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1. ABSTRACT: 

The proposed research will develop screening procedures and sampling protocols for the assessment of surface waters sensitive to atmospheric deposition in the Rocky Mountains, including Yellowstone National Park (YELL), Grand Teton National Park (GRTE), Glacier National Park (GLAC), Rocky Mountain National Park (ROMO), and Great Sand Dunes National Monument and Preserve (GRSA). Using GIS and multiple logistic regression a model will be developed that relates known surface water concentrations to basin physical characteristics and loading from atmospheric deposition, to identify the aquatic ecosystems most likely to be at risk to pollution from atmospheric deposition. The results of the analysis will then be validated through surface water sampling at sites in YELL, GRTE, GLAC, ROMO and GRSA. Screening procedures developed for this project are based on terrain and landscape information available to all participating parks. Because the screening procedure is based on available data, this is a pilot project that may be applicable to other National Parks with potentially sensitive surface waters. 

2. INTRODUCTION: 

A. Problem Statement:

Population growth, water use, and energy development over recent years have affected resources and natural environments in the western United States. Physical characteristics of high-elevation basins in the Rocky Mountains make them particularly susceptible to damage from nitrogen and sulfur deposition (Turk and Spahr, 1991). Identifying changes in water quality is important due to the sensitive nature of alpine watersheds. Yet, these environments are often very remote and it can be difficult to monitor long-term change. The proposed project will improve the understanding of the relationship between surface water chemistry, atmospheric deposition, and basin physical characteristics, and decrease the costs and resources commonly associated with designing and implementing regional water quality monitoring in alpine environments.
B. Background: 
Alpine/subalpine ecosystems in the western United States are vitally important because they provide habitat for amphibians and endangered species and because they form the headwaters of major river systems, supplying water for human consumption, agriculture, and industry throughout the region. These systems are subject to natural and human induced stressors that when combined, have the potential to alter habitat, ecosystem function, and seasonal and spatial patterns in water quality and quantity. Many high-elevation ecosystems in the Rocky Mountain region are within the boundaries of Class 1 Wilderness Areas and National Parks that are protected from air-pollution under provisions of the Clean Air Act Amendments (CAAA) of 1977. Park managers are required to monitor Air Quality Related Values (AQRVs) including high elevation lakes and streams, to ensure compliance with CAAA provisions. Pollutants in atmospheric deposition from local and regional sources may affect these areas (Peterson et al., 1998). Average annual atmospheric deposition maps of the Rocky Mountains identify regions of high nitrate, sulfate and acid deposition within National Park boundaries (Nanus et al., 2003), areas of high ammonium deposition have also been identified (Nanus et al., personal communication). 

In the Rocky Mountains, it has been determined that the most sensitive natural resources to inputs of nitrogen and sulfur are low acid neutralizing capacity (ANC) lake waters (less than 100 µeq/L of ANC) (Williams and Tonnessen, 2000). Many high elevation watersheds have deep, seasonal snowpacks that release a large amount of snowmelt in the spring (Campbell et al, 1995), and are highly sensitive to chemical inputs because they are underlain with thin soils and resistant bedrock that provide low ANC (Clow and Sueker, 2000). Clow et al. (2002) conducted a comparative water quality study among seven national parks in the western United States and identified parks in the Rocky Mountains as having the highest nitrate concentrations. 
The National Park Service is interested in developing long term monitoring programs in montane and alpine environments to protect aquatic ecosystems and need a scientifically defensible approach to focus their efforts on those most at risk. The combined use of logistic regression and GIS modeling to predict groundwater vulnerability to pollutants has been accepted by the scientific community as an approach for regional aquifer vulnerability assessments. However, risk assessments for surface water monitoring in alpine environments have been less developed and are poorly understood. The atmospheric deposition of pollutants in alpine environments is difficult to quantify due to the inherent patchiness of the data. Also, limited data is available to calibrate modeling efforts due to the difficulty of sample collection in remote environments. 

Successful application of a GIS modeling and multiple logistic regression approach was demonstrated in an aquatic ecosystem risk assessment for lakes in US Forest Service Wilderness areas in Oregon and Washington (Nanus and Clow, in review). Basin characteristics information was derived from GIS coverages (primarily geology and topography) and water chemistry data from the Western Lake Survey (Landers et al, 1987) was used to calibrate the statistical model (Nanus and Clow, in review). Results indicate that geology (p-value = .01) and mean slope (p-value = .02) were the most significant basin physical characteristics associated with alkalinities below 100 µeq/L, and approximately 63% of lakes had a greater than 50% probability of having alkalinities less than 100 µeq/L (Nanus and Clow, in review). The Hosmer-Lemeshow G statistic (1989) was 0.86, indicating a good fit.

The proposed study will build on previous assessments, as well as a current study in YELL and GRTE (Nanus et al., in progress) to develop screening procedures and sampling protocols for YELL, GRTE, GLAC, ROMO and GRSA. Turk (2001) developed a field guide for surface water sampling and data collection for the US Forest Service that includes protocol requirements for sampling lakes and streams with extremely dilute waters such as those found in the montane and alpine environments of the Rocky Mountains. Rutkowski and others (2001) used a GIS based model to assess surface water sensitivity to atmospheric deposition in Wilderness Areas of Nevada, Idaho, Utah and Wyoming. Rutkowski and others (2001) found that bedrock geology, vegetative cover, and elevation were significant predictors of low ANC surface waters. Wyoming wilderness areas, including Teton Wilderness, due to their geology and abundant lakes, were found to have low ANC waters. Berg and others (in review) conducted a similar study in California wilderness areas. 

Compilation of historical water quality data suggests that limited chemical data exists for high-elevation lakes in these sensitive regions (low-ANC). Many of these historic studies include incomplete chemical analysis of water samples, along with a lack of targeted survey design. What is needed is a more systematic approach to classifying landscapes to maximize the inventory of low-conductance lakes that are likely to be responsive to atmospheric deposition, snowmelt runoff and changes in hydrologic flux with changing climate patterns. Differences in environmental settings, including topography, geology and covertypes of high-elevation lake basins, support the need for individual assessments rather than a one-size fits all approach for the Rocky Mountains.

C. Specific Objectives to be Addressed:

The principal investigator and the USGS investigators will collaborate with the NPS-RM CESU and the NPS-Air Resources Division to accomplish the following:

Aquatic Ecosystem Risk Assessment: Compile GIS coverages and database for YELL, GRTE, GLAC, ROMO, and GRSA. Using these important landscape features, in addition to existing water chemistry data, cooperators will run predictive modeling for the 5 parks. This Phase 1 effort will build on the GIS models in preparation as part of a classification project funded by the Greater Yellowstone I&M network.  Steps in the analysis include: compile the GIS database, delineate basin boundaries, quantify basin characteristics, create database of all the existing lake chemistry data, create a predictive model using multiple logistic regression for each of the parks and determine where to sample during summer field seasons in FY04 and FY05. Product of this phase will be an administrative report that will be completed by September 30, 2004. An additional $50,000 of NPS funds will be obligated in FY 04 to complete this phase of the project.  
Model Validation and Development of Monitoring Strategy for Deposition-sensitive Waters: The model validation includes field sampling during summer 2004-2005.  $50,000 of NPS funds will be obligated in FY03 to the University of Colorado at Boulder for this phase of the project. Water samples from the selected lakes and streams will be analyzed at the Kiowa Environmental Chemistry Laboratory at the Mountain Research Station and Institute of Arctic and Alpine Research, University of Colorado at Boulder. Analysis will include the major anions, cations, ANC, pH, conductance, DOC, DON and total N. QA/QC procedures will be documented and the lab will participate in external audits. All samples will be checked by performing ion balances.

D. Project Managers:

NPS Key Official: Kathy Tonnessen, RM-CESU, University of Montana, College of Forestry and Conservation, Missoula, MT  59812, 406-243-4449, Kathy_tonnessen@nps.gov; and Tamara Blett, NPS-ARD, PO Box 25287, Denver, CO  80225, 303-969-2011, tamara_blett@nps.gov
INVESTIGATOR: Leora Nanus, USGS-WRD, Denver Federal Center, PO Box 25046, Denver, CO  80225, lnanus@usgs.gov, 303-236-4882, ext 250, and PhD student at University of Colorado, 450 UCB, Boulder, CO  80309-0450

UNIVERSITY CONTACT: Mark W. Williams, Associate Professor – Institute of Arctic and Alpine Research, University of Colorado, 450 UCB, Boulder, CO  80309-0450; (303) 492-8830; Mark.Williams@colorado.edu
Other Cooperators:  Donald H. Campbell, and David W. Clow, USGS-WRD, Denver Federal Center, PO Box 25046, Denver, CO  80225 
3. STUDY/IMPLEMENTATION PLAN:

A. Approach and Methods
The primary objective of the proposed study in YELL, GRTE, GLAC, ROMO, and GRSA is to develop screening procedures and sampling protocols for assessment of deposition-sensitive surface waters in the Rocky Mountains. Using GIS modeling and multiple logistic regression, a model will be developed for each park that assigns a probability for a high elevation lake to be sensitive to the atmospheric deposition of pollutants. We will relate available water quality data, including major ions, pH, and alkalinity to basin physical characteristics. Basin characteristics data are available from existing park coverages including vegetation, soils, elevation, and geology. Current levels of atmospheric deposition of pollutants, such as nitrate, sulfate, acidity (Nanus et al., in press) and ammonium will be added to these physical and landscape parameters. The model will be validated by sampling water quality at a subset of lakes (5-10%) selected based on the results of the statistical analysis. The results from this study will be used to make recommendations regarding the design of a long-term water-quality monitoring program. 

We will begin by studying each of the five parks individually then look for similar response across all parks to determine if a one-size fits all approach will be an appropriate method for screening and sampling alpine lakes in the Rocky Mountains. Basin physical characteristics that are easy to quantify such as geology, elevation, soils, vegetation, and catchment area may be significant variables for predicting aquatic ecosystem sensitivity. Other more dynamic variables driven by climate, such as atmospheric deposition loadings of nitrate, sulfate and acidity (Nanus et al., 2003) will also be calculated for each catchment. This type of modeling approach could be applied in other alpine environments with a high probability for the development of a robust model. The following specific work elements will be performed, including model development, validation and synthesis.

Model Development: 

GIS Analysis
1. A GIS database will be developed that will include the relevant GIS grids and

coverages, as well as sample locations and average annual deposition estimates (Nanus et al., 2003) and will include available surface water chemistry collected from high elevation lakes in YELL, GRTE, GLAC, ROMO, and GRSA. GIS data for each park will include the best available coverages and grids as follows:

Yellowstone National Park 

Digital Elevation Model 10-m

Lakes 1:24,000; 2109 polygons total, attribute data for 204 polygons (lake names)
Geology 1:100,000

Soils 1:125,000

Precipitation 1:125,000

Deposition (ammonium, nitrate, sulfate and acidity) 1:125,000

Vegetation Grid10-m
Aspect: generated from 30-m DEM

Slope: 30-m

Grand Teton National Park

Digital Elevation Model: 10-m 

Geology: 1:62,500

Soils 1:24,000

Covertypes: 1:62,500

Lakes: 1:24,000; 3447 polygons total, attribute data for 110 polygons

Deposition (ammonium, nitrate, sulfate, and acidity): 1:125,000

Glacier National Park

Digital Elevation Model: 10-m

Bedrock Geology: 1:125,000

Surficial Geology: 1:100,000

Soils: 1:24,000

Lakes: 1:24,000; 1382 polygons total, attribute data for 144 polygons 

Deposition (ammonium, nitrate, sulfate, and acidity): 1:125,000

General Landcover (vegetation): Landsat MSS source data were 68.5-m resolution pixels

Rocky Mountain National Park

Digital Elevation Model: 10-m 

Geology: 1:50000

Lakes: 1:24,000; 2742 polygons attribute data for 222 polygons

Soils: 1:24,000

Deposition (ammonium, nitrate, sulfate, and acidity): 1:125,000

Slope: 30-m

Covertypes: 1:24,000

Great Sand Dunes National Monument and Preserve (preliminary data search)

Sand Deposits (sand dunes, sand sheet and sabkha): scale unknown at this time

Hydrology: 1:24,000 park data not available will use 7.5-minute state quads

Vegetation: Planned as part of I&M, not available during this project

Deposition (ammonium, nitrate, sulfate, and acidity): 1:125,000

Soils: Planned as part of I&M, not available during this project

2. Basin boundaries for high elevation lakes with attribute data present at a scale of 1:24,000, will be delineated in ArcGrid from the 10-m Digital Elevation Model for YELL (204 lakes), GRTE (110 lakes), GLAC (144 lakes), ROMO (222 lakes) and GRSA (to be determined). For GLAC, YELL, ROMO, and GRTE we will be exclusively focusing on lakes (water bodies > 1 hectare), but depending on the number of lakes in GRSA it may be necessary to also include streams. For larger lakes that possess attribute data, the entire watershed, including nested basins will be included in the analysis. In ArcGrid all grid cells contributing flow to a specified lake outlet, also known as a basin pour point will be included in the basin. Basin boundary delineation will be rigorously checked in ArcInfo. To calculate basin area and lake/basin ratio it will be necessary to identify and include all basins within the watershed (catchment) basin boundary. This will require manually identifying all sub-basins in the nested basins, and summing their areas. However, for the additional 10,000 polygons (approx.) without attribute data but present on the 1:24,000 lakes coverage, basin boundaries will be delineated for each individual polygon but will not be added together; thus nested basins will not be accounted for but could be calculated from the polygon coverages created. 10-m Digital Elevation Models will be used to create slope and aspect grids (by 45 degree increments) for parks that do not have them. 

3. A geochemical ranking coverage will be generated for each park by reclassifying the lithology types from digital geologic maps into 6 different geochemical groupings that will be ranked from low to high ANC and associated sensitivity. Geochemical classification groupings will be specific to YELL, GRTE, GLAC, ROMO, and GRSA. 
Sample geochemical classification groupings and ANC as follows:
Class 1: Low to no ANC gneiss, quartzite, schist, granite

Class 2: Moderate ANC andesite, dacite, diorite, phyllite

Class 3: High ANC basalt, gabbro, wacke, argillite, undifferentiated volcanics

Class 4: Very High ANC amphibolite, hornfels, paragneiss, undifferentiated

metamorphic rocks

Class 5: Extremely High ANC metacarbonate, marine sedimentary rocks, marble,

calc-silicate, basic intrusive rocks

Class 6: Unknown

Other geologic classifications will include the presence of carbonates (which elevates ANC) and some identification of the physical geology. The physical geology will be evaluated by including the presence of major geologic contacts or faults within each lakes catchment. Some lakes could be affected by groundwater from other catchments where carbonates and/or bedrock with high buffer capacity are located (Berg et al., in review).  Contact or fault presence influences ANC to an unknown degree because of the uncertainty of the chemistry of water potentially brought into the catchment via the contact (Berg et al., in review).
4. Vegetation classifications will be reclassified into classification groupings and will be specific to YELL, GRTE, GLAC, ROMO, and GRSA. 
Vegetation will be classified as follows:

High Sensitivity

unvegetated terrain (snow/ice, rock, water)/ agriculture 

Medium Sensitivity

forested

Low Sensitivity

non-forested (grass and rangeland, subalpine meadow)

5. Soils classification will be reclassified into classification groupings and will be specific to YELL, GRTE, GLAC, ROMO, and GRSA. 
The investigators will use digital soils data from NRCS surveys where available. We have acquired the digital soils database from Rocky Mountain National Park. Biggam (personal communication) states that there is (NRCS) data available for both Grand Teton and Yellowstone National Park, but it is not considered “desired product”. Glacier National Park had an initial product, which will be enhanced this year, and since Great Sand Dunes National Park “enlarged”, partial soils data are available for that unit.

6. Basin characteristics will be quantified by using zonal statistics in ArcInfo, 

and percent aerial coverage within each basin will be calculated for geochemical rank, vegetation, and soils. The DEM will be used to estimate mean elevation and slope, percent steep slopes (>30 degrees), aspect (by 45 degree increments), and lake outlet elevation. Average annual atmospheric deposition maps of ammonium, nitrate, sulfate, and acidity (1:125,000) for YELL, GRTE, GLAC, ROMO, GRSA (Nanus et al., 2003) will be used as an ecological stressor layer. Percent aerial coverage within each basin will be calculated for deposition. Resultant data will be compiled for statistical analysis into individual datasets for each park.  The investigators will evaluate relevant inputs to MAGIC for determining critical loads. The data will be collected and analyzed such that the units will be consistent with those necessary for MAGIC modeling inputs, but will not be specifically set up for MAGIC modeling. Another important data set needed for determining critical loads is empirical information of the extent of low ANC systems in a given park/landscape. This project will provide surface water data and population estimates of sensitive lakes in some parks (e.g. GRSA and YELL) where such data are scarce. 
7. Statistical Analysis: Multiple logistic regression will be used to identify lakes with a high probability of sensitivity to the atmospheric deposition of pollutants. Logistic regression differs from classical linear regression in that the result is the

probability of being above or below a threshold,  rather than a predicted concentration (Helsel and Hirsch, 1992). 

The probability equation is:

Logit(P) =  e(bo + bx)
      1 + e(bo + bx)
 where bo = constant and  bx = vector of slope coefficients and explanatory variables.
The probability threshold will be set at ANC < 100 µeq/L, 50 µeq/L and 25µeq/L. By including an ANC threshold of less than 100 μeq/L, we will be able to include a larger population of lakes and will likely include lakes that may be experiencing episodic acidification. ANC thresholds of 50 μeq/L and 25µeq/L will be more appropriate for evaluating chronic acidification risk. Basin characteristics will be used as explanatory variables, and measured alkalinity concentrations at lakes that were previously sampled will be used as dependent variables. These include: watershed area, lake area, lake/watershed area, lake volume, geochemical rank, mean slope, steep slope, mean elevation, aspect (by 45 degree increments), soil type, vegetation class, and deposition. To validate the logistic regression model, a subset of 10% of lakes with known chemistry will be excluded from the calibration data set; measured and predicted concentrations will be compared using the Hosmer-Lemeshow Goodness-of-Fit statistic (Hosmer and Lemeshow, 1989). This validation will be repeated 9 times, with a randomly selected set of lakes excluded from the calibration data set each time. Lakes with a high probability of having an alkalinity below the threshold will be identified as potentially sensitive. Atmospheric deposition loadings of ammonium, nitrate, sulfate, and acidity (Nanus et al., 2003) will also be incorporated in the model. Lakes with resultant probabilities indicating both high sensitivity and high deposition of pollutants will be indicative of high risk water bodies having low or negative ANC. A color-coded probability map depicting sensitivity for individual basins will be developed. Three sensitivity groups will be assigned as follows: high sensitivity to atmospheric deposition (probability greater than 60%), medium sensitivity (probability greater than 30%, but less than 60%), low sensitivity (probability less than 30%). The product will include assessment of atmospheric deposition sensitivity for each of the lakes (water bodies > 1 hectare) in the model for each park (ie the larger population).
8. Previous work that includes surface water sampling protocols in alpine environments will be evaluated and utilized extensively in the development of sampling protocols for alpine lakes in YELL, GRTE, GLAC, ROMO, GRSA. Samples will be collected at high-elevation lakes identified as potentially sensitive to verify and further validate the effectiveness of the aquatic ecosystem risk assessment at new sites. Whenever possible samples will be collected at lake outlets, which is where the lake water is generally well-mixed. Approximately 5% to 10% of the lake population in YELL (10-20), GRTE (5-10), GLAC (7-14), ROMO (11-22), GRSA (7-14), will be sampled during the summer field seasons of 2004 and 2005. Duplicate samples will be collected for 10% of the sample population in YELL, GRTE, GLAC, GRSA, and ROMO. 

Temperature will be monitored as a field parameter. Previous data collection of alpine lakes has indicated satisfactory results in laboratory analysis of pH and conductivity.  In fact, both ANC and pH will be “back calculated” from the ion balance as part of the QA on the data.  As part of the final report, recommendations will be made about lab vs. field measurement of pH and conductivity in low ANC lakes of the Rockies.  Dissolved oxygen measurements are not relevant to deposition sensitivity, since the lakes being sampled are not eutrophic. In flowing water and surface of lakes, dissolved oxygen is always near saturation.  

9. Samples will be analyzed for major dissolved inorganic constituents (Ca, Mg, Na, K, SiO2, Cl, SO4, alkalinity) dissolved nutrients (NO3, inorganic N, PO4),

dissolved organic carbon, dissolved organic nitrogen, dissolved organic

phosphorous, pH, and conductivity in a lab at the University of Colorado, Boulder that

specializes in analysis of extremely dilute waters such as those found in the

study area. Nitrate, sulfate and chloride will be analyzed on a Dionex DX 500 Ion Chromatograph with an IonPac AS4A-SC Analytical Column. Ca, Mg, Na, and K will be analyzed on a Perkin Elmer AA Analyst 100. Ammonium will be measured on a Lachat QuikChem 4000 Flow Injection Analyzer using a method based on the Berthelot reaction. Solute detection limits and precision of means percent recovery (RSD) are published in the on-line procedure manual (Siebold, 2001). Total nitrogen concentrations will be determined using potassium persulfate digestion to oxidize all forms of N into NO3-N on both filtered and raw (unfiltered) samples. Nitrate will then be measured on Lachat QuikChem 4000 Flow Injection Analyzer. Dissolved organic nitrogen will be calculated by subtracting measured inorganic N from total N on filtered samples and particulate organic nitrogen will be calculated by subtracting total dissolved N from total N on unfiltered samples. Dissolved organic carbon will be analyzed by combustion on a Dohrman Carbon Analyzer. 

10. The final phase of the research will involve analysis of the data and synthesis of the results. Classification will be somewhat qualitative, but the model itself will be quantitative and statistically based, but based on field data and GIS layers for Rocky Mountains parks. After all of the GIS, field/analytical work, and QA/QC has been completed, the data will be analyzed and interpreted. The utility of the probability assessment will be validated by comparing predicted probabilities with measured concentrations. Map products and a proposed monitoring strategy for alpine/sub-alpine lakes in Rocky Mountain National Parks will be reevaluated and assessed. The intent is not necessarily for the model to be used (by the NPS) to assess sensitivity of lakes in additional parks (with varying geology, vegetation, soils etc).  This project report will describe in detail the screening procedures (steps) necessary to identify sensitive lakes. It will be up to NPS to decide other Parks that may benefit from this type of a modeling approach and application. The other mountain ranges that could benefit from this approach would be the Sierra Nevada and the Cascades. 

The final report for the National Park Service will include 2 very distinct sections, one that will be focused on developing recommended screening procedures and the other focused on sampling protocols for the assessment of deposition sensitive waterbodies in the Rocky Mountains. 

B. Tasks (ordered by completion date)

1. January, 2004; Develop GIS database with existing GIS data, water quality and deposition data for YELL, GRTE, GLAC, ROMO, GRSA; Leora Nanus.

2. January, 2004; Basin boundary coverage and associated metadata for YELL, GRTE, GLAC, ROMO, GRSA completed; Leora Nanus.

3. January, 2004. Applications for sampling-use permits at the five parks for late summer/fall completed. Leora Nanus.

4. April, 2004; Soils, vegetation and geochemical ranking coverage and associated metadata for YELL, GRTE, GLAC, ROMO, GRSA completed; Leora Nanus.

5. April, 2004. Basin characteristics will be quantified by using zonal statistics in ArcInfo and data will be compiled for statistical anlaysis. Leora Nanus.

6. May, 2004. Statistical analysis completed and selection of lakes for sampling during summer 2004. Phone conference with NPS personnel to discuss results of the landscape model and selection of lakes for sampling during summer 2004. NPS Personnel, Leora Nanus, Mark Williams, Don Campbell, Dave Clow.

7. September, 2004; Samples collected in YELL, GRTE, GLAC, ROMO, GRSA, and processed at the Kiowa Environmental Chemistry Laboratory at the Mountain Research Station and Institute of Arctic and Alpine Research, University of Colorado at Boulder. Leora Nanus and Mark Williams will supervise 1 GRA, primarily at the University of Colorado at Boulder with some time in field.

8. September 30, 2004:  Administrative report for phase 1; GIS and multiple logistic regression modeling. Leora Nanus with some involvement from other collaborators.

9. December, 2004; Samples analyzed at the Kiowa Environmental Chemistry Laboratory at the Mountain Research Station and Institute of Arctic and Alpine Research, University of Colorado at Boulder.

10. May, 2005. Data analysis and interpretation, refinement of screening model using data collected Summer 04, and report writing. Phone conference with NPS personnel to discuss results of the refined landscape model and selection of lakes for sampling during summer 2005. Leora Nanus with other collaborators.

11. September, 2005. Collection of field samples (if necessary to fill in any data gaps) summer 2005; water chemistry analysis completed by early Fall, 2005. University of Colorado at Boulder GRA. 

12. October 1, 2005: Annual report due. Leora Nanus with some involvement from other collaborators.

13. December 30, 2005:  Draft final report on screening procedures for surface waters of the Rocky Mountains and sampling protocols for assessment of deposition-sensitive waters. Leora Nanus with some involvement from other collaborators.

14. May 30, 2006:  Final report completed; database delivered; peer-reviewed journal publications submitted. Leora Nanus with some involvement from other collaborators.

4. PRODUCTS AND OTHER REPORTING REQUIREMENTS
· August 15, 2003: Implementation Plan for two-year project is received and sent out for peer review. Consultation with principal contact in each park. 

· November 25, 2003:  Peer review comments incorporated into final project plan.

· May 2004: Phone conference with NPS personnel to discuss results of the landscape model and selection of lakes for sampling during summer 2004.

· Summer 2004:  samples collected, analysis done during fall 2004.

· September 30, 2004:  Administrative report for Phase 1; begin refinement of screening model using additional data.

· Summer 2005: complete collection of field samples; water chemistry analysis completed by fall

· October 1, 2005: Annual report due

· December 30, 2005:  Draft final report on screening procedures for surface waters of the Rocky Mountains and sampling protocols for assessment of deposition-sensitive waters. 

· May 30, 2006:  Final draft completed; database delivered; peer-reviewed journal publications submitted.

5. QUALITY ASSURANCE/QUALITY CONTROL, DATA QUALITY OBJECTIVES: 

Duplicate samples will be collected for 10% of the sample population in YELL, GRTE, GLAC, GRSA, and ROMO. Samples will be analyzed at the Kiowa Environmental Chemistry Laboratory at the Mountain Research Station and Institute of Arctic and Alpine Research, University of Colorado at Boulder. Water samples will be analyzed for major dissolved inorganic constituents (Ca, Mg, Na, K, SiO2, Cl, SO4, alkalinity) dissolved nutrients (NO3, inorganic N, PO4), dissolved organic carbon, dissolved organic nitrogen, dissolved organic phosphorous, pH, and conductivity following procedures described in the Kiowa Environmental Chemistry Manual (Seibold, 2001). QA/QC procedures for the lab are fully documented (Seibold, 2001) and include routine analysis of certified high-purity standards traceable to the National Institute of Standards, and participation in blind-audit. Some of the samples will be subjected to “interlaboratory” comparisons-between CU Boulder and the USGS lab. 
The samples collected for this project will not be analyzed in a state certified lab. However, the final product will evaluate the pros and cons of a variety of certified and uncertified labs in the Rocky Mountains and will include recommendations for the type of lab and levels of certification that will be good for long-term monitoring and analysis of core parameters in low ANC waters. This is particularly important for waters that may ultimately be “degraded” due to atmospheric deposition. 

GIS coverages will be created following FGDC content standards for digital geospatial metadata. The horizontal positional accuracy will be tested by verifying the location of the data on-screen relative to the corresponding 10m IR satellite imagery in the same projection and datum.  
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	                6,522 
	
	         

	
	
	
	
	
	
	
	
	

	G.  Total costs to NPS in 2003
	
	
	
	50,000
	
	        

	
	
	
	
	
	
	


BUDGET-COST 2004 

       
Budget-Cost 2004 CU Boulder
	
	
	
	
	
	
	NPS

	
	Salaries
	
	
	

	
	GRA:
	
	

	
	Leora Nanus @ 50% time, 6 months, 03/01/05-9/01/05
	
	
	8,616

	
	Project Acctg. Asst.:  Sedrick Frazier
	

	
	2.3% time, 6 mos
	
	
	            
	 483.5

	
	
	
	
	
	
	

	
	Total Salaries and Wages
	
	 9,099.5 

	
	
	
	
	
	
	

	B.  Fringe benefits
	
	
	
	

	
	
	
	
	
	

	
	GRA:  2.25% + $714/yr
	
	
	           1,117.5 



	
	Prjt. Acctg. Asst.: 13.15% + 329/mo
	
	       218

	
	
	Fringe Benefits
	
	
	
	1,335.5

	C.  Total Direct Costs
	
	
	10, 435

	
	
	
	
	
	
	

	D.  Total Indirect Costs

(note indirect costs will be taken out of original 
	
	
	

	
	15% of TDC as limited by CA
	
	                1, 565 

	
	
	(by April 1, 2004)


	
	
	
	

	E.  Total costs to NPS in 2004 for CU Boulder
	
	
	
	12,000


Budget-cost 2004 USGS 

USGS Personnel 

Hydrologist GS-11, Leora Nanus (12/01/03-09/01/04)


35,000



Research Hydrologist GS-14






  3,000


F. Total Costs (Direct + Indirect Costs)




38,000



Total Costs to NPS in 2004 for USGS 




38,000

Total Costs to NPS in 2004 for CU Boulder




12,000




G. Total costs to NPS in 2004:                                                                       50, 000
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