long been threatened by active bank erosion of Chaco Wash.  
Management to preserve these sites has created resource management tension between allowing natural 
channel-widening geomorphic process to occur in the wash and acceptance of channel stabilization 
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methods including structural solutions and the tolerance of non-native riparian plant species. Introduced 
riparian species within Chaco Wash probably affect water quality and availability and arroyo channel 
dynamics.   
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Resource extraction – oil, gas and uranium 
• Proposed power plant and associated impacts to air and water quality 
• Commercial and residential encroachment 
• Presence of exotic vegetation 
• Climate trends and extreme events 
• Geomorphologic processes in Chaco Wash and relationship to hydrologic function 

 
Past and Current Inventory and Monitoring 
Hanna and Hanna (2003) conducted a riparian vegetation study of the park using Landsat imagery.  At 
the same time the park conducted an inventory of birds and invertebrates with the University of New 
Mexico.   
 
The SCPN I&M program recently completed reptile and amphibian inventories.  
 
Kirk Vincent, geomorphologist with the USGS is currently investigating the historic drop of the alluvial 
aquifer and Chaco Wash’s geomorphologic history.   
 
A stream flow gaging station located near the bridge at the park visitor center was operated by the 
USGS/WRD from 1976 through 1990 (USGS 09367680, Chaco Wash at Chaco Canyon National 
Monument, NM). With assistance from the NPS Water Resources Division the park replaced the old gage 
structure with a H350 water level bubbler.  All stream flow and water level data are stored in CHCU 
Natural Resources files.   
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. Six sites at 
CHCU are part of the inventory, including three shallow alluvial wells, two springs, and one surface water 
site. 
 
Literature Review 
The park’s Resource Management Plan (Chaco Culture National Historical Park, 1995) states several 
objectives related to water, including: 

• identify water resource changes early before they become crises 
• minimize external threats to water quality 
• understand riparian vegetation of Chaco Wash, its tributaries, and seeps and springs 
• acquire baseline resource data necessary to manage, preserve, and protect natural and cultural 

resources 
• continue monitoring groundwater quantity and quality 
• implement an erosion control program based on proposed recommendations from NPS Water 

Resources Division for the purpose of protecting threatened resources 
 

The park (CHCU Resource Management Plan 2003; CHCU 1995) has several project statements related 
to water resources including: 

• Monitor external threats to air quality  
• Inventory ongoing/potential mineral development 
• Develop hazardous materials/oil spill contingency plan 
• Research grazing impacts on vegetation/soils/fauna 
• Inventory and monitor reptiles and amphibians 
• Inventory and monitor invertebrates 
• Inventory and monitor water resources 
• Finalize perennial seeps inventory 
• Control tamarisk in side canyons, seeps, and springs 
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• Acquire Chaco Wash groundwater rights 
• Restore riparian vegetation 
• Analyze groundwater isotopes  
• Monitor groundwater levels and flow data for Chaco Wash 
• Acquire baseline flow and water quality data for perennial seeps  
• Acquire baseline flow and water quality data for intermittent washes (Chaco, Kim-me-ni-oli, Kin 

Klizhin, Gallo, Fajada, and Pintado Chaco) 
• Develop long term monitoring protocol for seeps and springs 
• Monitor and protect sole Public Water Supply, Technical Assistance Request 2003 

 
The park has several files and studies (Author unknown, multiple dates; CHCU 1998; NPS 1997; USGS 
1983) documenting physical data including water quality and quantity in washes and in the shallow 
aquifer.  Numerous water quality parameters exceeded the EPA criteria for freshwater aquatic life and 
drinking water (NPS 1997), yet these exceedances appear to be one-time events related to oil and gas 
exploration.  Several studies relate to efforts to stem problems with erosion near cultural sites (e.g. 
Simons, Li & Associates, Inc. 1982).  Rothrock and Maxwell (1942) completed a review of the park’s 
water supply.  Other studies review water resources for the general area around CHCU. 
 
A water resources management profile prepared by the National Park Service (1982) summarizes the 
hydrogeologic setting of the park, discusses water rights, and summarizes water resource problems such 
as impacts to the watershed from energy-related development, unnatural flooding, soil erosion, and the 
need to monitor water quality. 
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El Malpais National Monument 
Due to the lack of perennial surface water, no water chemistry or aquatic macroinvertebrate monitoring is 
proposed for ELMA at this time. 
 
Hydrogeologic Setting  
El Malpais National Monument (ELMA) encompasses a vast area of recent basalt lava flows.  These 
flows are up to 60 meters thick, and manifest themselves as lava tubes, volcanic vents and spatter cones, 
lava caves, perennial ice caves, kipukas and other surface features.  The flows overlie alluvium (in some 
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places) and sedimentary rock layers including the Dakota Sandstone, Zuni Sandstone, Chinle Formation, 
Mancos Shale, San Andres Limestone, and the Abó Formation.  Water from precipitation events can 
infiltrate the lava cap, recharging the San Andres-Glorieta aquifer which lies about 152 meters below land 
surface.  Water also flows off the lava and into drainages during snowmelt and precipitation events.  
Additionally, some water is held in small pockets in sandstone features or as ice or melted water in the ice 
caves.  External to ELMA in the National Conservation Area, the geology is dominantly sandstone, 
resulting in infiltration through these sedimentary layers. 
 
Significant Water Resources 
Surface water is scarce within ELMA.  Hydrography maps from the National Hydrography Dataset (NHD; 
1:24,000 scale) show 40 intermittent lakes or ponds and 1 perennial lake or pond within the monument 
and the surrounding El Malpais National Conservation Area.  All of these are all quite small in size, the 
largest having an area of about 2.7 hectares.  Areas of higher topography within and outside ELMA 
supply runoff from snowmelt or rain to the edges of the lava flows where ponding occurs.  According to 
the NHD data, very short lengths of six intermittent drainages and Agua Fria Creek occur just within the 
boundaries of the Monument.  A few of these intermittent drainages, including Agua Fria Creek, have 
been known to flow for several weeks.  There are no springs or seeps identified except within the ice 
caves.  Local wildlife relies on water pockets and shallow pools associated with ice caves during the dry 
summer months. 
 
Agua Fria Creek has been slated for restoration because earthen dams, ditches, ponds and diversion 
structures have impeded natural hydrologic functions and ecologic conditions in the creek for years.  
Flooding events have also posed a problem for park management.  The environmental assessment of the 
restoration project describes Agua Fria Creek in detail (Kunkle et al. 2002). 
 
A number of earthen stock tanks are present throughout ELMA.  Livestock used these until grazing 
ceased several years ago.  One ephemeral riparian/wetland area is associated with an earthen tank, the 
Laguna Juan Garcia pond, which occupies about 0.1 ha in the northwestern corner of the Monument.  
There is also a perennial reservoir located at the end of a 40-acre meadow near the visitor’s center.  The 
ponded area is about 0.05 ha in size.   
 
Several wells have been drilled within ELMA (Fleming and Morrison 1987), but their current status is 
unknown. Two wells of particular interest include one near the sandstone bluffs in the east-central portion 
of the park near Highway 117, and an artesian well located near the southern end of the Monument.   
 
At ELMA the regional San Andres-Glorieta aquifer lies about 152 meters below land surface and the main 
water-bearing units are consolidated sedimentary rocks.  The ELMA water supply well is located near the 
visitor center and is approximately 107 meters deep. The water quality of this well is monitored, meeting 
State of New Mexico public health requirements. 
 
ELMA maintains two weather stations, collecting precipitation and temperature data.  One is a remote 
station with data downloaded during the summer, providing information relating to fire hazard conditions. 
 
Summary of key values associated with water quality and aquatic ecosystems: 

• Wildlife water sources on the surface and inside caves 
 

El Malpais National Monument Natural Resource Waters 
Cave waters Perennial 
Agua Fria Creek Quasi-intermittent 
Tinajas, ponds, potholes Ephemeral 

 
 
Management and Scientific Issues 
The most significant water resource management issue at ELMA is the difficulty in obtaining data on 
changes in the unique hydrologic systems at the park.  Development of simple monitoring methods 
appropriate for use by volunteers is a priority.  Potential threats to water resources from within and 
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outside the park exist related to surface water diversion and groundwater pumping.  Nearby private 
homes have wells and septic systems that could affect local aquifers.  Additionally, a nearby gravel pit 
operation uses groundwater for its water needs. 
 
Land uses including recreation and livestock grazing have resulted in downcutting in some intermittent 
drainages at ELMA, yet this is considered to be a relatively minor problem. NPS has recently enforced 
road closures, minimizing future erosion from motor vehicle traffic.  Adequate staffing is not available to 
prevent trespass cattle and other prohibited activities.   
 
Few data are available for most of ELMA’s natural resources. Inventory of hydrologic and biologic status 
of the Laguna Juan Garcia, Agua Fria Creek, and selected wells are important goals for NPS.  The nature 
of the hydraulic connection between surface flow in intermittent streams and ice in caves is not well 
understood (Kunkle et al. 2002). 
 
There are no 303(d) or ONRW designated waters within ELMA. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Exotic plant and animal invasion 
• Runoff and sedimentation from roads and parking areas to Agua Fria Creek 
• Presence of dams, dikes and tanks that impact natural hydrologic function of Agua Fria Creek 
• Flood potential of Agua Fria Creek under natural conditions 
• Groundwater extraction and surface water diversion outside the park 
• Drought  
• Climate change 

 
Past and Current Inventory and Monitoring 
ELMA does not currently have a water quality-monitoring program.  The Byrd Polar Research Station 
conducted research estimating ages of ice found in the lava tube caves in relation to global climate 
change. Landscape effects of the cessation of grazing, and visitor impacts have been photographically 
documented.  A volunteer group, the Sandia Grotto Cavers, maintains an inventory and monitoring 
program within the caves. 
 
The ELMA airshed is currently monitored by the State of New Mexico for potential air impacts due to an 
electrical generating station near Farmington, New Mexico. 
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. The NPS water 
supply well near the ELMA Visitor is included in this inventory. 
 
Literature Review and Bibliography 
Roybal et al. (1984) described the hydrology of an area that included ELMA for the purpose of aiding coal 
leasing decisions.  Fleming and Morrison (1987) described the availability of groundwater from various 
geologic layers and inferred that the basalt and alluvium yielded supplies adequate for livestock and 
domestic use.  Limited quantities were found to be available from the Chinle Formation and the Zuni and 
Dakota sandstones.  The San Andres-Glorieta Aquifer was reported to support the greatest yield of 
groundwater. 
 
Northrup et al. (1993, 1994) evaluated baseline conditions of two caves prior to the initiation of prescribed 
burns.  Water chemistry was monitored and invertebrates were assessed.  Waters in the caves are 
slightly acidic, in the range of 5 to 6 pH.  Welbourn and Northrup (1996) conducted a biological inventory 
of six lava tubes at ELMA. 
 
A water quality inventory and monitoring report (NPS 2000) summarized water quality within and near 
ELMA.  Exceedances were noted for several parameters and the report mentions the possibility of 
impacts to water quality from industrial and municipal wastewater discharges, livestock grazing, quarrying 
and mining operations, stormwater runoff, recreational use and atmospheric deposition.  Few water 
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quality data from this report are from sites within ELMA and instead are from sites in the Cebolla 
Wilderness.  
 
An environmental assessment was completed to evaluate alternatives for restoring flows in Agua Fria 
Creek (Kunkle et al. 2002).  The Forest Service, New Mexico Department of Transportation, the Natural 
Resource Conservation Service, the BLM and the NPS Water Resources Division are all cooperating to 
bring the project to fruition. 
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El Morro National Monument 
Hydrogeologic Setting and Significant Water Resources 
The predominant geologic feature at El Morro National Monument (ELMO) is the sandstone cuesta that 
stands greater than 61 meters above the surrounding terrain.  The cuesta is formed of Zuni sandstone 
capped with Dakota sandstone. The face of the cuesta forms a box canyon. 
 
The El Morro Historic Pool, a 200,000 gallon, 3-3.5 meter deep pool at the east base of the cuesta, is the 
only perennial surface water source in ELMO.  The pool is recharged by a combination of local runoff 
from the cliff face and groundwater that discharges though fractures in the sandstone bedrock (Martin 
2002).  There have been at least seven tinajas identified and mapped on top of the cuesta.  Some of 
these appear to have been deepened or expanded by the Puebloans. In addition to these sources of 
standing water, there are several ephemeral drainages within the Monument, totaling about 3.7 
kilometers in length. 
 
The pool has special significance to the Zuni as this location plays a part in their creation story.  The Zuni 
used these waters, as did early explorers, immigrants and settlers.  Current visitors appreciate the 
perennial water feature of the park.  In addition, the pool provides water and habitat for local wildlife, and 
supports several species of wetland plants including cattails (Typha spp.), sedges (Carex spp.), and 
rushes (Juncus spp.). 
 
A 61-meter well near the northwest corner of ELMO provides potable water for use by staff and visitors.  
The water table is typically at 24 meters below land surface (Facility Manager, ELMO, pers. comm., 
7/10/03). 
 
Summary of key values associated with water quality and aquatic ecosystems: 

• The pool is a focal point for visitors 
• Water source for wildlife and vegetation 
• Special significance of historic pool to Zuni peoples 
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El Morro National Monument Natural Resource Waters 

Historic Pool Perennial 
Tinajas and potholes Ephemeral 
Unnamed streams Ephemeral 

 
Management and Scientific Issues 
The highest profile water-related management issue at ELMO is the deterioration of pre-historic and 
historic inscriptions on the cuesta.  The contribution of water to the observed spalling and surface 
weathering of the inscriptions has been investigated and reported previously (Austin 1992, Cross 1996, 
Pranger 2001) and is the subject of a funded research project to further investigate erosion at the rock 
outcrop.  A recent trip report (Martin 2002) reiterates that groundwater has little effect on the demise of 
the inscriptions except within the immediate vicinity of the pond where capillary action may cause 
spalling.  The recommendation of that report to remove fine-grained sediments at the base of the rock to 
minimize or eliminate capillary movement of water into the base of the rock has been deemed impractical 
due to the cultural sensitivity of the area to native peoples including Zuni, Acoma, Laguna and Navajo.  
Compliance requirements associated with such an activity would be complex and wide-ranging. 
 
Water resource issues related to the Historic Pool and other ephemeral waters in the park include 
potential reduction of water availability as a result of local land uses, particularly if residential 
development pressures intensify.  A gravel pit near the park also poses a minor concern for the park’s 
water resources at this time.  Impacts to water quality are considered to be relatively small, consisting 
primarily of vehicular traffic (private and commercial vehicles) passing within a few hundred yards of the 
cuesta. Stormwater runoff may carry high levels of sediment that can reduce habitat quality for 
macroinvertebrates in ephemeral drainages. 
 
There are no 303(d) or ONRW listed waters within the park. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Visitor impacts 
• Increased sediment due to stormwater runoff 
• Exotic species 
• Climate trends and extreme events 
• Local land use and development 

 
Literature Review and Past and Current Inventory and Monitoring 
There is no ongoing water quality or quantity-monitoring program at ELMO.  However, ELMO staff 
cooperates with other agencies and landowners on inventory, monitoring, research, and restoration 
projects through SCPN, USGS (Colorado Plateau Field Station and Arid Lands Research Station), 
Northern Arizona University, and the University of New Mexico’s Museum of Southwestern Biology. 
 
The most extensive documentation of water resources at ELMO is a series of photographs showing the 
Historic Pool.  Wildlife use of the Historic Pool is consistently monitored.  A water quality inventory and 
analysis (NPS 1998) included data collected between 1968 and 1996. Twelve sites within the park have 
been monitored for water quality, yet observations may have occurred only once within that time frame.  
The analyses indicate that pH and some metals have at times exceeded EPA standards for freshwater 
aquatic life and drinking water.  Rothrock and Hawkins (1939), Maxwell (1940a, b), Austin (1992), Cross 
(1996), Sayre (1997), Pranger (2001), and Martin (2002) conducted studies or site reviews pertaining to 
ELMO’s hydrogeology and water chemistry. 
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. The Historic 
Pool and the NPS water supply well at ELMO are included in this inventory. 
 
ELMO completed its most recent Resource Management Plan in 1999 (El Morro National Monument 
1999).  The document does not clearly indicate issues related to water resources, but identifies the 
Historic Pool and ephemeral waters as important features.  
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Glen Canyon National Recreation Area1 
Hydrogeologic Setting 
Glen Canyon National Recreation Area (GLCA) extends from the Green River in southern Utah 
downstream to Lees Ferry in Arizona.  The most visible water feature of this park unit is Lake Powell, 
formed as a result of damming the Colorado River in 1963.  The reservoir did not completely fill until 
1980.  The drainage basin above Glen Canyon Dam encompasses 289,303 square kilometers (USGS 
1984).   
 
The Colorado, San Juan, Dirty Devil and Paria rivers and other perennial streams, ephemeral drainages, 
springs and seeps drain the highly dissected Colorado Plateau and various geological strata to contribute 
                                                      
1 The management issue discussion is from materials prepared by J. Spence, GLCA. 
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to the waters of Lake Powell and the encompassing Glen Canyon National Recreation Area.  The area 
includes a broad upwarped surface that is transected by the Waterpocket Fold and the Echo Monocline.  
A maze of deep canyons with nearly vertical walls is characteristic of lands surrounding Lake Powell.  
These walls reveal rock strata that range in age from Pennsylvanian to Cretaceous.  Pennsylvanian and 
Permian rocks are exposed in the Cataract and San Juan canyons.  Cretaceous rocks are present in the 
eastern part of the Kaiparowits Plateau, between Rock Creek Canyon and Navajo Point (USGS 1975).   
 
The Cedar Mesa Sandstone (Permian), the Chinle Shale (Triassic), the Navajo Sandstone (Jurassic), and 
the Kayentaand Summerville Formations (Jurassic) all serve as aquifers for springs within the park unit 
(Spence 2002).  The main aquifers are the Navajo, Wingate, and Coconino sandstones, and the Saltwash 
member of the Morrison Formation (NPS 1987). Aquifer recharge from rainfall and snowmelt infiltrates 
then moves vertically until it reaches the regional water table or perches above a low permeability layer.  
Recharge of the aquifer is much less than annual precipitation and is estimated to be around a few 
hundred acre-feet per year in excess of what is absorbed by the banks of Lake Powell.  Evaporation rates 
from Lake Powell can equal 500,000 acre-feet per year.  Bank storage is estimated to be 10-13 million 
acre-feet (NPS 1987; U. S. Bureau of Reclamation, Salt Lake City 1987).  
 
Significant Water Resources 
The Colorado River flows for about 42 kilometers before it begins to widen into Lake Powell behind Glen 
Canyon Dam.  The U. S. Bureau of Reclamation (BOR) manages Glen Canyon Dam.  As water levels 
change, the surface area of Lake Powell varies from 21,000 hectares to 66,000 hectares and the 
shoreline fluctuates from 1,590 kilometers to 3,150 kilometers in length (GLCA, no date).  Because water-
quality monitoring in Lake Powell is the focus of several ongoing programs associated with recreational 
use, inventory and monitoring of natural resource waters at Glen Canyon by the SCPN will focus on 
streams, springs, and seeps. 
 
The major perennial rivers that flow into Lake Powell are the Dirty Devil, the Escalante, and the San Juan.  
The Paria River flows into the Colorado River below the dam.  In addition to the numerous streams, 
canyons and washes, approximately 60 springs have been mapped within the boundaries of the 
recreation area, and about 125 more are slated to be mapped.  Well over 600 springs may occur within 
the boundaries of the recreation area.  Thousands of ephemeral seeps are believed to be present and 
hanging gardens are numerous.   An estimated 5000 tinajas and waterpockets also occur in the 
recreation area. 
 
The water resources at GLCA support lake, riparian, wetland, and spring and seep habitats, and 
associated fauna.  These habitats are important to wildlife as a forage resource and are scarce in the 
typically arid landscape of the Colorado Plateau.  Although exotic trees, shrubs, and grasses have 
invaded much of the reservoir shoreline, pockets of native riparian species persist along the riverbanks of 
canyons.  These wooded riparian areas support a greater density, abundance, and species richness of 
songbirds relative to other lowland arid habitats at GLCA.  In addition, wetlands associated with nine 
perennial tributaries and springs along Lake Powell contain more diversity and native species than 
riparian habitats along the lake shoreline (NPS 1995; Waring 1992).  Small native wetland communities 
composed of annuals more characteristic of drier soils are located along springs that drain into many of 
the more protected coves and side canyons (Waring 1992).  Hanging gardens are associated with 
alcoves along canyon walls of the river drainages where groundwater seeps and drips from rock walls 
through cracks, providing a dependable water supply.  These seeps support unique relict plant 
communities that are adapted to cool, wet conditions.  Amphibian species are restricted to the protected 
and perennially wet or moist environments such as springs and perennial streams that occur in the upper 
reaches of tributary canyons.  The perennial tributary rivers flowing into Lake Powell represent examples 
of the river systems and aquatic environments that existed prior to impoundment of the Colorado River.  
These areas are of particular scientific and resource preservation value because of their general scarcity 
and because they preserve populations and community relationships of previous riverine ecosystem 
conditions.  Relict native fish species still survive within the major rivers in limited numbers.   
 
The recreation area obtains drinking water from wells at Bullfrog, Wahweap and Dangling Rope marinas. 
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Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Recreation 
• Lake, wetlands and riparian habitat 
• Springs and hanging gardens including endemic and relict species 
• Water source for wildlife 
• Escalante River is intact example of riparian ecosystem 

 
 

Glen Canyon National Recreational Area Natural Resource Waters 

Name # Reaches Intermittent 
length (km) 

Perennial 
length 
(km) 

Total 
length 
(km) 

Streams     
Antelope Creek 2 1.6  1.6 
Aztec Creek 1  0.9 0.9 
Bullfrog Creek 1  4.5 4.5 
Castle Creek 3 5.4  5.4 
Colorado River 33  41.6 41.6 
Coyote Gulch* 8 4.5 19.3 23.8 
Crescent Creek 2 1.5 3.7 5.2 
Croton Canyon 1 4.1  4.1 
Dark Canyon* 3 3.4 0.7 4.2 
Dirty Devil River 6  36.1 36.1 
Desha Creek 1  0.1 0.3 
Dry Rock Creek 3 8.3  8.3 
Escalante River 38  81.5 81.5 
Fall Creek 1 0.1  0.3 
Fiddler Cove Canyon 2 4.6  4.6 
Forgotten Canyon*     
Fortymile Creek 5 5.4 5.3 10.7 
French Spring Fork 2 1.0  1.0 
Grand Gulch 2 5.2  5.2 
Gypsum Canyon 3 5.6  5.6 
Hall’s Creek* 4  9.1 9.1 
Hansen Creek 1  2.2 2.2 
Harris Wash* 4  11.8 11.8 
Hatch Canyon 4 5.0  5.0 
Last Chance Creek* 1 8.7  8.7 
Lake Canyon*     
Llewellyn Gulch*     
Lower Fence Canyon*     
Millers Creek 2  4.9 4.9 
Moki Tank 1  4.7 4.7 
Moody Creek 3 15.7  15.7 
Moqui Canyon*     
North Fork Silver Falls Creek 1 1.6  1.6 
Paria River     
Rainbow Bridge Canyon*     
San Juan River 22  40.7 40.7 
Sei Billikoon 1 1.4  1.4 
Silver Falls Creek 2 11.0  11.0 
Smith Fork 1 3.0  3.0 
South Fork Cow Canyon*     
South Fork Happy Canyon 3 8.8  8.8 
South Fork Swett Creek 2 6.0  6.0 
Steer Gulch 2 5.1  5.1 
Stevens Canyon 4 26.3  26.3 
Trachyte Creek* 3 2.7  2.7 
Twentyfive Mile Wash 1 8.6  8.6 
Wahweap Creek* 3 4.6  4.6 
Warm Creek 3 5.8  5.8 
Warm Springs Creek 1 2.0  2.0 
West Fork of Bowns Canyon*     
White Canyon Creek 3 6.1  6.1 
Wilson Creek* 1  2.4 2.4 
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Glen Canyon National Recreational Area Natural Resource Waters 

Name # Reaches Intermittent 
length (km) 

Perennial 
length 
(km) 

Total 
length 
(km) 

Other streams and unnamed reaches 438   1,332.8 
Lakes     

Lake Powell     
Springs, Seeps and Hanging Gardens1     

GLCA 0197: San Juan Arm hanging garden     
GLCA 0297: Ribbon Canyon Granddaddy Garden     
GLCA 0397, 0497 and 0797: one of the three 
Escalante Arm springs     

GLCA 1397: Wall Spring in Ticaboo Canyon     
GLCA 1797: Good Hope Bay spring     
GLCA 0398: Easter Pasture Canyon     
Sumac Hanging Garden     
GLCA 0697: Bowns Canyon garden     
GLCA 0997: Cow Canyon garden     
GLCA 1097: Cave Pool garden in Cow Canyon     
GLCA 1197: Rana Canyon garden     
GLCA 2297: Cottonwood Canyon garden     
Cow Canyon     
Iceberg Canyon     
Lower Fence Canyon     
Explorer Canyon     
Other springs, seeps and hanging gardens2     
Tinajas and waterpockets (est. 5000)     

1-identification of springs, seeps and hanging gardens are from Spence, J. (2003) Surveys of 
springs in the Colorado River drainage in Arches National Park, Canyonlands National Park, Glen 
Canyon National Recreation Area and Grand Canyon National Park.  Glen Canyon National 
Recreation Area, National Park Service. 
2-other springs, seeps and hanging gardens are present but were not documented in Spence, J. 
(2003), and named references were unavailable. 
* - Streams of interest as identified by park staff 

 
Management and Scientific Issues 
Park Service staff at GLCA has identified several resource management concerns associated with water 
quality and quantity including, 1) livestock grazing, 2) personal watercraft use, 3) human waste and trash, 
4) exotic species, and 5) contaminants in the sediments deposited at the mouths tributaries. 
 
GLCA includes all or part of 35 grazing allotments encompassing approximately 370,287 ha.  Lands 
within GLCA were first used for livestock grazing 100 years prior to the establishment of the recreation 
area.  Unrestricted grazing has continued up to the present time as a use recognized by Congress in the 
1972 enabling legislation.  Although little research has been done on grazing in riparian zones on the 
Colorado Plateau, Barth and McCullough (1988) documented severe impacts in Capitol Reef National 
Park, including trampling and collapse of streambanks, erosion, declines in native species, elimination of 
seedlings, and increases in undesirable species.  Livestock grazing, both within the National Recreation 
Area and on lands upstream within the watershed, impairs the quality of water resources through the 
introduction of organic wastes and increased sediment loads resulting from the degradation of stream 
banks.  Springs on the Kaiparowits Plateau have been severely damaged by livestock, in some cases 
with a near total elimination of riparian vegetation.  Since cattle often concentrate in riparian zones 
because of water and shade, damage can be locally severe.  The principal problems include collapse of 
streambanks, reduction of vegetation cover, and reduction in water quality.  With the loss of banks and 
vegetation cover, floods can become more destructive, further damaging the riparian zone.  Although 
riparian zones are often heavily utilized, the most severe damage in these zones is often on adjacent 
benches where forage is available.  In addition to impact by livestock, off-road vehicle (ORV) use in side 
canyons and along washes contributes to increasing erosion and ecosystem deterioration.   
 
In addition to a limited number of natural oil seeps, water and/or air quality at GLCA are impacted by 
watercraft on Lake Powell, internal and external land management practices, sedimentation, and 
commercial uses of neighboring lands.  Personal watercraft engines (especially the widely-used, 
carburated, 2-cycle engines) discharge up to 30% of their gasoline and oil as uncombusted constituents 
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into surface waters during operation (California Environmental Protection Agency, Air Resources Board 
1999).  Visible evidence of pollution can be seen near fueling stations and launch sites.  Chemical 
constituents of petroleum products are of particular concern because of their potential to degrade water 
quality below acceptable levels for aquatic organisms, irrigation, livestock watering, drinking water, and 
recreational uses.  Other pollutants such as human waste and trash are introduced directly to the lake 
during recreational activities.  Human waste is a significant threat to recreation area resources because it 
is a source of pathogenic bacteria and nutrients in the water.   
 
Currently 60 exotic plant species are known to occur or have occurred historically at GLCA over an 
estimated 121,406 hectares.  Of these, 15 are species of serious concern, and five of those may be 
uncontrollable due to their abundance or the difficulty of control (limited, priority, isolated populations will 
still be controlled).  During periods of prolonged low water, fast-growing annual and perennial exotic 
species may invade exposed shoreline areas, temporarily increasing in number and extent, and later 
disappear when reservoir water levels rise during the next filling or water storage period.  Aggressive and 
fast-growing exotic species are tolerant of environmental disturbance and can typically recover from 
disturbance within one or two growing seasons.  The potential for water extraction by invasives to reduce 
flow in springs and seeps is a concern.  Saltcedar (Tamarix ramosissima) is one of the most common of 
these aggressive shrub species that forms bands along the shoreline of Lake Powell.  These bands range 
in density from thickets to isolated individual plants.  The exotic Najas marina is abundant, and spreading 
rapidly throughout the reservoir.  Other exotic species associated with water resources include Ravenna 
grass (Saccharum ravennae), Russian olive, and camelthorn (Alhagi pseudalhagi).   
 
Exotic fauna also present a serious threat to GLCA’s water resources.  The New Zealand snail 
(Potamopyrgus antipodarum) inhabits the Colorado River below Glen Canyon Dam. Sport fish (striped 
bass, smallmouth bass, largemouth bass, catfish, crappie, and bluegills) ply the reservoir waters and 
pose a dilemma with regards to recovery of endangered native fish species above and below the dam.  
These fish compete for resources and prey on endangered fish species.  Crayfish consume aquatic 
invertebrates inhabiting tributaries streams. 
 
As tributary rivers enter the reservoir, the energy needed to carry sediment is lost, causing the sediment 
load carried by the streams to be deposited.  As much as 98 percent of the sediment load is dropped 
within 40 kilometers of the river mouth.  Only very fine clay particles are found near the dam.  An essential 
nutrient, phosphorus, adheres to soil particles and is deposited with sediments in the upstream portions of 
the reservoir (Grand Canyon Monitoring and Research Center, Hueftle, pers. comm., April 2002).  The 
areas of the lake with the highest biological productivities are located close to tributary inflows. 
 
Aside from high biological productivity, these areas may accumulate sediments that store contaminants.  
The USGS/WRD is currently studying the sediment chemistry of the Colorado River delta 
(http:/az.water.usgs.gov/projects/az180.html). 
 
Other management issues include: 1) the potential introduction of zebra mussels (Dreissena 
polymorpha); 2) sedimentation and pollution from upstream ore processing mills; 3) metals from mine 
tailings; 4) development in upriver watersheds; 5) impacts of long-term drought; and 6) impact of global 
climate change.  Specific contaminant concerns are hydrocarbons, lead, arsenic, mercury, selenium, and 
perhaps PCBs.  These relate to use of personal watercraft, atmospheric deposition from coal-fired power 
plants, and natural background levels. 
 
The Paria River from the Utah border to the Colorado River is included on the Arizona 303(d) list of 
impaired waters due to suspended sediments and turbidity (Table C1), and the state of Utah has listed 
the Paria River from the Arizona-Utah border to the Cottonwood Creek confluence as impaired due to 
high levels of salinity, TDS, and chlorides (Utah Department of Environmental Quality 2004).  In addition, 
due to incomplete water quality information, both Lake Powell and the Colorado River from Lake Powell 
to the Paria River appear on the state of Arizona’s planning list. 
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Summary of threats/concerns related to water quality and aquatic ecosystems: 
• Impacts related to recreational use of Lake Powell 
• Off-road vehicles 
• Road construction 
• Resource extraction and processing upstream 
• Invasion of exotic plant and animal species 
• Livestock grazing impacts 
• Past and present grazing in the park and on adjacent lands 
• Wildland fire potential and related impacts 
• Sedimentation 
• Potential for mobilization of contaminants accumulated in sediments due to low lake levels 
• Influence of changing lake levels on tributary mouths 
• Climate trends and extreme events 
• 303(d) listing of Paria River for suspended sediments and turbidity 

 
Past and Current Inventory and Monitoring 
The aquatic ecologist at (GLCA) manages the Beach Monitoring Program, designed to protect public 
health and determine compliance with state and federal water quality standards on Lake Powell.  Since 
1988, GLCA staff have regularly collected and analyzed water samples from beach and other locations 
during the peak visitation season (Memorial Day – Labor Day) for bacteria.  Each year the program has 
expanded, gaining emphasis and expertise (Anderson 2002). 
 
The Grand Canyon Monitoring and Research Center (GCMRC) monitors the effects of Glen Canyon Dam 
operations on hydrologic, biologic, and other resources along the Colorado River from Lake Powell to 
Lake Mead.  As part of this effort, GCMRC monitors water quality at 35 locations along the main stem of 
Lake Powell quarterly, and at the forebay and below the dam monthly. The endangered fish recovery 
program continues throughout the Colorado River watershed. The US Fish and Wildlife Service monitor 
inflows from the San Juan River.  Aquatic invertebrate surveys are periodically conducted at Stevens and 
Bowns canyons by Glen Canyon’s aquatic ecologist.  The USGS and NPS (Mueller et al. 1999) 
conducted an inventory of invertebrates on the Escalante River.  Other USGS/WRD research consists of 
evaluating visitation and recreational use on water quality in side canyons of Lake Powell (Hart et al. 
2005).  The distribution and concentrations of hydrocarbons in the waters of Lake Powell are being 
evaluated by the EPA, NPS, the State of Utah, and the USGS/WRD (M. Anderson, GLCA, pers. comm., 
7/24/03). 
 
There are several USGS/WRD streamflow gages on tributaries to Lake Powell and on the Colorado River 
downstream of the dam.  The USGS/WRD monitors flow and water quality at the gage at Lee’s Ferry 
(USGS 09380000).  Other currently monitored tributaries are the Escalante River (09337500), Dirty Devil 
River (09333500), Paria River (09382000) and San Juan River (09379500).  Other stream gages within 
and near the park identified by GLCA staff includes the following: 09334000, 09333500, 09338000, 
09334500, 09379900, 09381999 and 09333000. 
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. Seven surface 
water sites at GLCA are included in this inventory. 
 
Literature Review 
Glen Canyon’s Resource Management Plan (GLCA 1995) identifies maintenance of high water quality 
and general protection of its aquatic resources as goals.  To that end, several inventory and monitoring 
efforts (listed above) have occurred or continue.  A water resources management plan was developed for 
the park unit (NPS 1987).  The plan presents issues and project statements similar to those occurring 
presently. 
 
Cooley (1965) conducted some of the seminal work on springs in the Glen Canyon Region.  This work 
has been followed by Spence (1995, 1996, 1997, 2002) and Spence and Zimmerman (1996) who 
conducted a number of seep, spring, hanging garden and riparian studies. 
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Some of the earliest work at the recreation area was funded by the National Science Foundation and 
resulted in the study of mercury in the Lake Powell ecosystem.  Some fish showed mercury levels 
exceeding standards of the time (Standiford et al. 1973).  Mercury contamination in fish from the reservoir 
remains a concern.  Other studies regarding water quality include Merritt and Johnson (1978) studying 
reservoir currents, Kidd and Potter (1978) reviewing metallic cations in the reservoir, Lively-Schall and 
Foust (1988) analyzing the surface water of Glen Canyon, the NPS (1994) inventory and data analysis, 
Barry and Long (1995) analyzing water quality data, and Taylor et al. (1997) measuring water quality of 
spring and seeps in GLCA.  NPS (1994) identifies exceedances of EPA criteria for metals, nutrients, pH, 
and DO.  The EIS for Personal Watercraft (GLCA, no date) presents an abundant amount of information 
on water quality and water resources. 
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Grand Canyon National Park 
Hydrogeologic Setting 
Grand Canyon National Park (GRCA) is one of the largest single protected areas (493,050 ha) within the 
Colorado Plateau.  The canyon encompasses one of North America’s largest rivers, the Colorado River, 
which flows approximately 445 kilometers through the park.  The river has carved an abyss through 
thousands of feet of rock strata that represent over one hundred million years of geologic history (Baars 
1983) and Precambrian rocks close to two-billion years old are exposed at the canyon bottom.  Flowing 
into the Colorado River are approximately 181 kilometers of perennial streams.  They flow from the 
Kaibab and Kanab plateaus, which comprise the North  
Rim of the Canyon, and the Coconino Plateau, which forms the South Rim.  The Shivwits and Unikaret 
plateaus compose the western portion of the park and also give rise to tributaries. 
 
Most of the water flowing in the Colorado River through the Grand Canyon originates in the high mountain 
areas that rim the Upper Colorado drainage basin.  Flow in the Colorado River at Lees Ferry, Arizona, 
just upstream of GRCA, ranges from approximately 5.6 to 24.0 million acre-feet per year.  Ten-year 
averages have ranged from 11.6 to 18.8 million acre-feet.  This variability is significant in modern 
Colorado River management.  A 25-year period (1906-1930) of predominantly above-average runoff was 
used to allocate water in the Colorado River to seven western states and Mexico (the 1922 Colorado 
River Compact and 1944 Mexican Water Treaty, respectively).  The following 40 years (1931-1970) had 
predominantly below-average runoff.  Current allocation accounts for nearly complete use of the Colorado 
River’s flow.  Springs and tributaries entering the Colorado in GRCA contribute about 0.5 million acre-feet 
of water to the Colorado River annually (information from SCPN summaries 2003). 
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The Colorado River moves a tremendous amount of sediment. However, sediment transport through the 
river system has been interrupted by numerous dams, including Glen Canyon Dam just upstream from 
GRCA. Glen Canyon Dam has dramatically altered peak flow magnitudes and patterns as well as the 
physical and chemical characteristics of the Colorado River in the Grand Canyon.  The largest observed 
flood on the Colorado occurred in July 1884 with a flow of 8,496 cubic meters per second (cms).  The 
largest flood event in the Grand Canyon since the construction of Glen Canyon Dam occurred in 1983 
with a flow of 2,605 cms (Grand Canyon National Park 1984). 
 
Major tributaries entering the Colorado River in GRCA from the south are the Little Colorado River and 
Havasu Creek.  These tributaries both drain large watersheds on the Coconino Plateau.  The Little 
Colorado River contributes significant amounts of sediment and salt to the Colorado River, a reflection of 
the geology and landscape through which it flows.  Many minor tributaries including Bright Angel Creek 
and Kanab Creek flow into the Colorado River from the north.  The plateaus surrounding the park are 
largely lacking perennial streams.  Due to the predominantly limestone geology infiltration rates of rain 
and snowmelt are rapid. Additionally, evapotranspiration rates are extremely high in the arid southern 
Colorado Plateau region (GRCA 1984).  
 
In the Grand Canyon region, groundwater moves down hydraulic gradients along interconnected rock 
fractures and through solution cavities.  Major fractures occurring along faults govern locations of the 
larger springs.  The park’s Water Resources Management Plan (GRCA 1984) recognizes springs 
emanating from Coconino Sandstone, Hermit Shale, the Supai Formation, Redwall Limestone, Muav 
Limestone, and Tapeats Sandstone.  Frequently, the Bright Angel Shale forms an impermeable barrier to 
downward movement of water, causing numerous springs to occur in the overlying Muav Limestone. 
 
The water quality of springs emanating from exposed cliff walls in the Grand Canyon is strongly 
influenced by the type of rock that the water contacts along groundwater flow paths and by the length of 
residence time of the water.  Due to slower groundwater movement and longer residence times, springs 
located along the south rim are typically characterized by slightly higher levels of total dissolved solids 
than springs along the north rim. The large volume springs on the north rim typically emanate from the 
Redwall Limestone through solution cavities.   
 
Significant Water Resources 
Water resources within GRCA are substantial.  In addition to 445 kilometers of the Colorado River, 181 
kilometers of streams with perennial flows occur in the park.  Intermittent and perennial tributaries number 
greater than 200 and provide habitat for a large number of species.  The current assemblage of riparian 
habitats along the Colorado River corridor has developed since 1963 in response to controlled releases 
from Glen Canyon Dam.  Patchy distribution of riparian habitat along the main Colorado River channel 
and tributaries supports riparian-dependent wildlife.  Most animal species that inhabit the inner canyon 
depend on riparian areas directly or indirectly for food and cover during at least part of their life cycles.  
The densities of some lizards and birds along the river have been found to be the highest recorded 
anywhere in the park.  The river also supports habitat for the endangered humpback chub and razorback 
sucker. 
 
Numerous lakes, potholes, and cienegas occur within the park.  Springs and seeps, numbering in the 
hundreds, provide localized pockets of moisture essential to the survival of native plants and wildlife 
(including the endangered Kanab ambersnail [Oxyloma kanabense]).  Along the South Rim, small springs 
or seeps may be found in almost every side canyon, while most side canyons on the North Rim have 
springs with higher flow rates.  Many of these are perennial, providing reliable water sources for 
recreationists and wildlife.   
 
Potable water for South Rim park facilities is obtained from Roaring Springs in Bright Angel Canyon on 
the North Rim.  It is piped by gravity across the Colorado River to Indian Gardens and from there is 
pumped to the South Rim.   
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Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Recreation 
• Riparian, aquatic, and wetland habitat 
• Cold water fisheries 
• Springs and hanging gardens 
• Water supply for wildlife 

 
Grand Canyon National Park Natural Resource Waters 

Name 
No. intermittent 

reaches 
Intermittent 
length (km) 

No. perennial 
reaches 

Perennial 
length (km) 

Total length 
(km) 

Streams      
Unnamed Reaches 1188 2584.5 11 14.0 2598.5 
Albers Wash 7 3.9     3.9 
Asbestos Canyon 1 6.0     6.0 
Awatubi Canyon 1 4.5     4.5 
Badger Canyon     2 2.5 2.5 
Basalt Creek 1 8.4     8.4 
Bass Canyon 1 5.7     5.7 
Beaver Canyon 1 0.1     0.1 
Bedrock Canyon 1 3.5     3.5 
Blacktail Valley* 3 7.5     7.5 
Bonita Creek 1 5.2     5.2 
Boucher Creek* 2 7.0     7.0 
Boulder Creek 1 3.7     3.7 
Boulder Wash 1 2.6     2.6 
Brady Canyon 2 5.4     5.4 
Bridge Canyon 1 0.1     0.1 
Bright Angel Canyon 2 2.1 1 0.9 3.0 
Bright Angel Creek 7 14.0 8 13.8 27.8 
Bright Angel Wash 4 5.1     5.1 
Buck Farm Canyon* 1 4.6     4.6 
Burnt Canyon 12 22.6     22.6 
Burro Canyon* 2 5.4     5.4 
Carbon Creek 1 2.8     2.8 
Cardenas Canyon 1 4.5     4.5 
Castle Canyon 1 5.5     5.5 
Cathedral Wash 1 0.2     0.2 
Cave Canyon 2 8.3     8.3 
Chuar Creek* 1 6.5     6.5 
Clear Creek* 8 17.2     17.2 
Colorado River     335 422.7 422.7 
Comanche Creek 1 4.2     4.2 
Copper Canyon 1 4.1     4.1 
Cottonwood Canyon* 2 6.7     6.7 
Cottonwood Creek* 2 5.8     5.8 
Cove Canyon 4 8.2     8.2 
Cremation Creek 3 5.4     5.4 
Crystal Creek 5 19.2 3 7.4 26.7 
Cunninghams Canyon 1 2.6     2.6 
Deer Creek* 4 11.7     11.7 
Deer Tank Wash 1 3.9     3.9 
Diamond Creek* 1 0.1     0.1 
Dragon Creek 3 13.3     13.3 
Dry Canyon 6 16.1     16.1 
Dutton Canyon 1 5.2     5.2 
East Fork Carbon Creek 1 3.3     3.3 
Escalante Creek 1 4.2     4.2 
Espejo Creek 1 2.4     2.4 
Fall Canyon 2 7.3     7.3 
Fishtail Canyon 5 6.2     6.2 
Flint Creek 5 8.4     8.4 
Forster Canyon* 1 2.5     2.5 
Fossil Canyon* 9 8.8     8.8 



Southern Colorado Plateau Network Phase Three – Appendix C – SCPN Water Resources 

- C66 - 

Grand Canyon National Park Natural Resource Waters 

Name 
No. intermittent 

reaches 
Intermittent 
length (km) 

No. perennial 
reaches 

Perennial 
length (km) 

Total length 
(km) 

Fuller Canyon 1 8.1     8.1 
Galloway Canyon 3 6.6     6.6 
Garden Creek 1 5.3     5.3 
Garnet Canyon 4 9.2     9.2 
Gawain Abyss 2 5.9     5.9 
Granite Spring Canyon 1 0.1     0.1 
Grapevine Creek* 3 10.8     10.8 
Grass Canyon 2 3.4     3.4 
Hakatai Canyon 2 5.7     5.7 
Hance Canyon 1 6.1     6.1 
Hance Creek* 2 10.0     10.0 
Haunted Canyon 1 7.2     7.2 
Havasu Creek     4 5.3 5.3 
Heather Wash 1 2.4     2.4 
Hells Hollow 1 0.1     0.1 
Hermit Creek 1 4.1 1 4.9 9.0 
Horn Creek     2 3.2 3.2 
Horse Flat Canyon 1 0.2     0.2 
Horse Spring Canyon 4 7.4     7.4 
Hot Na Na Wash 1 2.8     2.8 
Hotauta Canyon 1 3.6     3.6 
Hundred and Ninety-four 
Mile Canyon 1 0.1     0.1 
Hundred and Ninety-six Mile 
Creek 1 0.2     0.2 
Hundred and Thirty-three 
Mile Creek 2 3.5     3.5 
Hundred and Twenty Mile 
Creek 4 5.9     5.9 
Hundred and Twenty-eight 
Mile Creek 1 7.1     7.1 
Hundred and Twenty-seven 
Mile Creek 1 5.6     5.6 
Hundred and Twenty-two 
Mile Creek 2 6.3     6.3 
Jackass Creek 2 2.8     2.8 
Jackson Canyon 1 0.2     0.2 
Jumpup Canyon 2 4.6     4.6 
Kanab Creek* 12 20.8     20.8 
Kwagunt Canyon* 4 13.7     13.7 
Lava Creek 5 14.1     14.1 
Leche-e Wash 1 1.3     1.3 
Lee Canyon 1 0.8     0.8 
Little Colorado River     2 4.2 4.2 
Little Nankoweap Canyon 1 6.1     6.1 
Lonetree Canyon* 1 2.4     2.4 
Long Jim Canyon 3 5.8     5.8 
Lost Creek 1 0.2     0.2 
Malgosa Canyon 1 5.6     5.6 
Manzanita Creek 2 3.7     3.7 
Matkatamiba Canyon* 14 13.2     13.2 
Merlin Abyss 2 5.0     5.0 
Milk Creek 2 11.0     11.0 
Mineral Canyon 1 4.0     4.0 
Modred Abyss 5 7.2     7.2 
Monument Creek     1 5.6 5.6 
Nankoweap Creek     9 14.5 14.5 
Natch Canyon 1 6.3     6.3 
Nautiloid Creek 1 2.1     2.1 
Ninety-four Mile Creek 2 6.0     6.0 
Ninety-one Mile Creek 1 3.9     3.9 
North Creek 3 7.7     7.7 
North Fork Robinson Wash 1 0.9     0.9 
Obi Canyon 1 6.3     6.3 
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Grand Canyon National Park Natural Resource Waters 

Name 
No. intermittent 

reaches 
Intermittent 
length (km) 

No. perennial 
reaches 

Perennial 
length (km) 

Total length 
(km) 

Olo Canyon* 8 9.3     9.3 
Outlet Canyon 4 12.9     12.9 
Palisades Creek 1 3.0     3.0 
Papago Creek 2 4.7     4.7 
Parashant Canyon 8 9.3     9.3 
Pasture Wash 2 5.2     5.2 
Phantom Canyon 1 3.6     3.6 
Phantom Creek 2 8.2 3 6.5 14.7 
Pipe Creek* 2 6.1     6.1 
Prairie Wash 1 0.7     0.7 
Price Canyon 3 6.7     6.7 
Prospect Canyon 1 0.1     0.1 
Red Canyon 1 5.8     5.8 
Redwall Canyon 1 4.0     4.0 
Rider Canyon 3 6.2     6.2 
Roaring Springs Canyon 1 7.9     7.9 
Roundy Creek 1 1.6     1.6 
Royal Arch Creek* 6 8.2     8.2 
Ruby Canyon* 1 5.9     5.9 
Saddle Canyon* 7 17.7     17.7 
Saddle Horse Canyon 3 2.1     2.1 
Saffron Valley*     1 6.8 6.8 
Salt Creek* 5 12.6     12.6 
Salt Water Wash 1 1.6     1.6 
Sapphire Canyon* 1 5.5     5.5 
Serpentine Canyon* 1 3.4     3.4 
Seventy-five Mile Creek 1 6.0     6.0 
Sheep Spring Wash 2 3.0     3.0 
Shinumo Creek 8 20.2 3 4.5 24.7 
Sinyella Canyon 1 7.4     7.4 
Sixty Mile Creek 1 6.4     6.4 
Slate Creek 1 7.1     7.1 
Soap Creek     2 4.9 4.9 
South Canyon 3 9.2     9.2 
South Fork Big Spring 
Canyon 1 4.5     4.5 
South Fork Soap Creek 1 2.4     2.4 
Specter Chasm 3 3.7     3.7 
Spencer Canyon* 1 0.2     0.2 
Spring Canyon* 5 11.0     11.0 
Stairway Canyon 1 5.2     5.2 
Stone Creek* 1 5.5     5.5 
Surprise Canyon     22 39.0 39.0 
Tanner Canyon 2 9.6     9.6 
Tanner Wash 1 6.2     6.2 
Tapeats Creek 9 11.5 5 5.6 17.1 
Tatahatso Wash 2 4.6     4.6 
Tatahoysa Wash 1 2.7     2.7 
Thompson Canyon 10 18.4     18.4 
Thunder River     1 0.8 0.8 
Tiger Wash 1 3.4     3.4 
Tincanebitts Canyon 9 15.7     15.7 
To Hajisho 1 2.2     2.2 
Transept, The 2 12.5     12.5 
Trinity Creek 3 8.8     8.8 
Tuna Creek 3 10.0     10.0 
Twenty-nine Mile Canyon 1 7.0     7.0 
Twin Creek Canyon 3 6.7     6.7 
Twin Spring Canyon 11 16.6     16.6 
Two Hundred and Fifteen 
Mile Creek 1 0.2     0.2 
Two Hundred and Five Mile 
Creek 1 0.1     0.1 
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Grand Canyon National Park Natural Resource Waters 

Name 
No. intermittent 

reaches 
Intermittent 
length (km) 

No. perennial 
reaches 

Perennial 
length (km) 

Total length 
(km) 

Two Hundred and Fourteen 
Mile Creek 1 5.6     5.6 
Two Hundred and Twenty-
two Mile Creek 1 0.2     0.2 
Unkar Creek* 4 11.7     11.7 
Vishnu Creek* 1 10.4     10.4 
Wall Creek* 1 3.1     3.1 
West Fork Carbon Creek 1 5.5     5.5 
West Fork Separation 
Canyon 2 6.9     6.9 
White Creek     7 10.6 10.6 
Whitmore Wash 2 1.6     1.6 
Zoroaster Canyon 1 4.6     4.6 

Springs, seeps and 
hanging gardens1      

GRCA 0298: Bert’s Canyon 
spring      

GRCA 0698: Hance Spring      
GRCA 0798: Elves Chasm      
GRCA 1198: RM 147R 
spring      

GRCA 1298: Matkatamiba 
Canyon spring      

GRCA 1398: Ledges spring      
GRCA 1498: Slimy Tick 
Canyon spring      

GRCA 1598: Fern Glen 
springs      

Other springs, seeps and 
hanging gardens2      

JT Spring 3      
Miners Spring 3      
O'Neil Spring3      
Cottonwood Spring3      
Grapevine East3      
Grapevine Spring3      
Boulder Spring3      
Lonetree Spring3      
Horn Spring3      
Salt Spring3      
Hermit Spring #13      
Hermit Spring #23      
Hermit Spring #33      
Hermit Spring #43      
Boucher Spring #13      
Boucher Spring #23      
Turquoise Spring3 (?)      
Olo Spring3      
Matkatamiba #13      
Matkatamiba #23      
Roaring Springs3      
Pumpkin Spring      

Unnamed Others      
Numerous lakes      
Cienegas      
Tinajas and potholes      
1-identification of springs, seeps and hanging gardens are from Spence, J. (2003) Surveys of springs in the Colorado River 
drainage in Arches National Park, Canyonlands National Park, Glen Canyon National Recreation Area and Grand Canyon National 
Park.  Glen Canyon National Recreation Area, National Park Service. 
2-other springs, seeps and hanging gardens are present but were not documented in Spence, J. (2003) or by Rihs, J. (2004) and 
named references were unavailable. 
3-Springs identified by Rihs, J. (2004) in monitoring matrix excel spreadsheet 
* - Resources are perennial either in part or completely, however the length of perennial water is unknown. (pers. comm., John Rihs) 
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Management and Scientific Issues 
The lack of an updated and comprehensive water resource management plan for GRCA is a significant 
management issue.  The need for additional data describing the park’s water resources, particularly 
groundwater levels, is another key issue.  
 
None of the water bodies in the park are designated as Outstanding Natural Resource Waters. The 
Colorado River between Parashant and Diamond Creek is on Arizona’s 303(d) list.  This reach is 45 km 
long and is listed due to excessive selenium and suspended sediment concentrations. 
 
The potential effect of groundwater extraction near the South Rim on springs and seeps is a major 
concern to the park.  Park staff noted the presence of municipal water supply wells located near Tusayan 
and Williams and an ongoing increase in groundwater development over a broad area in the vicinity of the 
South Rim.  Currently, at least ten wells have been completed on the Coconino Plateau south of the park, 
and further groundwater development is likely as the population in the region increases. 
 
Municipal water suppliers in the area have refused to share operational data such as water levels and 
pumping volumes with government agencies.  Monitoring for the purpose of identifying responses to 
precipitation, long-term trends in groundwater levels, and refinement of a hydrologic conceptual model is 
essential to the long-term protection of springs and seeps in the park. An alternative solution is for the 
park to develop its own groundwater monitoring well on the South Rim of the Grand Canyon, either within 
or external to the park. Development of a deep well is very expensive and a lack of necessary funds has 
prevented the park from pursuing this route.   
 
The park itself obtains its drinking water by diverting 60% of the total flow from Roaring Springs from the 
North Rim to the South Rim via a trans-canyon pipeline. The remainder of the flow from Roaring Springs 
goes into Bright Angel Creek. The trans-canyon pipeline supplies about 171 MG (1999) of water to the 
South Rim each year. The pipeline is greater than 30 years old, and more than a decade ago, an 
engineering report predicted a catastrophic failure of the trans-canyon pipeline by 2000.  While total 
failure has not occurred yet, the pipeline is deteriorating, breaks frequently, and annual repair bills of 
$2,000,000 are common (GRCA 2003).   
 
Construction of the Glen Canyon Dam upstream of GRCA caused drastic changes in the character of 
Colorado River flows within the canyon.  As a result of controlled releases of water planned mainly to 
optimize electrical generation and water levels in Lake Powell, variability in seasonal flow patterns was 
greatly reduced, but daily flows can fluctuate extremely in a 24-hour period.  In addition, seasonally 
variable water temperatures stabilized to an average of 55-60oF at Diamond Creek, very different from 
pre-dam conditions, and loads of suspended sediments from sources upstream of the dam were 
eliminated.  In absence of annual flooding that can scour the river’s banks, as well as the current 
predominance of stable annual flows, riparian vegetation in the canyon has increased greatly, including 
native marsh plants and the exotic tamarisk (Dawdy 1991).  Resultant changes to water quality of the 
Colorado River in the Grand Canyon are also significant (Foust and Hoppe 1984). 
 
External impacts on the North Rim include the presence of livestock (buffalo) resulting in damage to 
riparian and wetland areas and soil loss.  The impacts of uranium mining, either at the closed Lost 
Orphan mines or at ongoing operations to the south, are not well characterized. 
 
Internal threats to park water resources include invasion of exotic species, recreational use, and park 
infrastructure.  The impacts of exotic species on ecosystems are well documented.  A series of grants, 
including support from the Arizona Water Protection Fund (AWPF) fund eradication of tamarisk from 
tributaries in GRCA. Use of the Colorado River for recreational purposes may adversely impact the 
resources of the river corridor and a final Environmental Impact Statement for GRCA’s Colorado River 
Management Plan was released in late 2005. Over 800 river trips launch each year from Lees Ferry and 
visitors on these trips heavily utilize the limited beach resources of the canyon.  Congestion at popular 
sites leaves multiple trails, tramples vegetation, and compacts soils.  Visitors that do not adhere to river 
use requirements leave trash, charcoal, and human waste, and may damage prehistoric and historic sites 
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near the river.  The potential for both river and spring waters to be contaminated with fecal streptococcus, 
fecal coliforms or norovirus is a health concern. 
 
Park infrastructure including continued development within the developed area of the park, effluent from 
NPS and other wastewater treatment facilities, and chlorination of water all have the potential to 
negatively impact water resources.  To minimize impacts to water resources, proper permitting 
procedures must be followed and facilities must be operated according to state and federal regulations.   
 
A significant water resources management issue for GRCA is the need for a comprehensive database 
capable of integrating information from many sources.  Due to the sheer size and diversity of GRCA, 
integration of data from physical, chemical and biological monitoring is a major unmet need. The need for 
a database to aid in understanding and coordinated management of physical, chemical and biological 
resources has consistently been identified as a very high priority need by GRCA staff.   
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Coconino Plateau groundwater extraction and related water level decline  
• Characterization of groundwater levels and the relationship between groundwater, springs and 

seeps 
• Protection of groundwater supply to springs 
• Impact of Glen Canyon Dam 
• Park facilities on canyon rims 
• Past and present grazing in the park and on adjacent lands 
• Impacts related to recreational use  
• Erosion and sedimentation 
• Resource extraction 
• Exotic plant and animal species 
• Climate trends and extreme events 
• The Colorado River between Parashant and Diamond Creek on Arizona’s 303(d) list.   
 

Past and Current Inventory and Monitoring 
Water resource inventory and monitoring projects at GRCA have been or are being conducted by NPS, 
USGS, US EPA, Bureau of Reclamation (BOR), State of Utah Department of Health, Northern Arizona 
University (NAU) and Grand Canyon Wildlands Council, Inc. (GCWC).  Other cooperating groups not 
identified here may be involved.  Several of these studies were funded by the State of Arizona through 
the Arizona Water Protection Fund (AWPF).   
 
Hydrologic assessments of springs along the South Rim of Grand Canyon have been funded by GRCA, 
NPS-WRD, and the State of Arizona. The goals of this project, conducted by the USGS/WRD, were to 
provide data for estimating impacts of development on springs and riparian habitats through well and 
spring inventories, to determine additional data needs, and to develop a monitoring plan for collection of 
baseline data. Hydrologic and biological assessments of 12 springs and seeps on the South Rim were 
funded by AWPF and completed by the GCWC. A separate AWPF grant was awarded to the City of 
Williams for the purpose of determining the physical boundaries and flow directions of groundwater 
systems that supply the major springs of the Coconino Plateau in the Greater Grand Canyon region.  This 
project was supplemented by funding from the Arizona Rural Watershed Initiative and a report 
summarizing the hydrogeology of the Coconino Plateau will be released by the USGS/WRD in late 2005. 
Ongoing or recently completed monitoring projects include: 
 
• Three stream gages monitoring discharge of South Rim tributary streams (NPS) 
• Periodic discharge monitoring at two streams eight times per year 
• Biologic inventory and habitat mapping (NPS/GCWC) 
• Water chemistry study at over 30 sites (USGS/WRD) 
• Geologic mapping (USGS) 
• Geophysical studies and mapping (USGS) 
• Grand Canyon springs and ecosystems coupled models (NAU/USGS/NPS) 
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• Alternative sources of water study (BOR, recently completed) 
• Park-wide inventory and data gathering of water, cave, and karst resources (NPS) 
• In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. Nine springs 

at GRCA are included in this inventory. 
 
In recent years the park has partnered with the following groups and agencies to meet program needs for 
water resources (J. Rihs, WRD presentation 2002): 
 
• USGS-WRD, GRD, and BRD (work closely with two offices on 3 concurrent projects) 
• Grand Canyon Wildlands Council (contracted for biological surveys) 
• Grand Canyon Trust  
• Hualapai Tribe, Havasupai Tribe, Navajo Tribe, Hopi Tribe (among others) 
• Coconino County 
• City of Flagstaff 
• City of Williams 
• Tusayan Village 
• North Central Arizona Water Advisory Commission 
• Northern Arizona University 
• Arizona State University 
• Northern Arizona Grotto (local cavers) 
• National Speleological Society (national caving group) 
• NPS-WASO-Water Resources Division 
• Kaibab National Forest 
• Private Stakeholders 
 
Literature Review  
The NPS Resource Management Plan (1997) acknowledges the importance of springs, seeps, and the 
riparian areas along its major tributaries.  With respect to water resources, the park outlines various 
objectives including: 1) management of the Colorado River to restore or mimic, to the degree feasible, 
pre-dam natural and physical processes, including fish, wildlife and plant populations, and ecological 
relationships; 2) protection and conservation of sources and quality of natural water resources; 3) 
development of a comprehensive database on surface and groundwater sources; 4) monitoring of key 
water sources; 5) maintenance, rehabilitation, and perpetuation of the inherent integrity of water 
resources that originate both within and outside park boundaries, and 6) eradication of alien plant 
species. 
 
The most recent water resources management plan for GRCA was completed in 1984.  NPS (1996) 
provided an inventory and analysis of baseline water quality within and external to the park.  Numerous 
parameters exceeded EPA freshwater aquatic life and drinking water standards.  Most recently, Monroe 
et al. 2005, characterized geochemistry and groundwater discharge at selected springs along the South 
Rim of the Grand Canyon.  The USGS/WRD published a fact sheet regarding an ongoing study of the 
geology and hydrology of the Coconino Plateau (Hart et al. 2002).  The USGS/WRD also studied the 
hydrogeology and ground-water budget of the C Aquifer (Coconino Aquifer) of the Little Colorado River, 
tributary to the Colorado River (USGS 2002). 
 
The water resources of GRCA and its environs are the subject of many publications.  While a summary of 
these is beyond the scope of this report, a bibliography can be found in the NatureBib system.  In 
addition, an updated bibliography is currently being compiled for GRCA by SWCA Environmental 
Consultants of Flagstaff. 
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Hubbell Trading Post National Historic Site 
Hydrogeologic Setting 
Hubbell Trading Post National Historic Site (HUTR) is located in the Ganado Valley at the base of the 
Defiance Plateau.  Hubbell Hill forms the northwest viewshed and Beautiful Valley lies to the west.  The 
Pueblo Colorado Wash flows through the northern portion of the site boundary. 
 
Pueblo Colorado Wash consists of a meandering sand channel and terrace floodplain deposits that are 
periodically inundated by runoff from winter snowmelt or intense summer thunderstorms.  The bedrock 
under the channel consists of sandstones, siltstones and claystone (USGS 1999).  Length of the Pueblo 
Colorado Wash channel within HUTR is about 925 meters. 
 
Significant Water Resources 
An intermittent stream, Pueblo Colorado Wash, and an irrigation ditch run through HUTR.  The presence 
of Pueblo Colorado Wash creates a uniquely lush valley in this semi-arid landscape.  In the past, invasion 
of exotic species in combination with grazing, flood control, and additional diversion had degraded Pueblo 
Colorado Wash, resulting in an unnaturally narrow, deeply incised flow channel.  Since 1996, the park 
has undertaken major restoration efforts of the stream channel and the riparian environment of the wash 
within the park.  Tamarisk and Russian olive were removed, and induced meandering was implemented 
as a means of restoring riparian and stream health.  To date the project has proven highly successful 
(HUTR and Navajo Nation EPA 2001).  
 
Following the removal of heavy growth of tamarisk and Russian olive in the stream channel, two springs 
were identified along the banks of Pueblo Colorado Wash.  One of these, Wide ReedRuins Spring, flows 
from bedrock along the south bank just below Wide Reed Ruins.  The second spring flows from the base 
of alluvial deposits on top of the bedrock on the north bank across from Wide Reed Ruins Spring (USGS 
1999).   
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These water sources not only continue to provide habitat for wildlife, in the past they provided water for 
agricultural production on the 65 hectare site.  Water was diverted from the wash two miles upstream and 
directed through an irrigation ditch to maintain agricultural practices begun in the 1900s by homesteader 
John Lorenzo Hubbell.  The Bureau of Reclamation's Ganado Irrigation Water Conservation Project 
recently placed pipe in the same irrigation ditch to reintroduce agriculture to the community of Ganado 
and to HUTR which will resume cultivation of agricultural fields (HUTR 2003). 
 
The Ganado Irrigation Water Conservation Project has brought together the BoR, Natural Resources 
Conservation Service (NRCS) and many other partners, including the Fort Defiance Soil and Water 
Conservation District, the Navajo Nation, BIA, and the University of Arizona, on a project to rehabilitate 
the Ganado Irrigation Project.  When completed, the project will provide the community of Ganado, 
including HUTR, with irrigation water.  Fields once cultivated by Hubbell will be returned to agricultural 
use (HUTR 2003).  The irrigation ditch at HUTR is about 300 meters in length. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water sources for wildlife 
• Riparian habitat  
• Association of site with Pueblo Colorado Wash, historic view of park as an oasis 
• Restoration of wash vegetation and hydrologic function in park reach 
• Springs 

 
 

Hubbell Trading Post National Historic Site Natural Resource Waters 

Name 
Intermittent 
length (km) 

Perennial 
length (km) 

Total length 
(km) 

Pueblo Colorado Wash <1   <1 
Irrigation Ditch <1   <1 

Springs       
North Wide Reed Ruins Spring       
South Wide Reed Ruins Spring       

 
 
Management and Scientific Issues 
Threats to water resources within HUTR include: 1) erosion, 2) invasive exotic species, and 3) irrigation 
practices and the return of agriculture.  Exotic species along the Pueblo Colorado Wash, especially 
tamarisk and Russian olive, have been almost completely removed from within the park environment.  
Yet, re-sprouts occur and must be removed annually.  These exotics, particularly tamarisk, utilize water 
that could be available to native and aquatic species.  The bed and bank stabilization thought to occur 
from their establishment in riparian areas can restrict water flow and lead to increased channel incision or 
overbank flooding frequencies by reducing the capacity of streams to adjust to changes in flow (Graf 
1978).  Conversely, removal of exotics and their stabilizing nature may exacerbate erosion of the channel.  
However, establishment of rushes within the active stream channel and willows, rabbitbrush, and other 
native vegetation on the active floodplain can reduce this concern.  These plants have already 
established along the wash since the wash restoration project began. 
 
Agriculture was a major mainstay of the Hubbell freighting and trading operation.  The fields have been 
uncultivated since the mid 1950s when the original earthen ditch irrigation system fell into disrepair.  The 
Bureau of Reclamation has rehabilitated the irrigation system with a piped system to deliver water once 
again to the HUTR fields as well as to other fields of the Ganado community.  Agriculture and diversion of 
water will impact water quantity and quality in Pueblo Colorado Wash.  While a benefit to the community, 
loss of water from the wash may reduce sediment movement and storage, may reduce available water for 
riparian vegetation, and can impair water quality based on agriculture practices.  Excess nutrients, 
pesticides, and sedimentation are concerns when agricultural operations do not use sustainable 
practices. 
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The Navajo Nation Department of Water Resources has determined that they can divert maximum flows 
from Pueblo Colorado Wash for beneficial use.  How this would impact flows in the wash is a potential 
issue since HUTR maintains water rights in Colorado Pueblo Wash.   
 
External to the park, grazing livestock can access all surrounding lands, potentially impacting soils and 
vegetation in riparian areas and causing erosion and water quality degradation.  Development in the 
community contributes to erosion of the surrounding watershed and may contribute to sedimentation in 
the wash within HUTR boundaries.  Illegal dumping is another threat to the water resources of the park 
unit.  Trash dumping and fill and excavation operations also occur outside of HUTR, but the park unit has 
worked with the Navajo Nation to remove dumps.  Sewage disposal for Ganado also exists along 
Colorado Pueblo Wash upstream of HUTR. 
 
HUTR’s water supply comes from a well located near the maintenance shop.  The water is leased to the 
Navajo Tribal Utility Authority, and the terms of agreement stipulate that the Tribal Authority is responsible 
for monitoring the well. 
 
A discontinued stream flow gage was located on Naakai Na Daachaahi Wash.  Currently, flow is 
measured at the wash and springs when water quality samples are taken. 
 
There are no 303(d) or ONRW designated waters within the park unit. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Invasion of exotic plants  
• Diversion of Pueblo Colorado Wash for irrigation 
• Grazing outside the park 
• Potential for wildfire in watershed outside park 
• Climate trends and extreme events 

 
Past and Current Inventory and Monitoring 
Two sites approximately 13 kilometers upstream of HUTR on Kinlichee Creek were monitored in October 
1978 as part of the US Department of Energy’s National Uranium Resource Evaluation 
Hydrogeochemical and Stream Sediment Reconnaissance Program.   
 
Samples were collected by the USGS/WRD for a Level 1 Water Quality Inventory between 1998 and 
2000 at Pueblo Colorado Wash and from the springs near Wide Reed Ruins (USGS 1999). The Navajo 
Nation EPA is in the last year of two, three-year grant periods for collection of water quality samples and 
water quantity measurements. 
 
Park staff monitors and periodically treat resprouts of tamarisk and Russian olive. Health of the stream 
channel, including wildlife and vegetation in Pueblo Colorado Wash, is also monitored as part of an 
Arizona Water Protection Fund grant. 
 
The Navajo Nation Department of Fish and Wildlife has an ongoing program to inventory plants, birds, 
mammals, reptiles, and amphibians jointly with the SCPN Inventory and Monitoring program. 
 
HUTR staff will cooperate with Northern Arizona University (NAU) to conduct a two-year water quality 
baseline assessment of flows in Pueblo Colorado Wash.  In a joint project with the BOR, HUTR will use 
treated effluent to nurture cottonwoods planted along the southwestern floodplain of the wash to reduce 
bank erosion and reproduce the historic character of the site.   
 
Literature Review 
The Cultural Landscape Report (Froeschauer-Nelson 1998) describes the park unit with emphasis on 
preserving the historical landscape features.   
 
The Resource Management Plan (1998) for HUTR discusses the following water resource issues: 1) 
reintroduction of irrigation and farming to the HUTR lands in cooperation with the community of Ganado 
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and adjacent neighbors, 2) exotic plant species invasion in Pueblo Colorado Wash, 3) water quality 
impacts in Pueblo Colorado Wash due to trash dumping and fill activities, and 4) erosion along Pueblo 
Colorado Wash.   
 
The baseline water quality analysis report (NPS 1997) found few data within the vicinity of the park and 
nothing inside the park.  More recently, HUTR and the Navajo Nation EPA (2001) published provisional 
water quality data for a period during the wash restoration effort.  The park unit also has on file water 
quality data collected by the USGS/WRD.   
 
The recently published Environmental Assessment of reintroduction of agriculture to the Historic Site 
(2003) relates the benefits and impacts associated with this effort. 
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Mesa Verde National Park 
Hydrogeologic Setting  
Mesa Verde National Park (MEVE) is on a cuesta that is incised by many deep, long canyons separating 
numerous narrow, parallel mesas.  These canyons drain to the south.  The cuesta is an erosional 
remnant rising 488 to 640 meters above the Dolores Plateau.  The north face is steep and supports few 
springs and ephemeral drainages.  The Mancos River flows year around along the park’s east boundary.  
The mesas and canyons of the cuesta extend to the west well beyond the park.  
 
The rock layers (Mancos Shale, Point Lookout Sandstone, Menefee Shale, and Cliff House Sandstone) 
exposed at MEVE originated from an inland sea that covered the area during the Cretaceous Period.  
Uplift of the area at the end of the Cretaceous Period drained the sea and initiated a long period of 
erosion giving rise to the present topography.  Most springs emanate from the Cliff House Sandstone and 
Menefee Shale, however, on the north side of the park, a few springs emanate from the Mancos Shale. 
 
Significant Water Resources 
Approximately 310 surface water sites have been identified in the park including cliff base springs, 
drainage springs, potholes, historic wells, the Mancos River, and a few modern impoundments (Allan Loy, 
Geographer, MEVE, pers. comm., 6/23/2003).  The only perennial stream in the area is the Mancos 
River, which flows for 7.5 km, along the east edge of the park and south edge of the cuesta.  The river is 
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the only natural water source that originates outside MEVE.  Ephemeral and intermittent drainages run 
through the canyons, totaling about 168 km in length, but water typically flows through these canyons for 
0.8 km or less.  During dry periods some pools may persist, but occasionally most sites dry up completely 
for several months in mid-summer.  
 
Average yearly precipitation at MEVE amounts to approximately 46 centimeters.  The source of water for 
approximately 158 documented springs and seeps is snowmelt and late summer rains; the snowmelt 
recharges aquifers in the Cliff House Sandstone and the underlying Menefee Shale along fault and joint 
fractures, and flashfloods 3 meters deep or more may inundate canyon bottoms after strong summer 
thunderstorms.  The Mancos Shale also supports some springs which most likely occur along fault lines.  
A list of 58 key water sites on file at the park warrant continued monitoring since they are heavily used by 
wildlife and are dependable sources of water (MEVE, no date, park files). 
 
In addition to springs, which support wildlife such as amphibians, invertebrates, birds, and various 
mammals, the Mancos River supported native fish species (blue head sucker (Catostomus discobolus), 
flannelmouth sucker (Catostomus latipinnis), speckled dace (Rhinichthys osculus), and roundtail chub) 
but following recent catastrophic fires, fish populations have disappeared. The river supports an important 
and functional riparian zone providing wildlife habitat, food chain support, streambank stability, and flood 
attenuation (Krueger, 1994).  Emerging from the La Plata Mountains north of Mancos, CO, water flows 
through glacial gravels in the Mancos Valley. The river, having been relieved of grazing pressure since 
1998, still experiences a variety of impacts from upstream users. In addition to the riparian habitat 
associated with the Mancos River, approximately an additional 200 hectares of wetland and riparian habitat 
exists in at least 23 locations within the park. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Wetland and riparian habitat 
• Water sources for wildlife 
• Historical association of site habitation with water availability 
• Example of restored native fish community 

 
Mesa Verde National Park Natural Resource Waters 

Park Water Site Identification Number and Key Water Site Name or Location1 

1-Spruce Tree Spring 
4-Spring House Spring 
10-Head of Fewkes Canyon 
14-Reed Springs, Navajo Canyon  
18-Long House Spring 
19-Wickiup Canyon drainage 
20-Navajo Canyon drainage, below head forks 
22-Rock Canyon drainage, below plunge pool 
28-Soda Canyon drainage, south of Battleship Rock 
33-Horse Springs 
37-Waters Canyon drainage, south boundary 
40-Morefield Springs 
50-1-Morefield Well 
50-4-Prater Canyon, lower well 
50-12-Spruce Canyon Well 
50-13-Waters Canyon Well 
50-15-School Section Canyon Well 
50-16-Upper Soda Canyon Well 
50-100-Morefield Sewer Lagoon 
50-101-Far View Sewer Lagoon 
50-102-Cedar Sewer Lagoon 
50-103-Wetherill Lagoon 
50-Pool Canyon 
55-Horse Canyon drainage, south boundary 
56-North Escarpment, below D-Cut 
70-Morefield Cattail Patch 
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Mesa Verde National Park Natural Resource Waters 

Park Water Site Identification Number and Key Water Site Name or Location1 

73-U.S. 160 Spring 
77-Base of Switchback Road 
80-Soda Canyon drainage,  south of APW Trail 
93-Ute Canyon Springs, at mouth 
95-Echo Cliffs Springs, in drainage 
98-Rock Springs roadcut 
117-Whites  Canyon road dam 
118-Long Canyon drainage, below Spring House 
126-Limy Draw 
132-Morefield Reservoir 
137-Soda Canyon drainage, south boundary 
142-Little Long House rim 
155-Whites Canyon reservoir 
158-School Section Canyon, brown salty pools 
181-Rock Spring side canyon, mud pool 
183-Lower Morefield Canyon drainage, cattails 
200-Mancos River in the park 
210-Battleship Rock at south end, “Old Ugly” 
245-School Section Canyon, “Old Brown” 
254-North Escarpment, drainage from shale bluffs 
262-Prater Canyon, Turkey Springs 
268-Far View sewer lagoons drainage 
300-Weber Wash 
301-Weber Canyon Lake 
302-East Canyon drainage 
400-Mud Creek 
401-West Mancos River, water intake 
402-Chicken Creek 
403-Jackson Lake 
404-Totten Lake 
405-McFee Reservoir 
406-Chicken Creek beaver colony 
Moccasin Canyon2 

Unnamed streams2 

1-Table consists of key water sites identified by Mesa Verde National Park resource staff. 
2- Sites not identified as key water sites by Mesa Verde National Park resource staff but 
included in other sources. 

 
Management and Scientific Issues 
There are no 303(d) or ONRW designated waters within MEVE, but the Mancos River and its tributaries 
above Highway 160 (upstream from the Park) were listed as impaired due to copper contamination in the 
2004 303(d) list (Colorado Department of Public Health and Environment 2004). 
 
Since visitors are restricted to very few areas in the park, the more than 650,000 annual visitors generally 
have little impact on the springs.  However, three separate wastewater lagoon systems discharge effluent 
to Soda, Navajo and Morefield canyons. The Wetherhill system, a fourth lagoon, is fully contained and 
supports the necessary evaporation capacity.  Springs exist in all of these canyons and potentially could 
be impacted by the discharge of effluent. 
 
Concerns related to water within the park include effects of recent catastrophic fires, and the impacts of 
climate change including the recent drought which exacerbates any anthropogenic threat to water 
resources.  Fires alone may be responsible for the loss of fish in the Mancos River.  Non-native fish have 
not been observed in the Mancos River and as recently as the 1960s the river supported the Colorado 
pikeminnow and razorback sucker (Krueger 1994).  Following recent fires excessive sediment loads and 
quantities of ash contaminated the river.  Presently, only minnows are known to inhabit the creek, but the 
park anticipates the river will be re-colonized by other species. 
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Water is an issue regarding deterioration of the cliff dwellings.  Martin (1996) described the hydrogeology 
of the area around Cliff Palace and noted that a leach field and water line operations caused seepage. 
 
The roundtail chub (Gila robusta), which inhabits some reaches of the Mancos River, is a species of 
special concern in the State of New Mexico. Several years ago the Colorado Division of Wildlife, the US 
Fish and Wildlife Service, the Park Service and the Ute Mountain Tribe electroshocked the river, capturing 
27 adults.  The fish were transferred to the Alamosa Fish Hatchery where a captive breeding effort will 
supply a future re-introduction event. 
 
Impacts to the Mancos River from outside the park are mainly due to agricultural development.  Jackson 
Reservoir, upstream of the park, stores spring runoff and thus tempers peak flows of the river through the 
park.  As a result, native and non- native vegetation has encroached upon the channel, combining with a 
reduction of flood-flows to inhibit natural geomorphic processes. Peak flows in the Mancos River can 
occasionally reach 1,500 cubic feet per second (cfs) and baseflow is typically 12 cfs.  During 2003, a 
severe drought and continued upstream diversions reduced flows to1 cfs.   
 
Water quality issues on the Mancos River include a variety of threats.  Potential sources of contamination 
are: 1) high post-fire levels of siltation and ash flow; 2) nitrates, selenium, cleansers, sediments, and other 
pollutants from upstream mine waste and urban sources; and 3) pathogens, pesticides, nutrients, and 
algaecides from agricultural and urban development.  Three natural gas pipelines cross the Mancos River 
upstream of the park.  In the future, one of those pipelines may be converted to carry gasoline.  The park 
has expressed concerns regarding potential leaks from the pipelines.  The park views the Mancos River 
waters as impaired. 
 
High mercury levels in wet deposition tests suggest that this parameter should be measured in water 
samples.  Acid spikes also found in these wet deposition samples indicate a need to address acid 
deposition impacts on water sources at the park. 
 
The application of Malathion for mosquito control and Tordon for weed control in the region near the park 
poses a potential water quality risk. Also of regional concern is atmospheric deposition related to coal-
fired power plants and oil and gas development. 
 
The park anticipates few threats to the springs’ water quality, but recognizes that discharge from three 
lagoon systems can impact springs in Soda, Navajo, and Morefield canyons. Protection of spring flow is a 
concern for the park and in 1998, with the assistance of the NPS Water Resources Division, MEVE 
obtained legal reserved water rights from the state of Colorado for many of its springs.  To legally 
maintain these water rights the natural resource staff must annually monitor and report the flows of these 
springs, and provide a declaration of legitimate use of the spring waters.  The park does not have 
adequate senior water rights to ensure perpetual in-stream flows for the Mancos River, as park rights 
date back to only 1995. 
 
MEVE obtains its drinking water from the West Fork of the Mancos River.  It is treated and piped to the 
park.  A deep well (1,199 meters below land surface) near the park’s offices served the park’s water 
needs from 1934 to 1950.  Currently there are no active wells in the park. 
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Summary of threats/concerns related to water quality and aquatic ecosystems: 
• Upstream diversions reducing water quantity in Mancos River 
• Trespass grazing by livestock 
• Air quality degradation 
• Effects of wildfire on watershed (ash flow and siltation) 
• Resource extraction and processing impacts (selenium, cleansers, sediment) 
• Invasion of exotic plants  
• Extirpation of native species associated with water resources 
• Visitor impacts 
• Climate trends and extreme events 
• Sedimentation 
• Reintroduction of beaver (Castor canadensis) 
• Reintroduction of roundtail chub (New Mexico species of concern) 
• Park lagoon system impacts to springs 
• Inputs of pathogens, pesticides, nutrients, and algaecides from agriculture and urban 

development 
• Potential gas pipeline leaks 
• Mancos sewage treatment plant effluent 

 
Past and Current Inventory and Monitoring 
The following table identifies current monitoring efforts and recent past efforts.  Cooperators include the 
USGS, USFWS, and Colorado State University.  Costs associates with water quality analysis are paid by 
NPS.  The park natural resources staff does not have the resources to assess water quality trends, or the 
time to maintain a water-quality database. Recently collected data have not been uploaded to STORET. 
 
Until 2002, the park monitored water quality in Mancos River once per year for twenty years, and five 
spring sites once per year.  Several springs are monitored for flow only to meet reserved water rights 
requirements.  
 
Recently the Mancos River was sampled for pesticides and poly-aromatic hydrocarbons (PAHs) following 
post-fire fire retardant drops directly into the river.  Bacteriological data have occasionally been collected 
on the Mancos River.  A suite of major ions, lab pH and conductance, and metals are typically measured 
by the CSU Soils Testing Lab and results sent to and filed by Marilyn Colyer, Park biological technician.  
The park does not monitor for core parameters in situ. 
 
Water quality and quantity inventory and monitoring efforts at MEVE. 

Description Monitoring Effort and 
Duration 

Agency Conducting 
Monitoring 

Number of Stations 
NPS stations/Outside Park 

Project Inside 
Park? (Y or N) 

Water Quality 5/24/76-2002 NPS  (NPS collects and 
CSU Soils Lab analyzes) 

60/136 (changes year to 
year) Y/N 

Water Quality 10/25/75-7/7/94 USGS 29 N 
Water Quality 5/5/78-9/18/79 Forest Service 1 N 
Water Quality 1/1/01-6/22/93 CO Dept. Health 1 N 

Stream flow @ springs (30 sites) (1998-
future); Water Rights related NPS 30 Y 

Post-fire water quality 2001-2002 NPS-BAER Mancos River Y/N 
Mancos River Gaging Station  NPS/USGS Mancos River Y 
Mancos River fishery  2001 USFWS Mancos River Y 

Leopard frog study 1992-present NPS Four Corners Area Y 

Invertebrate surveys CSU –Boris Kontradieff, 
Paul Opler Mancos River and other sites Y/N 

T-walk measuring river health since 
1995 NPS Mancos River, Mud Creek, 

Weber Creek both 

 
The USGS/WRD operates three gaging stations on the Mancos River. One of these is inside the park 
(371508108212801), monitoring flow and water temperature. The gaging stations outside the park are on 
the Middle Mancos River (09369500) and on the East Mancos River (09369000). 
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In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. Seven springs 
and one site on the Mancos River at MEVE are included in this inventory. 
 
Literature Review 
The Resource Management Plan for the park (1998) recognizes the need to develop and support an in-
park staff of professional natural resource managers, specialists, and technicians to manage the park’s 
natural resources using the best available techniques and technologies.  The NPS (2000) water quality 
inventory and analysis documented that some water quality parameters exceeded EPA criteria.  
Interpretation of this information requires closer inspection, since some sampling sites were outside park 
boundaries. 
 
Several file folders at the park house water quality and quantity data for springs.  Recent data are in 
hardcopy form and have not been entered into a digital database. 
 
In general, there is little literature relating to the water resources of the park. 
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Navajo National Monument 
Hydrogeologic Setting and Significant Water Resources 
Navajo National Monument (NAVA) consists of 3 individual units.  The Inscription House unit is the most 
western unit and lies in the Navajo Creek watershed, while the Betatakin and Keet Seel units are in the 
Tsegi Canyon and Keet Seel watersheds respectively.  Due to the small size of each of the units, only 
short lengths of drainages occur through any part of NAVA.   
 
The three units of NAVA incorporate six geologic layers: Navajo Sandstone, the Kayenta Formation, 
Wingate Sandstone, and the Church Rock, Owl Rock, and Petrified Forest Members of the Chinle 
Formation.  There are three layers of alluvial deposition in Tsegi Canyon: the Jeddito, Tsegi, and Naha 
formations.   
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Springs and seeps are found in and around all three of the NAVA units, and water from these emanate 
from the N aquifer – Navajo Sandstone, Kayenta Formation and the Wingate Sandstone (Thomas 2003).  
A small perennial reach of Keet Seel Canyon (0.5 km) drains the Keet Seel Unit.  Spring runoff and late 
summer thunderstorms provide recharge to aquifers that support the springs.  Flow in Keet Seel Canyon 
also arises from runoff and late summer rains. 
 
The Keet Seel and Betatakin units include several springs and seeps.  Betatakin has a perennial spring 
that formerly supported a relict Douglas fir (Pseudotsuga menziesii) forest.  In the past few years, its 
surface flow has been reduced (Roger Moder, Navajo National Monument Superintendent, pers. comm. 
9/22/2004) for unknown reasons.  The Inscription House Ruin unit includes a spring and associated 
stream reach. All of these water sources are important for wildlife, plants, and visitors.  One of the two 
known populations of Navajo sedge (Carex specuicola), a federally endangered species, occurs near the 
Inscription House unit and may occur in inaccessible cliff walls of NAVA. 
 
Drinking water is supplied from a well located below NAVA campground. The well is 260 meters deep. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water source for wildlife  
• Wetland and riparian habitat 
• Association of prehistoric habitation with water sources 
• Relict Douglas fir (Pseudotsuga menziesii) stand 

 
 

Navajo National Monument Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
length 
(km) 

Streams      
Navajo Creek 1 <1   <1 
Keet Seel Canyon   1 <1 <1 
Inscription House Ruin stream 1 <1   <1 

Springs      
Inscription House Spring      
Betatakin Spring      
Betatakin Ruin Spring      
Keet Seel Ruin Spring      

 
Management and Scientific Issues 
There are no 303(d) or ONRW designated waters within NAVA. 
 
A major concern for NAVA is a documented decline of local ground water levels. The decline may result 
from regional climatic change or may be caused by withdrawals of large volumes of ground water (3150 
acre-feet in 2001) by the nearby Peabody Western Coal Company on Black Mesa (Thomas 2002).  All 
three units exhibit symptoms of declining ground water levels. 
 
Livestock grazing within and adjacent to NAVA exacerbates erosion and contributes to instability of 
archeological sites.  Livestock grazing occurs within the watersheds of both Keet Seel and Inscription 
House. Livestock feces and urine could be contributing to the algae blooms observed at Keet Seel.  
 
Increasing visitor access could negatively impact natural and cultural resources. 
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Threats/concerns related to water quality and aquatic ecosystems: 
• Declining ground water levels 
• Proximity of Peabody Western Coal Company operation 
• Invasion of exotic plants 
• Livestock grazing on adjacent lands 
• Erosion 
• Climate trends and extreme events 
• Algal blooms at Keet Seel 
• Visitor impacts 

 
Past and Current Inventory and Monitoring 
The NPS-WRD through a cooperative effort with the USGS/WRD completed a Level I Water Quality 
Inventory (Thomas 2003) at NAVA. Samples were collected from 6 sites during 2001 and 2002, including 
three springs, two streams, and one well.  
 
The SCPN I&M program has completed amphibian and reptile inventories.   
There are no other active monitoring or inventory efforts related to water resources at NAVA. 
 
Literature Review 
NAVA’s General Management Plan (2002) notes the following: springs and seeps are important 
resources at the park unit, monitoring water quantity and quality is a management objective, and staff are 
interested in continuing and expanding cooperative relationships with the NPS/WRD, GRCA resource 
management staff, and others in addressing water resource issues. 
 
Prior to the USGS/WRD Level 1 Water Quality inventory, the only water related study in NAVA was the 
baseline water quality inventory and data analysis report (NPS 1999). 
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Petrified Forest National Park 
Hydrogeologic Setting 
Petrified Forest National Park (PEFO) straddles the boundaries of three USGS hydrologic catalog units.  
Most of the park is located within the Lower Puerco River Watershed.  The Upper Little Colorado River 
Watershed is located in the southwest corner of the park.  Leroux Wash hydrological unit is located in the 
extreme northwest corner of PEFO.  All drainages within PEFO ultimately flow into the Little Colorado 
River, a tributary of the Colorado River (NPS in print).  
 
Likewise PEFO consists of three distinct geographic areas: Painted Desert, Puerco River Valley, and 
Rainbow Forest.  The Painted Desert area is in the northern third of the Park and is characterized by 
southwest to northeast trending clay hills, mesas, and buttes that reflect the influences of the Little 
Colorado River as it erodes the Chinle Formation. From the Painted Desert rim, the land slopes to the 
southeast through a series of wide erosional basins to the Puerco River. The Rainbow Forest area is in 
the southern third of the park, where the land has eroded into small groups of buttes and mesas 
separated by the wide expanses of the drainage basins of Dry Wash and its tributaries. 
 
The Upper Triassic Chinle is exposed as badlands in PEFO and its important fossils and petrified wood 
are the most prominent geological features of the park.  The Chinle Formation is overlain by ash 
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deposited during the Triassic Period, and underlain by the Moenkopi Formation.  A few springs may 
emanate from the Chinle or Moenkopi Formations, yet the areal extent of beds supplying water to seeps 
and springs are limited and are therefore unlikely to produce large volumes of water (Aughenbaugh 
1970). 
 
Two aquifers underlie the park; they are the Puerco River Alluvial Aquifer and the Coconino Aquifer. 
 
Significant Water Resources 
The Kokopelli, or Celebration Man Tinaja, is the only known perennial surface water in PEFO. Numerous 
intermittent washes and drainages also exist. The Puerco River runs through the narrow mid-section of 
the park and is intermittent in nature.  Only about 2.7 kilometers of the stream’s length are within current 
park boundaries, but this will increase with the proposed expansion of the park (Petrified Forest National 
Park 1991; Engineering-Environmental Management, Inc. 2003).  The Puerco River is lined with 
dispersed stands of tamarisk.  Other ephemeral drainages include Cottonwood Wash, Dead Wash, 
Digger Wash, Dry Wash, Jim Camp Wash, and Ninemile Wash.  In addition, other springs, seeps, tinajas, 
and water impoundments are documented anecdotally, but have not been mapped. The Civilian 
Conservation Corps constructed the impoundments during the 1930s. During the intervening time 
maintenance of these structures has lagged. If maintained, they provide an opportunity for PEFO to 
provide assured water sources for wildlife.   
 
Two other important water resources are the aquifers that were developed to provide a domestic water 
supply for PEFO.  These are the Puerco River Alluvial Aquifer and the Coconino Regional Aquifer (C 
Aquifer).  The Puerco River Alluvial Aquifer is composed of interbedded gravels, sands, silts, and clays. 
These shallow sediments are in close proximity to the river and are recharged during periods of flow. The 
spatial variation of the substrate composition and other hydrologic properties of the aquifer are not well 
understood (Webb et al. 1987).  Puerco Well No. 2, which is within PEFO, is developed within this 
aquifer. 
 
The Coconino Regional Aquifer is much deeper.  The Coconino Aquifer underlies much of northeastern 
Arizona and northwestern New Mexico including Hubbell Trading Post National Historic Site and the 
Flagstaff Parks (Hart et al. 2002).  The Coconino Aquifer is confined in the area of the park and the 
ground water gradient is to the northwest.  The Agate Bridge and Rainbow Forest wells are both 
developed in the C aquifer. Waters from both the Puerco River Alluvial aquifer and the C aquifer have 
extremely high dissolved solids concentrations and are not used by PEFO. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water sources for wildlife 
• Riparian and wetland habitat 
 

 
Petrified Forest National Park Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
length 
(km) 

Streams      
Cottonwood Wash 1 8.6   8.6 
Dead Wash 2 1.4   1.4 
Digger Wash 5 11.4   11.4 
Dry Creek 8 6.7   6.7 
East Fork Dry Creek 3 3.8   3.8 
Jim Camp Wash 3 9.5   9.5 
Lithodendron Wash 24 23.8   23.8 
Ninemile Wash 3 0.6   0.6 
Puerco River 3 2.7   2.7 
Wildhorse Wash 5 6.9   6.9 
Unnamed streams 124 269.2   269.2 

Springs      
Spring on Blue Mesa      
Spring near Agate Bridge      
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Petrified Forest National Park Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
length 
(km) 

Spring near Zuni Well      
Unnamed springs and seeps      

Tinaja and potholes      
Kokopelli Tinaja      
Unnamed tinajas and potholes      
Unnamed impoundments      

 
 
Management and Scientific Issues 
There are no 303(d) listed or ONRW waters within Petrified Forest National Park. 
 
Within PEFO, several issues related to water resources have been documented in the park’s Water 
Resources Scoping Report (NPS in print).  They include 1) invasive exotics, 2) former landfills, 3) 
trespass cattle, 4) lack of an alternative drinking water supply, 5) radionuclide contamination, 5) park 
infrastructure, and 6) inadequacy of a water quality database. 
 
PEFO has undertaken several efforts to remove tamarisk and has gone so far as to try re-establishment 
of native coyote willow.  These efforts have not prevailed and tamarisk remains an issue in this park.  
PEFO is supporting research efforts which characterize the riparian community potential.  Prior to 
initiating future restoration, the park will review the research which will evaluate areas where tamarisk 
control and riparian restoration efforts are likely to result in a return to natural biological communities 
(NPS in print; PMIS 85644). 
 
Former landfills in PEFO may contribute to water quality degradation.  Household waste from park and 
concession housing and C.C.C. camps were dumped along cut-banks.  In addition to more benign 
materials, these sites contain hazardous materials such as batteries.  Some of this material has been 
collected and disposed of properly, and the landfill poses few problems along Jim Camp Wash. 
 
Trespass cattle threaten vegetative cover and can increase sedimentation and fecal contamination in 
drainages.  The park continues to be concerned with this problem, but fencing cattle out of the Puerco 
River is difficult. 
 
PEFO currently obtains its drinking water from the Navajo Tribal Utility Authority.  At any time, the 
Authority may withdraw its service to the park to serve, instead, the potential Navajo Newlands 
development, truck stop, and casino.  As such, the park needs to continue assessment of Puerco Well 
No. 2 water quality since radionuclide and trace metal contamination are concerns (NPS in print). 
 
Park infrastructure concerns include the stability of a pipe leading to the sewage lagoons in the southern 
part of the unit and the concentration of pollutants in a parking lot.  The pipe is very close to an eroding 
edge of Jim Camp Wash.  A parking lot in the vicinity of Jim Camp Wash may contribute to non-point 
pollution.  
 
In 1999, the National Park Service completed a Baseline Water Quality Data Inventory and Analysis for 
Petrified Forest National Park.  The Park Service determined that very limited data were available for the 
Puerco River (NPS 1999), and no water quality data were available for other washes within PEFO.  
However, it is likely that those washes cutting through radionuclide-bearing layers of the Chinle Formation 
may contain some background levels of radiation (NPS in print).   
 
Threats to water resources external to the park include: 1) erosion and its effects on cultural resources 
and water quality, 2) mineral development, and 3) park additions. 
 
PEFO is situated on a high desert plateau and hence experiences a high erosion rate due to both wind 
and precipitation.  Major archeological and fossil resources, and the knowledge they contain, are being 
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lost to this erosion.  In the Puerco River watershed, erosion upstream of PEFO may contribute to 
increased trace metals and radionuclides in the water.  Natural eroding radionuclide-bearing rocks, past 
uranium mining dewatering effluent, and other treated uranium process waters may contribute to 
contamination of the Puerco River. 
 
The park is concerned that development of oil and gas may reduce the available water in either of the 
aquifers.  Also, as with many of the SCPN parks, atmospheric deposition is a concern. 
 
Additions to PEFO as proposed in the park’s General Management Plan (PEFO 1991) and General 
Management Plan Revision (Engineering-Environmental Management, Inc. 2003) would increase the 
length of the Puerco River in the park and bring with it additional stands of tamarisk, abandoned wells, 
roads, and uranium claims.  Other proposed additions include numerous water impoundments which also 
support habitat for exotic species.  The impoundments, if maintained, can also serve as a source of water 
for wildlife. 
 
Overall, PEFO is interested in locating its water resources, inventorying and analyzing its water quality, 
establishing an alternative drinking water supply, and characterizing the riparian community along the 
Puerco River. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Invasion of exotic plant species 
• Impacts of resource extraction, processing and former mine dewatering upstream of Puerco River 

(uranium) 
• Upstream effluent discharges to Puerco River 
• Presence of naturally occurring contaminants in geologic materials 
• Climate trends and extreme events 
• Channel incision during flood events 
• Historic landfills near washes 

 
Past and Current Inventory and Monitoring 
Tamarisk and Russian olive stands have been mapped (Bowman 1991).  Reptiles and amphibians have 
been inventoried.   
 
PEFO was awarded funding from the NPS-WRD for PMIS 85644 Stream and Riparian Characterization 
and Analysis for Management Planning.  Dr. David Cooper and students from Colorado State University 
will classify riparian areas, monitor the water table in these areas, and obtain water quality data in order to 
determine riparian community potential.  The project is underway and will last for 3 years. 
 
Historically two streamflow gaging stations have been located within PEFO (USGS/WRD stations 
09396500 and 09396400), but neither of these is currently active. The USGS/WRD operates a streamflow 
gaging station on the Puerco River near Chambers (09396100), about twenty miles upstream from the 
park. Park staff monitors Puerco Well #2 and the Agate Bridge well biweekly for depth to water, and 
quarterly for water quality.  The USGS/WRD monitors the Rainbow Forest well (see PEFO Water 
Resource Scoping Report for details on park wells - NPS in print). 
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. The Kokopelli 
Tinaja, Puerco River, and Puerco Well No. 2 at PEFO are included in this inventory. 
 
Literature Review 
The recent Water Resources Scoping Report (NPS in print) provides a review of the pertinent water 
resources issues at PEFO, and presents a selected references section that is provided here as part of the 
bibliography.   
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The park’s Resource Management Plan (1994) does not specifically identify water resource issues, but 
clearly notes a need to maintain healthy systems and conduct baseline resource inventories.  To that end, 
the park recently procured funding for a project to characterize PEFO’s riparian communities.  
 
The water quality baseline report (NPS 1999) reported that trace metal and radionuclide contamination 
may be an issue in the park, but more clearly related that lack of data for PEFO.  Few to no to other 
studies or reports related water quality monitoring were found at PEFO. 
 
Literature Cited and Bibliography 
Author unknown. Several years. Park files on Tamarisk Control. Petrified Forest National Park, Arizona. 
Aughenbaugh, D. M.  1970.  Water Supply Survey at Petrified Forest National Park, Arizona. National 

Park Service, Office of Land Acquisitions and Water. San Francisco, CA. 
Berghoff, K.  1995.  Capitol Reef National Park Tinaja Wetland Survey -- Summary Report. National Park 

Service Water Resources Division Files, Fort Collins, Colorado. 
Bowman, C. B.  1991.  Tamarisk Control Program 1987 – 1990: Petrified Forest National Park. Petrified 

Forest National Park (internal report dated March 13, 1991). Petrified Forest, Arizona. 18 pp. 
Engineering-Environmental Management, Inc.  2003. Draft General Management Plan 

Revision/Environmental Impact Statement. Petrified Forest National Park, Arizona. 
Hart, R. J., J. J. Ward, D. J. Bills, and M. E. Flynn.  2002.  Generalized Hydrogeology and ground-water 

Budget for the C Aquifer, Little Colorado River Basin and Parts of the Verde and Salt River 
basins, Arizona and New Mexico. Water Resources Investigations Report 02-4026. US 
Geological Survey Water Resources Division. Tucson, Arizona. 

National Park Service.  1994.  Resource Management Plan. National Park Service. 
National Park Service.  1999.  Baseline Water Quality Data Inventory and Analysis – Petrified Forest 

National Park.  National Park Service Water Resources Division Technical Report 
NPS/NRWRD/NRTR-99/240. 

National Park Service.  2001.  Management Policies 2001. U.S. Government Printing Office, Washington, 
D.C. 

National Park Service.  In press.  Petrified Forest National Park Water Resources Scoping Report. Fort 
Collins, Colorado. 

Petrified Forest National Park.  1991.  Final General Management Plan, Development Concept Plans, & 
Environmental Impact Statement, Petrified Forest National Park.  
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Petroglyph National Monument 
Hydrogeologic Setting  
Petroglyph National Monument (PETR) is located in central New Mexico about two miles west of the Rio 
Grande.  The West Mesa, a 17-mile escarpment that formed when volcanoes erupted approximately 
130,000 years ago, lies within the Albuquerque basin of the upper Rio Grande drainage. PETR extends 
for more than 8 miles from Piedras Marcadas Canyon at the north end to Mesa Prieta at the south end, 
encompassing several geologic features, including five major volcanic cones, two geologic windows (also 
known as kipukas), and several caves (lava tubes) that resulted from historic volcanic activity in the 
region. 
 
A basaltic cap atop the West Mesa overlies the Santa Fe Formation, composed of sandstone and gravel 
layers.  The basalt cap at the edge of the escarpment has eroded and broken into large boulders on 
which the petroglyphs were carved and chipped.  The cap serves an almost impervious layer and 
precipitation does not readily infiltrate, but instead moves as sheet flow over the cap and escarpment 
boulders during intense storms, and down along established paths, rills, gullies and arroyos.  Erosion is 
both a natural process here and an aggravated situation since development almost surrounds the park.  
Gellis (1993, 1996) was contracted to assess gully erosion in light of effects on the park petroglyphs,  
drainage alterations, and proposed developments . 
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Significant Water Resources 
Surface water resources of PETR include several ephemeral arroyos that drain the lava surfaces.  
Piedras Marcadas Canyon, North and South Boca Negra Arroyos, North and South San Antonio Arroyos, 
North Rinconada Arroyo, Ladera Arroyo, and Mierhaven Arroyo are the most significant drainages in the 
park.  Piedras Marcadas Canyon has served as a dumping ground for construction material.  North Boca 
Negra Arroyo passes through two of PETR’s units.  This drainage is 16 km long in total, but only 2.8 km 
occur within PETR boundaries.  The remaining arroyos plus Piedras Marcadas Canyon contribute 7.4 km 
of stream corridor within the park when stormwater runoff fills the drainages.  Although no permanent 
sources of water exist at PETR, there are several ephemeral pools in the basalt rock that are important to 
amphibians and other wildlife species.   
 
PETR lies within the city limits of Albuquerque, and is jointly owned and managed by the National Park 
Service, the State of New Mexico, and the City of Albuquerque. 
 
There are two unused wells near the PETR Visitor Center. Neither of these is currently monitored and 
relatively little is known about them.  Water and sewer utilities are provided by the City of Albuquerque. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Ephemeral drainage ecosystems 
 
 

Petroglyph National Monument Natural Resource Waters1 

Streams (all ephemeral) 
Piedras Marcadas Canyon 
North Boca Negra Arroyo 
South Boca Negra Arroyo 
North San Antonio Arroyo 
South San Antonio Arroyo 
North Rinconada Arroyo 
Ladera Arroyo 
Mierhaven Arroyo 

Other 
Unnamed ephemeral pools 

1-reported by Petroglyph National Monument natural resource staff 
 
 
Management and Scientific Issues 
There are no 303(d) listed waters or ONRW waters within Petroglyph National Monument. 
 
PETR was established in 1990, as a result of increasing urban encroachment and the desire to preserve 
the area’s petroglyphs.  Urban development surrounding PETR has altered drainage patterns.  Existing 
roads and other surface alterations on the mesa surface have increased surface water runoff through the 
parks drainages.  The drainages within PETR currently are at capacity and cannot handle higher flows 
(Gellis 1993, 1996).  Historic drainage paths may already have been disrupted by development, and 
these project proponents constantly request PETR for permission to route additional stormflow drainage 
through the arroyos in the park unit.   
 
Recently a new development proposed moving its stormwater through Piedras Marcadas Canyon, but 
through cooperation with the Albuquerque Metropolitan Arroyo Flood Control Authority, the development 
instead moves water through a drainage to the north and outside of park boundaries (M. Medrano, 
Natural Resource Program Manager, PETR, 7/8/03).  Increased storm water flows can: 1) disturb 
petroglyphs, 2) degrade water quality, and 3) move large amounts of debris2.  One rain event in 1991, 
estimated to have a 50-year recurrence interval, produced 3 inches of rain in 45 minutes. 
 

                                                      
2 Approximately 10 cubic yards of material ended up in the backyard of a house owner east of the park near 
Rinconada Canyon. 
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Alteration of flow via increased drainage resulting from development upstream may cause problems of 
erosion, siltation and general water quality degradation also affects Ladera and particularly Mierhaven 
arroyos.  There is a drainage easement in Mierhaven Arroyo in the park, and this opens the way for 
concrete channeling of the arroyo if all parties agree.  However, the Albuquerque Flood Authority works 
very closely with PETR to ensure the best manner of moving flows through or around the park. 
 
Within PETR boundaries, threats to water resources include the existence of old roads leading to old 
dump sites and increasing erosion and runoff in drainages.  One dump site, located in Piedras Marcadas 
Canyon on private ground but recognized as within PETR boundaries, has construction debris that may 
contain lead and asbestos contaminants. 
 
Several easements for power lines occur within PETR.  The easements typically have roads associated 
with them, and these roads may pose additional threats of erosion.  However, PETR works closely with 
the public utility commission of New Mexico (PNM) to reduce impacts associated with easements.  Other 
easements include those for a gas line. 
 
Review of water quality data indicated that surface waters of the region contained contaminants that may 
have come from anthropogenic sources.  Two monitoring stations within PETR on North Boca Negra 
Arroyo revealed fecal coliform counts higher than EPA bathing water criteria.  Metals and some organics 
including PCP exceeded standards in North Boca Negra Arroyo (National Park Service 1999).  Water 
quality and quantity are a concern in these ephemeral drainages in PETR. 
 
Scientific issues related to stormwater drainage include questions of runoff and its effect on ephemeral 
pools, and how changes in effective capacity (or flow) of the drainages may alter other natural and 
cultural resources in PETR. 
 
Project statements and/or identified needs (PETR 1999) relating to water resources include: 

Establish a full weather monitoring station 
Establish a full monitoring program for erosion 
Assess storm drainage capacities as development continues to occur (revisit Gellis work) 

 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Extreme encroachment of urban and industrial development  
o Water quality effects including contaminants 
o Drainage pattern disruption, channelization, surface runoffs at maximum capacity for park 

drainages 
o Impacts to soils, erosion and siltation 
o Effect of degraded air quality on water quality 

• Construction debris in Piedras Marcadas Canyon 
• Unregulated visitor use  
• Climate trends and extreme events 

 
Past and Current Inventory and Monitoring 
There is no current water quality or quantity monitoring program at PETR.  
 
PETR was funded in 1999 to establish a weather station that monitors relative humidity, 
evapotranspiration, precipitation, air and soil temperature, soil moisture, and solar radiation. 
 
The USGS/WRD operates a streamflow gaging station at Ladera Arroyo (08329938), and during 2005 the 
USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. North Boca Negra Arroyo, 
Ladera Arroyo, and the observation well near the visitor center at PETR are included in this inventory. 
 
Literature Review 
Both the Petroglyph National Monument Resource Management Plan (PETR 1999) and the General 
Management Plan (PETR 1996) promote the establishment of a comprehensive resource information 
base to monitor changes in resource conditions and to support scientific and educational objectives.  The 
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Resource Management Plan specifically identifies that water quality has not been thoroughly evaluated at 
PETR and that it will be a major issue as surrounding land is developed.  Storm drainage was also 
identified as an issue in this document. 
 
NPS (1999) summarized water quality data collected at sites in and near PETR from 1937 through 1996. 
Parameters including trace metals and chlorinated hydrocarbons exceeded EPA criteria.  Gellis (1993, 
1996) studied the carrying capacity of drainages within PETR and concluded that in three gully networks 
channels are actively deepening and widening. 
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Rainbow Bridge National Monument 
Hydrologic Setting and Significant Water Resources 
Rainbow Bridge in Rainbow Bridge National Monument (RABR) is the world's largest natural bridge and is 
of great scientific interest as an example of eccentric stream erosion.  It sits within Bridge Canyon and is 
contiguous with Glen Canyon National Recreation Area, which is responsible for its management.  
Rainbow Bridge was formed by the erosive action of Bridge Creek as it carved through the relatively soft 
Navajo Sandstone to the harder Kayenta Sandstone.  When the Colorado Plateau uplifted a few million 
years ago, river gradients steepened and cut many deep canyons into the plateau.  Initially, water flowing 
off nearby Navajo Mountain followed a path of least resistance across the sandstone and a drainage, 
known today as Bridge Canyon, was carved deep into the rock.  At the site of Rainbow Bridge, the Bridge 
Canyon stream flowed in a tight curve around a thin vertical fin of soft sandstone that jutted into the 
canyon and eventually created the arch seen today.  
 
The only source of water in RABR is Bridge Creek, which flows intermittently under Rainbow Bridge and 
into the waters of Lake Powell.  Lake Powell inundates most of the original Bridge Creek drainage.  
 
Rainbow Bridge is a sacred place to Native American Tribes, providing a link to traditional religious beliefs 
and their cultural identity.  Bridge Creek also serves as a water source for wildlife species including 
amphibians, birds, and fish. 
 
No public water supply is provided at RABR. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Rainbow Bridge and its environs are sacred to Native American tribes 
• Water source for wildlife 
• Riparian habitat 

 
Rainbow Bridge National Monument Natural 

Resource Waters 

Streams 
Bridge Creek (intermittent) 

 
 



Southern Colorado Plateau Network Phase Three – Appendix C – SCPN Water Resources 

- C90 - 

Management and Scientific Issues 
Most visitors to the bridge reach RABR by boat; potential impacts on Bridge Creek resulting from high 
levels of visitation are a concern.  The invasion of non-native plant species such as saltcedar (Tamarix 
spp.) also poses a problem. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Invasion of exotic plant species 
• Visitor impacts  
• Climate trends and extreme events 
 

Past and Current Inventory and Monitoring 
There have not been any water-quality monitoring efforts at RABR (NPS 1994). 
 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. Bridge Creek at 
RABR is included in this inventory. 
 
Literature Review 
The baseline water quality data inventory and analysis report for Glen Canyon includes RABR (NPS 
1994). 
 
Literature Cited and Bibliography 
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Salinas Pueblo Missions National Monument 
Hydrogeologic Setting  
The three units of the Salinas Pueblo Missions National Monument (SAPU), Abó, Gran Quivira, and 
Quarai, are located in the Estancia Basin southeast of Albuquerque, New Mexico.  Sedimentary rock from 
the Permian Age comprises most of the surface rock observed around SAPU.  At the Gran Quivira unit, 
outcrops of San Andres Limestone provided the building material for pueblo and mission structures.  Red 
sandstone of the Abó Formation served a similar function at the Abó and Quarai sites.  The principle 
water-bearing units are the Abó Formation, a dark red sandstone, siltstone, and shale formation, and the 
Yeso Formation, a siltstone, fine-grained sandstone, gypsum, and limestone. 
 
Each of the SAPU units lies within a different watershed.  The Abó Unit lies within the Cañon Espinoso 
watershed, whose waters arise from the Manzano Mountains.  The Quarai unit lies within the upper 
watershed of the Cañon Sapato.  Gran Quivira is located on a wind-blown mesa on the escarpment of the 
Chupadera Mesa. Water from these watersheds flows toward the closed Tularosa Basin (NPS 1997).  At 
the Gran Quivira unit, the Yeso Formation lies more than 122 meters below the San Andreas Limestone 
and is about 308 meters thick; this and a lack of surface drainages contribute to a lack of water resources 
within the Gran Quivira unit.  
 
Significant Water Resources 
The Abó unit is crossed by two drainages with at least two perennial pools.  These waters drain south to 
Abó Arroyo.  The most western drainage at Abó is more prone to flash floods as a result of a bedrock 
streambed and less vegetation.  The eastern drainage is vegetated and supports two perennial pools.  A 
private inholding exists in the Abó unit. A perennial spring with good water quality is located on this 
property. 
 
The Quarai unit has one main drainage flowing on the south side of the mission and two drainages which 
flow from the northwest towards the mission. The main drainage flows east to Arroyo de Manzano and 
into the Estancia Basin and generally supports 5 pools. Two springs also exist in this unit. 



Southern Colorado Plateau Network Phase Three – Appendix C – SCPN Water Resources 

- C91 - 

 
All of these drainages receive their water from snowmelt and stormwater runoff, and springs typically 
emanate from either the Abó or Yeso formations.  Perhaps a lens within the Abó Formation captures 
percolated water in a shallow aquifer and guides it out to springs.  In summary, approximately 3.03 km of 
intermittent streams flow through the Abó and Quarai units.  There are no significant water resources at 
the Gran Quivira unit.  
 
Water sources at SAPU are a natural and cultural benefit. Riparian and wetland areas associated with 
water at Abó and Quarai attract migratory birds. These waters are closely linked to SAPU’s archeological 
sites, providing a cultural continuum from prehistoric Native American to historic Native American to 
Hispanic peoples to the present day visitors. 
 
There are four wells at SAPU. Two wells exist at the Abó unit. One of these wells supplies water for 
visitors and has a depth of approximately 9 meters to the water table. The other well is located northwest 
of the visitor center.  The well at the Quarai unit is 28 meters deep and the depth to water table is typically 
about 6 meters.  The Gran Quivira unit well is 197 meters deep and the water table is typically 188 meters 
below land surface. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water sources for wildlife  
• Riparian and wetland habitat 
• Association of water presence with continuous occupation of the site from prehistoric and historic 

Native American peoples through the present day 
 

Salinas Pueblo National Monument Natural Resource Waters 
Abó unit Western drainage (intermittent) 
Abó unit Eastern drainage (intermittent) 
Abó unit 2 Perennial pools in eastern drainage 

Abó inholding Perennial spring  
(not included in park lands) 

Quarai unit South side main drainage (intermittent) 
Quarai unit 5 Perennial (?) pools in south side drainage 
Quarai unit 2 Northwest drainages (intermittent) 
Quarai unit 2 Unnamed springs 

 
 
Management and Scientific Issues 
There are no 303(d) listed waters or ONRW waters in SAPU. 
 
Commercial and urban development on adjacent lands impacts the natural resources of SAPU.  
Subdivisions and associated developments such as roads are altering water quantity by depleting the 
groundwater source.  Uncertain water rights and anthropogenic alterations to groundwater sources are 
threatening flow rates of springs in the Quarai unit.  Drawdown of the water table is critical, since SAPU 
relies on the wells in the Abó and Yeso Formation for its drinking water.   
 
Subdivisions and associated development can contribute to non-point source pollution in drainages.  
Sediment, hydrocarbons, nutrients, metals, sewage effluent and other organics may be released to 
surface water, causing contamination.  Mining, logging, and grazing activities outside the park contribute 
to water quality degradation and increased erosion rates. 
 
Within SAPU, flow of water through arroyos at the Abó unit is washing prehistoric and historic material out 
of the soil.  Vegetation overgrowth at Quarai is clogging the waterway forcing water into new drainage 
patterns that have resulted in severe damage to the trail system and foot bridge, and threaten the 
Mission/Convento complex. 
 
Invasion of exotic riparian vegetation, specifically tamarisk and Russian olive at Abó is a particular 
problem associated with water resources there. 
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Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Commercial and urban development 
• Groundwater extraction threatens surface flows 
• Resource extraction (gravel pits, timber harvest) 
• Erosion from activities outside the park units 
• Erosion from flow in drainages is impacting cultural resources in the Abó unit 
• Invasion by exotic plant species 
• Climate trends and extreme events 

 
Literature Review and Past and Current Inventory and Monitoring 
The Resource Management Plan (SAPU 1997) recognizes that baseline monitoring is essential to 
understanding natural resources, particularly water.  Recent water quality data are lacking and long-term 
water quality data are sparse. Without baseline data, it is difficult to properly assess the condition of 
resources or even identify threats; a lack of data renders it difficult for park management to make well-
reasoned decisions on how to properly manage the water resources. 
 
The water quality inventory and analysis report (NPS 1997) for SAPU identified six stations within SAPU 
that have been monitored.  A one-day synoptic survey occurred in 1994, and water quality samples from 
23 sites in and near SAPU were collected.  Measurements of pH during the late 1970s exceeded EPA 
criteria for freshwater aquatic life at two springs in the Abó Unit.  
 
A water resource management study (NPS 1982) for SAPU includes a physical description of water 
resources at each of the three units of SAPU with maps and drawings.  Earlier Borton (1969) described 
the water supply for Quarai State Monument.  The report also mentions water rights, water quality, and 
water resource issues.  The Army Corps of Engineers completed a floodplain study for the Monument in 
1985.  More recently Shomaker & Associates (1996) prepared a regional water plan for the Estancia 
Basin, including hydrogeological studies, water quality information, land use, and potential well locations. 
 
A Water Resources Management Plan was completed by the National Park Service (1997), briefly 
describing water features at the three units and reiterating the lack of information on flows of the Quarai 
springs, on flood peak flows and sedimentation at the Abó unit, or on erosion in any unit.  Little is known 
about water quality, aquatic life, or the wetland and riparian areas at the Quarai and Abó units, and no 
meteorological stations exist at these units.   
 
Several studies describe the hydrology of the closed basin referred to as Estancia Basin (Meinzer 1911; 
DeBrine 1971; White 1994). 
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Sunset Crater Volcano National Monument 
Due to a lack of perennial water, no water chemistry or aquatic macroinvertebrate monitoring is proposed 
for SUCR at this time. 
 
Hydrologic Setting and Significant Water Resources 
Sunset Crater Volcano National Monument (SUCR) is dominated by a volcanic landscape.  The Sunset 
Crater cinder cone, a very recent geological feature, and the northern half of Lenox Crater cinder cone lie 
at the southeastern and southwestern corners of SUCR respectively.  The Bonito Lava flow and deep 
volcanic cinder deposits cover most of the area north of these cones.  The process that created the 
volcanoes left many other volcanic features including spatter cones around now dormant gas vents, 
wedge-shaped squeeze-ups, lava tubes, and ice caves.   
 
Surface water resources are virtually non-existent within SUCR, with the exception being local 
catchments upon lava flows and seepage areas around the perimeter of lava flows.  The regional C 
aquifer is relatively deep beneath SUCR. This aquifer has been the subject of recent and continuing 
studies of regional hydrogeology (USGS 2002) and is the source of SUCR’s drinking water supply.  Water 
collects briefly in depressions on the lava flows, but soon evaporates or infiltrates into the aquifer below.  
Ephemeral waters in the park are important for wildlife such as pronghorn, and for small groves of plants 
at the toes of lava flows.  There are no known springs or intermittently flowing washes or drainages. 
 
SUCR obtains its drinking water from Doney Park Water, a private water supplier.  The company operates 
wells developed in the C aquifer. 
 
Key values associated with water quality and aquatic ecosystems: 

• Ice cave physical and ecological systems 
 

Sunset Crater National Monument Natural 
Resource Waters 

Water in ice caves 
 
Management and Scientific Issues 
Since water resources are limited at SUCR, threats are limited as well.  Development for visitor access, 
visitor use, and administrative activities within SUCR may threaten seeps and the fauna and flora they 
support at the base of lava flows. 
 
Cinder Lake landfill is 3.2 km south of SUCR.  Staff are concerned that leachate from the landfill may 
contaminate the regional aquifer. 
 
Severe drought and climate change are of importance to this park unit and others in the SCPN. 
 
Threats/concerns related to water quality and aquatic ecosystems: 

• Visitor use, especially off-highway vehicle impacts 
• Air quality impacts, dust and particulates 
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• Climate trends and extreme events 
 
Past and Current Inventory and Monitoring 
The USGS/WRD monitors depth to water in numerous wells near Flagstaff, including Doney Park Water’s 
Bonito Well #2. 
 
Literature Review 
Few water resources exist at SUCR and documentation is limited to data collected as part of the regional 
aquifer monitoring program (USGS 2002).  The Resource Management Plan and the General 
Management Plan (SUCR 1996; 2001) have brief sections on water resources.  The water quality data 
inventory and analysis (NPS 1996) found no water quality data records for the monument. 
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Walnut Canyon National Monument 
Hydrologic Setting 
Walnut Canyon National Monument (WACA) is located near Flagstaff in the Mogollon highlands-
Coconino Plateau region of northern Arizona.  Walnut Canyon is eroded into sedimentary rock layers of 
the Kaibab Limestone and Coconino Sandstone formations.  The drainage of Walnut Creek became 
entrenched in the canyon as the formations were locally uplifted. Surface-water flow through the canyon 
has been severely altered by two dams constructed in 1897 and in 1941 (USGS 2001; Brian 1992).  Prior 
to 1900, the creek is believed to have intermittently flowed through the bottom of Walnut Canyon on a 
biannual cycle.  Reliable flows typically occurred early each year during the period of spring snowmelt, 
and less predictable flows likely occurred later each year during the summer and fall thunderstorm 
season.  Presently, snowmelt and rainfall support the very limited flow that occurs in the canyon (Brian 
1992). 
 
Significant Water Resources 
At least two springs in WACA are supported by a shallow ground-water system (USGS 2002).  In 
addition, numerous localized seeps have been recorded in the fractures and bedding planes of the steep 
canyon walls.  Prominent seeps are also found in the tributary canyons on the south side of WACA. 
Ground water beneath WACA is found at a depth greater than 1,000 feet within the regional Coconino 
Aquifer. 
 
Pools associated with ephemeral flows, springs, and seeps provide important water sources for wildlife.  
The sub-surface waters and previous intermittent flows in the canyon provided water for a diversity of 
plant species including Arizona walnut.  The current lack of a natural flow regime may impede 
regeneration of this species (Brian 1992).  
 
WACA’s water supply comes from a well at the Visitor’s Center. Water levels in the well are typically 
greater than 1,000 feet below land surface. 
 
Summary of key values and resources associated with water quality and aquatic ecosystems: 

• Water source for wildlife  
• Localized wetland habitat at seeps 
• Riparian habitat in canyon bottom 
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Walnut Canyon National Monument Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total length 
(km) 

Streams      
Walnut Creek 5 16.5   16.5 
Unnamed 6 3.7   3.7 

Pools and Seeps      
Lower Walnut Canyon seep      
Middle Walnut Canyon seep      
Cherry Canyon pools and seeps      
Localized ephemeral seeps      
Unnamed pools persisting in canyon 
following streamflow      

 
 
Management and Scientific Issues 
Both external and internal threats to WACA’s water resources exist. The external threats include: 1) 
upstream diversions that occurred in the late 1890s and 1940s, 2) adjacent land uses, and 3) livestock 
grazing and timber harvesting. Additional concerns include visitor use and trespass, non-point source 
pollution, and fire effects. 
 
The natural hydrology within the Walnut Canyon drainage was severely altered in the 1940s when the 
City of Flagstaff impounded Walnut Creek for use as a public water supply.  The water is impounded in 
Upper and Lower Lake Mary.  Collectively, these reservoirs have greatly decreased seasonal water flows 
within the canyon, modified sediment transport, and decreased available moisture.  In the last 70 years, 
the dewatering of the drainage has changed the composition of riparian plants and has likely impacted 
the diversity of aquatic invertebrates and amphibians.  Tree species such as Arizona walnut (Juglans 
major) are not regenerating under the current flow regime (Brian 1992).  
 
Development of annexed lands to the north and west of WACA could significantly increase non-point 
source pollution, such as motor and exhaust residue from streets, fertilizers and herbicides from lawns, 
sewage, pet wastes, and sediment.  Also, adjacent land uses are negatively impacting local recharge of 
shallow and deep aquifers (Brian 1992). 
 
Other external threats include grazing impacts on the watershed, proliferation of roads, and catastrophic 
fires coming from adjacent lands.  These impacts may increase erosion and sedimentation within the 
canyon.  Grazing impacts on Anderson Mesa present a limited threat; however, fire either within or 
external to the park presents a threat of subsequent flooding and erosion. 
 
Within the park, non-point pollution from the visitor center parking lot, maintenance area, and sewage 
lagoons poses a threat.   
 
Visitation has increased demands on park resources, resulting in documented loss of some resources 
through erosion.  Some areas near WACA incur ATV use and rock climbing, which is causing local soil 
compaction, loss of vegetative cover, and erosion.   
 
From a scientific aspect, WACA is interested in 1) the quality and quantity of the Cherry Canyon pools 
and seeps, 2) the long-term surface hydrology, including pre-dam flows, in Walnut Canyon, 3) a 
continuance of studies relating surface flow, channel cross-sections, and sedimentation in Cherry and 
Walnut canyons, and 4) a complete geologic inventory including a mapping of joint and fracture systems. 
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Summary of threats/concerns related to water quality and aquatic ecosystems: 
• Non-point source pollution if the City of Flagstaff develops lands within Walnut Canyon watershed 
• Increased sediment yields from timber sales 
• Livestock grazing on south side of canyon 
• Non-point source pollution from NPS operations at visitor center, parking lot, maintenance shops, 

and sewage lagoons 
• Off-highway vehicle use in Walnut Canyon 
• Potential for wildfire in park and on adjacent lands 
• Climate trends and extreme events 
• Historical alteration of hydrologic function by damming of flows in Walnut Canyon 

 
Past and Current Inventory and Monitoring 
Water quality monitoring, conducted by the State of Arizona, WACA, and the USGS/WRD, and 
documented in NPS (1999) occurred in the vicinity of Walnut Canyon National Monument in the 1970s 
and 1980s.  No monitoring stations were located in WACA during these periods.  More recently, the 
USGS/WRD in Flagstaff conducted a Level 1 Water Quality Inventory that included two springs and one 
well at the Monument (Thomas 2003).  Additionally, the USGS (2000) has studied the hydrogeology of 
the regional aquifer near Flagstaff, AZ.  Additionally, ongoing studies of the hydrogeology of the Coconino 
Plateau encompass Grand Canyon National Park, Wupatki National Monument, and Sunset Crater 
National Monument (USGS 2002).  
 
To assist in quantifying peak flow levels in WACA, NPS-WRD funded the installation of six crest-stage 
gages along Walnut Creek and in Cherry Canyon. 
 
Literature Review 
The General Management Plan (2001) recognizes the value of WACA’s intermittent streams and seeps 
and the extent to which they support riparian and wetland plant communities.  The plan also recognizes 
potential impacts to these resources from adjacent development and land use and from visitation. 
 
The water quality data inventory and analysis revealed no monitoring stations in the park and found that 
pH exceeded EPA criteria at Upper Lake Mary (NPS 1999). 
 
Several studies pertain to WACA’s water resources and they include information relating the presence of 
pools in 1884 (San Francisco Call 1884 in Plateau, no date), the construction of dams upstream from the 
present-day Monument boundary (Myrick 1998), and the capture and storage of water during the 
canyon’s early occupation (Downum et al. 1995).   
 
A pool survey of Walnut Canyon (Ellis 1973) documented the occurrence of sustained flows in the canyon 
in 1949 and 1973.  The study provided a physical and biological inventory, including an aquatic 
invertebrate survey, of ephemeral pools in the canyon bottom.  Brian (1992) provided an historical review 
of water flow at WACA.  She noted that stream flow may have been perennial in the distant past, but in 
the past one hundred years, water flowed only during rain and snowmelt events.  A memo from NPS 
(1996, water file folder) again begs the question to what extent did water flow in the canyon in the distant 
past.  The memo concluded that enough evidence of slack-water deposits existed to perform a paleo-
flood reconstruction.  Pollen results from alluvial terraces revealed that the eastern canyon did not contain 
a perennial stream over the time of the soil samples (Smith 1999). Phillips (1990) conducted a riparian 
inventory and established vegetation transects and permanent vegetation transects across the canyon 
bottom.  The study resulted in a map of plant associations along the canyon. 
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Wupatki National Monument 
Hydrologic Setting 
Wupatki National Monument (WUPA) is largely included within the upland watershed that drains the east 
and northeast San Francisco Mountain slopes.  WUPA overlays the Doney Fault and Black Point 
Monocline and is roughly divided in half by the Doney Fault, with each half having distinct geology, 
elevation, and dominant vegetation.  At lower elevations to the east of the fault, WUPA is dominated by 
sandstone and shale geologic formations, saline soils, and open desert scrub vegetation.  At higher 
elevations to the west of the fault, WUPA is dominated by limestone and volcanic formations, fertile soils, 
and juniper savanna and grassland vegetation.   
 
The primary bedrock layers exposed at WUPA are the Kaibab Limestone and Moenkopi Formation (Blyth 
1995; McCormack 1989). Unique local subterranean features, described as "karst" or "earthcracks", are 
found within the western half of WUPA. These sinkholes and earthen crack features provide local 
conduits for groundwater recharge. 
 
The Little Colorado River flows intermittently along the northeast corner of WUPA.  This river drains a 
large area in northeastern Arizona and carries a large and saline sediment load. 
 
Significant Water Resources 
Surface water resources in WUPA include the Little Colorado River; several springs, seeps, and washes; 
and tinajas and rock pools.  The only perennial water sources within WUPA are Peshlaki and Heiser 
Springs, both located in the southeastern portion of the Monument.  Peshlaki Spring provides the only 
perennial source of water for wildlife, although it is only accessible through a deep dug-out hole that may 
pose a hazard to small animals.  Heiser spring has good water quality and flow and has been developed 
as three cased wells.  WUPA has proposed to restore the historic state of the 3 spring boxes and remove 
the wells. Six thousand years of recorded use has occurred at this spring.  A third spring, Wupatki Spring, 
was active and flowing until the mid-1950s when the water flow began to diminish for unknown reasons, 
eventually drying up completely.   
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The intermittent Little Colorado River flows for approximately 2.0 kilometers along the northeast boundary 
of WUPA.  The Little Colorado River supports a degraded riparian area. Antelope, Citadel, Dead Man and 
Kanaa Washes are the largest drainage corridors that run through WUPA, and they may have water 
running in them during and after large rain events.  Dead Man Wash has a very high potential for riparian 
restoration; currently it supports tamarisk. There are also about 20 smaller washes and arroyos 
throughout WUPA that have similar drainage patterns.  WUPA also supports tinajas and rock pools which 
serve as ephemeral sources of water. 
 
There are two wells within WUPA: the Visitor Center’s well, which serves as a water supply but is 
brackish, and the unused Citadel well. 
 
Summary of key values and resources associated with water quality and aquatic ecosystems: 

• Water sources for wildlife 
• Riparian and wetland habitat 
• Historical association of springs with human occupation 

 
Wupatki National Monument Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
length (km)

Number 
perennial 
reaches 

Perennial 
length 
(km) 

Total 
length 
(km) 

Streams      
Antelope Wash 1 11.3   11.3 
Ball Court Wash 1 0.8   0.8 
Citadel Wash 3 6.7   6.7 
Deadman Wash 4 12.8   12.8 
Doney Mountain Wash 2 8.2   8.2 
Heiser Wash 2 4.6   4.6 
Hulls Wash 2 2.7   2.7 
Kanaa Wash 7 9.6   9.6 
Little Colorado River 2 2.7   2.7 
Unnamed washes 33 70.9   70.9 

Springs      
Peshlaki Spring      
Heiser Spring      
Unnamed seeps      

Other      
Coyote Water ephemeral pool      
3 unnamed ephemeral pools in Deadman 
Wash      

Several persistent pools in Little Colorado 
River bed      

4 unnamed prehistoric ephemeral 
impoundments      

 
 
Management and Scientific Issues 
Of great concern to WUPA is the degradation of riparian habitat along the Little Colorado River.  
Upstream impoundments, irrigation diversions, groundwater withdrawals, livestock grazing, uranium 
mining, and invasion by non-native tamarisk (Tamarix spp.) and camelthorn (Alhagi maurorum) have 
altered the riparian corridor along the Little Colorado River.  External to WUPA, general trampling and 
lack of care for the riparian area of the Little Colorado contributes to vegetation loss, further erosion, and 
sedimentation.  Livestock trespass and sheep grazing within the park affect the Little Colorado River by 
removing vegetation and thereby increasing erosion and sedimentation. 
 
Depletion of water resources by water impoundment, diversion, and pumping are problems identified by 
park staff.  The springs within WUPA are degraded resources, as they were developed to provide drinking 
water for historic ranching and NPS operations.  The quantity of water available to the WUPA area may 
be decreased, since a part of the recharge area is the San Francisco Mountains and most water within 
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the Inner Basin of this range is utilized as part of the public water supply system for the City of Flagstaff.  
Potential development along Hwy 89 may contribute to further depletion. The USGS (2000) and Hart et 
al. (2002) focused on the hydrogeology of the Flagstaff area and the Little Colorado River.  
 
Potential mineral (oil, natural gas, uranium) and geothermal development on State Trust lands within 
WUPA and on surrounding Trust, Federal, Tribal, and private lands is a concern.  Mineral extraction can 
deplete water resources and release contaminated soils to the ground surface.  Uranium test pits on 
adjacent Navajo lands east of the Little Colorado River may impact river water quality.   
 
The discharge path of the Luepp or Winslow sewage treatment plant is unknown and WUPA is interested 
in investigating this concern.  Additionally, any future discharge of the coal-fired power plant at Winslow or 
Luepp may increase atmospheric deposition of mercury.  As with other network parks, WUPA has 
concerns regarding drought and global climate change. 
 
WUPA staff encourages studies to increase understanding of the hydrology of the springs, the Little 
Colorado River, and other drainages. NPS would also like to continue monitoring of the Citadel well with 
or without USGS involvement, initiate long-term monitoring of water quality and quantity at Peshlaki and 
Heiser springs, and follow up on water quality testing at Black Falls Crossing on the Little Colorado River 
The monument would like to conduct geomorphological studies of Dead Mans Wash, remove exotic 
plants, and restore cienega and riparian corridor areas. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Livestock grazing impacts 
• Resource extraction - uranium and/or coal 
• Municipal effluent - Leupp or Winslow 
• Road widening 
• Encroachment of development on west side of U.S. Highway 89 
• Future industrial discharges at Leupp or Winslow 
• Increased sediment from continued loss of vegetation in watershed 
• Exotic plant and animal invasion 
• Climate trends and extreme events 
• Reduced flows in all springs, complete loss of flow at Wupatki Spring ~50 years ago 
• Modified channel of Little Colorado River 

 
Past and Current Inventory and Monitoring 
The USGS/WRD monitors selected wells developed in regional and perched aquifers in northern Arizona 
(USGS 2002). Heiser Spring, Peshlaki Spring, and the Little Colorado River were included in a recent 
Level 1 Water Quality Inventory (Thomas 2003). The USGS/WRD maintained a stream gage on Little 
Colorado River (USGS 09401000) near WUPA. 
 
Literature Review 
The General Management Plan (WUPA 2001) lists restoration of springs and seeps as water sources for 
wildlife and to enhance wildlife habitat as one of its objectives.  This objective stems from the plan’s 
recognition of wetland and riparian values along the Little Colorado River, and at other washes, seeps 
and springs. 
 
Related to these objectives, WUPA has taken part in and has documented water quality and quantity 
through various efforts.  They include the baseline study completed by the WRD (NPS 1996) and 
archived quality and quantity data (WUPA archives) in superintendent’s reports, dissertations, and Steve 
Cinnamon’s work.   
 
The USGS (2000) studied the hydrogeology of the regional aquifer near Flagstaff, AZ, the C aquifer of the 
Little Colorado River (Hart et al. 2002), and is currently studying the geology and hydrology of the 
Coconino Plateau (USGS 2002). 
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Yucca House National Monument 
Hydrogeologic Setting and Significant Water Resources 
Yucca House National Monument (YUHO) lies in the Montezuma Valley between the Mesa Verde cuesta 
and Sleeping Ute Mountain.  The location is near the edge of an extensive rural farming and ranching 
area that is partially under irrigated cultivation.  To the west, north, and south of YUHO are sparse 
woodlands at the foot of Sleeping Ute Mountain on the Ute Mountain Ute Indian Reservation and desert 
shrublands of the valley floor. 
 
YUHO is situated on the Juana Lopez Member of the Mancos Formation, a late Cretaceous marine 
deposit of silty shales.  Quaternary terrace gravels, pediment deposits, alluvium, and loess soil cover 
much of the area's surface. Water resources at YUHO consist of three highly mineralized, perennial 
springs and the small wetlands supported by their short-distance flows.  These three sites are in close 
proximity to each other and may or may not be issuing from the same subterranean source.  The middle 
spring is the largest of the three and is the only dependable natural source of surface flow.  The south 
spring's flow may be enhanced from imported water at the stock pond immediately west of YUHO.  The 
springs afford suitable wildlife habitat and some limited riparian habitat.  These springs also have cultural 
and archeological significance.   
 
Colyer (no date, MEVE park files) provides a more complete list of 24 YUHO waters.  Many of these have 
dried up since the irrigation ditch west of YUHO has been piped in the last year (Win Wright, USGS, pers. 
comm., 7/10/03).  Personnel from the USGS/WRD sampled four sites within the Monument.  They include 
Ismay Spring (#1), West Pond (#2), Gate Marsh (#4), Middle Marsh (#6, also known as Main Yucca 
House Spring or Aztec Spring). 
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Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Water sources for wildlife  
• Riparian and wetland habitat 
• Cultural and archeological significance 

 
 

Yucca House National Monument Natural 
Resource Waters 
Ismay Spring (?) 

Middle Spring 
West Pond 
Gate Marsh 

 
 
Management and Scientific Issues 
There are no 303(d) listed waters or ONRW waters within the Monument. 
 
Within YUHO, management is concerned that seepage from Ute Mountain Ditch may not only harm 
YUHO, but may benefit it as well.  The ditch has been piped recently, eliminating leaks that provided a 
source of water supporting wetlands in YUHO. The wetlands provided habitat and increased species 
diversity at the site. Since piping many of the springs have dried up.  Additionally, since this is a cultural 
site of significance that has not been excavated, such work may require diversion of remaining spring 
flows to reduce impacts to excavation activities.  YUHO water resources are also being impacted by 
unsupervised and undirected visitor usage and occasional trespass of livestock from adjoining ranches.  
 
Threats from outside YUHO include: 1) regional application of Malathion, Tordon and algaecides for pest 
control, 2) development around the park since the land is privately held and up for sale, 3) water 
withdrawals from the local aquifer, 4) changes in irrigation practices, 5) atmospheric deposition, 6) gravel 
pit operations to the west of the existing monument which could cut through the existing aquifer, and 7) oil 
& gas exploration. 
 
Scientific issues associated with water resources include understanding the hydrogeology of the springs 
and how impacts to the local aquifer may affect those springs. 
 
Threats/concerns related to water quality and aquatic ecosystems: 

• Visitor usage of springs 
• Trespass livestock 
• Pesticide use on adjacent lands 
• Potential for development on adjacent lands 
• Resource extraction nearby (gravel pit, oil and gas exploration) 
• Poor understanding of spring hydrogeology and link to local groundwater conditions 
• Potential for increases in local groundwater extraction and water table decline 
• Climate trends and extreme events 
• Potential boundary change 
• Future archeological investigations may require spring flow diversion 
• Changes in imported water releases 

 
Past and Current Inventory and Monitoring 
The staff at Mesa Verde has monitored the water at the three springs in and near YUHO for several years 
with the most recent sampling occurring in 2001.  Analysis of water quality in the vicinity of YUHO 
determined that Ismay Spring, the closest monitoring site to YUHO, exceeded EPA standards for pH, 
sulfates, and cadmium (NPS 2000). The USGS/WRD office in Durango conducted an inventory and 
analysis of waters for Yucca House National Monument. Strontium levels appear to be particularly high in 
the most recent samples collected by the USGS/WRD. 
 
The following table provides a summary of efforts to monitor either water quality or quantity at the park: 
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Description of the 

monitoring and 
duration 

Entity conducting this 
monitoring 

 
Water resources 

affected 
Project inside 

park 
(Y or N) 

Comprehensive WQ 
study FY 2002-2004 

USGS – Win Wright  (Ismay Farm 
related to property acquisition) 

Springs Y/N 

Inventory of reptiles 
and amphibians 

NPS; 1999 to present Springs Y/N 

Leopard frog study NPS; 1990 to present Springs Y/N 
Mapping of springs 
and other water 
sources 

NPS Springs Y/N 

Metrological  data/UV 
radiation 

NPS; 2002 to present Springs Y 

Miscellaneous water 
tests 

NPS; 1976-2001 Springs Y 

Invertebrate surveys CSU –Boris Kontradieff, Paul 
Opler 

Springs Y 

 
In 2005 the USGS/WRD is conducting a Level 1 Water Quality Inventory in SCPN parks. Aztec Spring at 
YUHO is included in this inventory. 
 
There are no gaging stations or developed water supplies within YUHO. 
 
Important literature, studies, reports, park files and miscellaneous information are cited below. 
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Monument. Technical Report NPS/NRWRD/NRTR-99/252.  Water Resources Division, Fort Collins, 
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Natural Resource Manager, Yucca House National Monument.  1995.  Conditions of water resources at 
Yucca House National Monument. 

Mesa Verde National Park.  1996.  Resource Management Plan. National Park Service.  
Yucca House National Monument.  1999.  YUHO water analysis, chemical / organic [Yucca House 
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