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Executive Summary

The Greater Yellowstone Network (GRYN) is one of 32 Inventory and Monitoring Networks
covering 270 national park units within the National Park System. These networks serve an important
role in providing park resource managers with important scientific data on the status and condition of
vital park resources. This role was established in the Natural Resource Challenge which directed
parks to place a great emphasis on natural resource stewardship in meeting the National Park Service
mission to “preserve unimpaired the natural and cultural resources and values of the national park
system for the enjoyment, education, and inspiration of this and future generations.”

GRYN includes four national park units: Bighorn Canyon National Recreation Area, Grand Teton
National Park, John D. Rockefeller, Jr. Memorial Parkway, and Yellowstone National Park.
Combined, these parks span over one million hectares and represent a topographically complex and
climatologically heterogeneous region. Park staff and subject matter experts recognized the diversity
of ecosystems and, in particular, the ecological and societal importance of water to this region when
identifying important park resources for long-term monitoring. Stream flow (or more generally,
discharge) was identified as one of the selected vital signs in GRYN’s long-term Vital Signs
Monitoring Plan (Jean et al. 2005).

Water resources in GRYN parks are diverse and include alpine lakes, rivers, perennial and ephemeral
streams, springs, geysers, wetlands, and natural lakes and reservoirs. In addition, GRYN parks
include one designated Wild and Scenic River (the Snake River) and one World Heritage Site
(Yellowstone National Park). Yellowstone National Park was recognized as a World Heritage Site, in
part, because of its unique aquatic resources; over 200 geysers and upwards of 10,000 geothermal
resources are present inside park boundaries.

This protocol implementation plan and the accompanying standard operating procedures (SOPs; Ray
et al. 2017), provide the details of how GRYN will use established protocols from the Sierra Nevada
Network (Skancke et al. 2017a) and Southwest Alaska Network (Shearer et al. 2015a) as guidance
for the implementation of a discharge monitoring protocol for select rivers, streams, and spring
outlets throughout GRYN parks. GRYN acknowledges the value of long-term U.S. Geological
Survey gaging station flow data and plans to leverage these datasets in a way that enables us to
discuss change and quantify trends in river and stream flow for network parks and the public.

We ask readers to recognize that this protocol implementation plan may be revised as new and
emerging analytical and monitoring techniques come available. We will be mindful not to modify
SOPs unless there is strong justification in doing so. We also recognize that as more data, monitoring
tools, and analytical techniques become available, new questions will arise leading to more in-depth
analyses and additional considerations.
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1 Introduction

Discharge patterns of rivers and streams are dynamic in time and space and reflect characteristics of
drainage basins as well as recent and long-term meteorological conditions. Discharge patterns of
rivers and streams reflect the annual magnitude and timing of runoff and base flow conditions as well
as the more immediate response of rivers to individual precipitation and runoff events. Study of
discharge patterns is therefore useful in uncovering spatial and temporal patterns of river and stream
flow change across large spatial scales (Rood et al. 2008). Hydrographs are simple but important
tools for the study of discharge patterns that reflect stream hydrologic responses over time (typically
a calendar or water year but also a season) for a specific river location (Figure 1).

Use of hydrographs in river studies reveals river flows are tightly linked to downstream municipal
and agricultural supply, water quality, local and regional meteorological conditions, human
recreational use, and overall ecological integrity (see Rood et al. 2008; Al-Chokhachy et al. 2017).
Because of these relationships, a clearer understanding of long-term and recent hydrologic change is
necessary to direct short and long-term water resource planning to protect important ecosystem
services (Brekke et al. 2009). Monitoring features of hydrographs through time can help resource
managers better understand both the direction and magnitude of recent and long-term changes to the
timing and pattern of river, stream, or spring flows for an individual water body (Figure 2).
Moreover, when aggregated, river and stream flow summaries can offer valuable insight on subbasin,
regional (see Jean et al. 2005; Rood et al. 2008; Luce and Holden 2009; Leppi et al. 2012; Al-
Chokhachy et al. 2017), national (EPA 2016), and global hydrologic trends (Vorosmarty et al. 2010).

Lamar River near Tower Ranger Station, WY
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Figure 1. Example of a hydrograph. This flow summary shows annual (2015) and long-term (mean 1923-
2015) stream flow patterns for the Lamar River near Tower Ranger Station, Wyoming.
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Figure 2. Conceptual model showing meteorologically induced changes to river and pond surface
hydrology and the potential physical and ecological consequences of change. (Graphics provided by Rob
Bennetts, NPS).

1.1 Global Interest in Stream Flow

Rivers and river-reservoir systems worldwide represent major sources of water supplies for drinking
water, agricultural production, and wastewater treatment. Societal links to water are particularly
obvious in arid regions of the world. In fact, the distribution of cities are disproportionately tied to
rivers and water access. Rivers provide irrigation water for crops, but also prove valuable for
facilitating navigation and transport of raw materials and finished products. The timing and patterns
of river and stream flow also shape the characteristics of infrastructure (e.g., bridges, roads, and
dams), power generation facilities, navigation, communities, agricultural, and business practices
worldwide. Now and in the past, water-related infrastructure has been designed around an
understanding of historical or longer-term discharge conditions and necessitated monitoring of
hydrologic patterns. Global estimates indicate that approximately 45,500 km?/year (1.6 x 10"
ft’/year) of water flows through our global river network (Oki and Kanae 2006). This global river
network, and the water it yields, serves as the principal source of renewable water for humans while
underpinning habitats that support freshwater biodiversity worldwide (Vorosmarty et al. 2010).
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Concerns over global water decline (IPCC 2001) and a determination to deliver clean water to all
humans and reliable water for agriculture has led the United Nation’s (UN) General Assembly to
include water and the characterization of stream flow and water availability as one of the UN’s 17
Sustainable Development Goals (Bhaduri et al. 2016). Given this, discharge monitoring stations will
significantly contribute to meeting and assessing global Sustainable Development Goals.
Importantly, long-term stream flow monitoring will be required to estimate the availability of, and
changes in water supply from river and stream ecosystems. The UN formally identified water yield
change in freshwater ecosystems as a global monitoring indicator of health and sustainability of
water-related ecosystems (UN Economic and Social Council 2016). Regional trend monitoring
efforts on free-flowing and minimally impaired rivers and streams described in this protocol
implementation plan will therefore serve to increase regional and global awareness of climate-related
and human-induced (through water regulation) water resource change.

1.2 Stream Flow Monitoring in the U.S.

The U.S. Geological Survey (USGS) has been monitoring and reporting river and stream discharge
measurements across the U.S. for more than a century. As of Fiscal Year 2016, the USGS was
operating 8,130 river and stream gages (i.e., monitoring locations) nationwide including Puerto Rico
and the U.S. Virgin Islands (USGS 2016). The period of record for individual monitoring stations
varies dramatically across this national network and ranges from a small number of gages monitored
for nearly a century to the majority having less than 30 years of available data (USGS 2005).
Variations in the period of record among monitoring stations is not uncommon regionally (see Tables
2 and 3 in Section 3 for a summary of monitoring stations within and surrounding GRYN parks) and
this variation sometimes limits our ability to make inferences on the short-term versus long-term
changes in discharge (see Al-Chokhachy et al. 2017). On a national basis, approximately 1,600 of
these monitoring stations have been described as being ‘climate-sensitive’ (USGS 2005); climate
sensitivity was determined by examining whether meteorological drivers (e.g., temperature,
precipitation) explained most of the variation in discharge through time.

The value of long-term discharge monitoring to assess the effects of climate cannot be overstated. In
2016, the U.S. Environmental Protection Agency (EPA) published its fourth edition of Climate
Change Indicators in the U.S. (EPA 2016). This report synthesized long-term environmental
monitoring records in order to elucidate current understanding of the causes and effects of changing
climate. The EPA recognized that long-term river and stream flow records significantly contribute to
climate change knowledge and that associated summary metrics of river and stream flow can serve as
one of the EPA principal climate indicators (EPA 2016); stream flow is listed as one of 37 climate
change indicators used to quantify and communicate climate-induced changes to freshwater
ecosystems. The EPA also noted that the stream flow indicator summaries are particularly useful
when they are applied to individual or groups of discharge monitoring stations where long-term data
records are available (e.g., multi-decade to century-long). The EPA indicates that the USGS National
Water Information System (http://waterdata.usgs.gov/nwis/rt) serves as the basis of their summary
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The benefits of using USGS information on river and stream flow are numerous, but a principal
benefit is the careful review each discharge record or time series receives prior to its approval. First,
continuous discharge records receive careful review by multiple trained hydrographers that screen for
gross instrument errors. Site-specific hydraulic and stability characteristics are then incorporated into
the analysis and record review. These hydrographers also consider the field protocols employed for
site-specific discharge measurements that are used in the development and verification of site-
specific rating curves (see https://water.usgs.gov/osw/pubs/memo.summaries.html for a list of
technical memoranda for surface water monitoring and data review). This step is required for record
approval and distribution through public portals (USGS 2010). Although USGS discharge data
represents the gold standard for trend analyses, the discharge metrics described by EPA (EPA 2016)
and used in this protocol implementation plan, may also be applied to other peer-reviewed and
publicly available (e.g., National Park Service) long-term river and stream flow records.

Across the National Park Service (NPS), water resources have long been identified as uniquely and
disproportionately threatened by activities occurring inside and outside of park boundaries (Gardner
and Dennis, unknown date, circa 1983). Emerging from this understanding of threats to water
resources was a description of the need for a NPS-wide inventory and assessment of available water
resource data. Shortly thereafter, the NPS launched the Vital Signs Monitoring Program (Fancy et al.
2009; Fancy and Bennetts 2012) and the Inventory and Monitoring (I&M) Division is a now a
recognized leader among long-term vital sign monitoring programs (Sergeant et al. 2012; Rodhouse
et al. 2016). Since its inception, the main goal of this program has been to identify vital signs for
long-term monitoring that provided a broad-based understanding of the status and trends of NPS
resources. The understanding gained through collaborative vital sign monitoring then, in turn, serves
as the basis for science-based decision making needed to protect and sustain vital park resources
(Fancy et al. 2009). By design, selected vital signs are intended to help characterize the overall health
or condition of important park resources, describe and quantify the effects of dominant stressors, or
represent elements of the National Park System that have a clear human nexus.

Water and, particularly, river and stream flow dynamics (Fancy et al. 2009) are regarded as vital to
the health of aquatic and terrestrial communities, susceptible to climate and land use impacts, and
important to visitor experiences and downstream neighbors (Jones et al. 2010; Madej 2011; Andrews
2012). For these reasons, surface water flows were identified as one of the most common indicators
to monitor in the NPS I&M Program nationwide (Fancy and Bennetts 2012). Today, more than half
of the 32 NPS I&M Networks actively monitor river, stream, or spring flow as part of their vital sign
monitoring programs. Individually, these long-term monitoring programs are helping to identify
park-, network-, or regional-scale patterns of hydrologic change and its association with changes in
land use and climate. For example, discharge monitoring of springs in Arches National Park is
linking changes in winter discharge with important climate drivers (e.g., evapotranspiration;
Weissing et al. 2016). In Golden Gate National Recreation Area, Muir Woods National Monument,
and Point Reyes National Seashore, base flow of several streams decreased coincident with increases
in air temperatures (Madej 2011). Lastly, the Sierra Nevada Network’s stream flow monitoring is
documenting changes to stream flow in Yosemite, Kings Canyon, and Sequoia national parks and
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Devils Postpile National Monument (Andrews 2012). Collectively, these complementary monitoring
programs of the NPS &M Division can offer valuable insight on the hydrologic dynamics of rivers,
streams, and spring outlets that are critical to NPS management.

Shifts in temperature and precipitation regimes over the last several decades have already altered
discharge patterns of rivers (e.g., Luce and Holder 2009; Pederson et al. 201 1a; Leppi et al. 2012).
Projected shifts in global and regional climatic conditions are anticipated to further alter the air
temperature and precipitation regimes that influence river and stream flow (IPCC 2014). Given this
projection and increased demand on surface water resources, it is critical to understand the degree
that climate affects stream flows. This is best ascertained from data derived from minimally impaired
waters; NPS-managed lands, independent from land-use and other human stresses are an excellent
source. Climate-induced changes to hydrographs (e.g., changes in the timing of peak flows and onset
of base flow conditions) are anticipated for many western rivers (Stewart et al. 2004).The subsequent
consequences to water-dependent species (e.g., amphibians and fish) and the future risk posed by the
growing threat of aquatic invasive species and novel diseases are still largely undetermined (Al-
Chokhachy et al. 2017). These shifts in climate coupled with rises in human demands for recreation
and water consumption (Vorosmarty et al. 2010; McDonald 2010), particularly in arid and semi-arid
regions, suggest considerable challenges to the future conservation and management of water
resources on NPS lands.

1.3 Stream Flow in the Greater Yellowstone Area and Across GRYN Parks

The USGS has been collecting river and stream discharge measurements throughout the Greater
Yellowstone Area and within Grand Teton and Yellowstone national parks for several decades. For
example, the USGS has been monitoring discharge in the Yellowstone River near Corwin Springs
since 1889. The records for other rivers including the Fall, Gallatin, Lamar, Madison, and Snake
rivers began in 1904, 1889, 1923, 1913, and 1984, respectively. These long-term discharge records
provide unique opportunities to examine how river and stream hydrographs across the region may be
responding to documented changes in air temperatures and snowpacks (sensu Luce and Holden
2009).

Rivers and streams in Grand Teton and Yellowstone national parks are threatened by various
symptoms of the changing climate including changes to the hydrological cycle. Principal drivers of
change for this region are a reduction in precipitation as snow and earlier snow melt (Barnett et al.
2005). Declines in Greater Yellowstone Area snowpacks over the 20" century are well documented.
Projections for this region suggest future increases in winter temperatures will rearrange the snow
accumulation zones and produce earlier melting and runoff patterns (Pederson et al. 2011b). Some of
the effects of these changes have been documented (see Schook and Cooper 2014 as an example) or
are predicted throughout Grand Teton and Yellowstone national parks as the duration of low flow
conditions increases (Leppi et al. 2012; Al-Chokhachy et al. 2017). Low flow conditions coupled
with elevated air temperatures also influence water temperatures. Across the Greater Yellowstone
Area, stream water temperature is expected to increase between 0.8 and 1.8 °C (1.4-3.2°F) by 2069
(Al-Chokhachy et al. 2013). Combined changes in discharge patterns and water temperature may
influence how visitors experience the parks. For example, popular fishing rivers in this region



include the Lamar River in Yellowstone and upper Snake River in the John D. Rockefeller, Jr.
Memorial Parkway. In 2016, unseasonably warm winter and spring air temperatures contributed to
earlier runoff and historic low flow conditions across the region. The Snake River near Flagg Ranch
and Lamar River near Tower Ranger Station had the lowest average August daily flows in their
respective time series (33 years for the Snake River and 75 years for the Lamar River). Temperature-
influenced low flow conditions may trigger additional ecological changes including shifting
biological communities and increased opportunities for the establishment of invasive species
(Woodward et al. 2010). In 2016, a decision to close fishing in the Yellowstone River downstream of
Yellowstone National Park (NP) occurred as a result of a large mountain whitefish (Prosopium
williamsoni) die-off possibly exacerbated by record low flows and elevated stream temperatures
(Keller 2016). This die-off and the subsequent closure may portend the novel threats facing water
resources as record low flows overlap with increasing air temperatures.

Within Bighorn Canyon National Recreation Area (NRA), river and stream flows originating both
outside and inside the park support water levels in Bighorn Lake. By mid-century (2050), significant
reductions in snowpack and increases in summer air temperatures are predicted for this region
(Hostetler et al. 2011). These changes will likely contribute to declines in river flows that have
already been documented throughout the early 2000s (GRYN 2014). In fact, recent analyses show
that the Bighorn River contribution to Bighorn Lake has been slowly declining since the 1930s
(Figure 3). Total annual flows have dropped from a mean annual flow of 1.85 billion cubic meters
(65.5 billion ft) in the 1930s to a mean annual flow of 1.12 billion cubic meters (39.5 billion ft*) for
water years 2000 to 2009. Years since 2010 have been higher and more variable, but long-term
trends suggest a mean annual flow reduction of more than 0.7 billion cubic meters (25.5 billion ft*)
between the 1930s and the first decade of the 2000s (Figure 3). In lake volume terms, a median
reduction between 1930 and the first decades of the 2000s is more than 45% of the total lake volume
at full pool. Although several average-to-high flow years occurred since 2010, the dry conditions of
the early 2000s may provide important insight on how drier conditions and lower water levels
manifest if climate forecasts for the region are realized.

Bighorn River at Kane, WY
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Figure 3. Total annual flow volume for the Bighorn River at Kane, Wyoming. The blue bars show total
annual volume of flows and the orange line is the 10-year moving average. The moving average shows
how multiple years of drought during the early 2000s contributed to a decline in river discharge in the
Bighorn River.



1.4 GRYN'’s Discharge Monitoring Plan

This protocol implementation plan outlines the means by which river, stream, and spring discharge
and reservoir surface elevation data will be acquired from existing USGS or U.S. Bureau of
Reclamation (USBR) sources, collected by GRYN staff, and managed and reported for GRYN parks
as described in the Vital Signs Monitoring Plan for the GRYN (Jean et al. 2005). GRYN is
implementing discharge monitoring methods to track and estimate changes in long-term river,
stream, and spring flow from USGS-monitored waters and on representative waters using a
combination of manual and automated techniques. Monitored waters included in this plan represent
rivers and streams that occur within or are proximal to and influence GRYN parks. While the specific
monitoring objectives are designed to understand trends in surface water resources present within and
surrounding GRYN parks, they are based on peer-reviewed and approved protocols by the Southwest
Alaska Network (SWAN; Monitoring Freshwater Systems in the Southwest Alaska Network
[Shearer et al. 2015a]), and Sierra Nevada Network (SIEN; Sierra Nevada Network River Hydrology
Monitoring Protocol [Skancke et al. 2017a]), and recommendations from the Southeast Coast
Network Surface Water Discharge Monitoring guidance document (Jones et al. 2010) and the EPA’s
Climate Change Indicators in the United States (EPA 2016). The objectives of this GRYN protocol
implementation plan also align closely with recently completed and peer-reviewed methodology
already implemented within the Greater Yellowstone Area (see Al-Chokhachy et al. 2017;
Evaluating species-specific changes in hydrologic regimes: An iterative approach for salmonids in
the Greater Yellowstone Area). Collectively, these peer-reviewed guidance documents provide clear
justification for the use of river, stream and spring flow as well as lake and reservoir surface
elevation metrics for status and trend monitoring.

The list of primary objectives for the GRYN protocol implementation plan for monitoring discharge
are expanded from Jean et al. (2005). Deviations from approved metrics are identified, but represent
minor differences in the list of metrics described in Shearer et al. (2015a) and Skancke et al. (2017a).
Still, all metrics align with at least one of the peer-reviewed guidance documents cited above.
Importantly, river and stream flow data and reservoir surface elevations, along with QA/QC
procedures, will rely heavily on existing USGS and USBR operated gages and managed data sets.
Methodology to detect trends comes from Skancke et al. (2017a) and Al-Chokhachy et al. (2017).
These same metrics will also be applied to existing spring outflow monitoring work carried out by
GRYN (see Kaylor et al. 2015).

The principal difference between this GRYN protocol implementation plan and the protocols from
SIEN and SWAN involve differences in sites used. GRYN will focus on sites within or surrounding
GRYN parks (Figures 4 and 5 below and see Tables 2, 3, and 5 in Chapter 3 for a complete list of
USGS and USBR gaging stations). In addition, GRYN will employ, but also, expand on the
analytical techniques described in Skancke et al. (2017a). Implementation of the SIEN and SWAN
protocols will simplify the incorporation of USGS discharge data into the GRYN vital sign
monitoring program. The following modifications to the SIEN and SWAN protocols have been
identified:



1)

2)

3)

4)

5)

6)

Status and trend evaluation approaches will be applied to USGS-gaged streams and rivers
and un-gaged GRYN-monitored spring outflows within and surrounding GRYN parks.

a) Discharge monitoring at spring outflows will rely on a combination of manual and
automated flow measurements (see descriptions in the SWAN Standard Operating
Procedures (SOP) for Monitoring Freshwater Systems in the Southwest Alaska
Network in Shearer et al. 2015b). In brief, we will employ techniques described in
Shearer et al. (2015b) for using the Marsh-McBirney Flo-Mate to estimate discharge
in channels below spring outflows (e.g., Layout Creek in Bighorn Canyon NRA; SOP
1 in Ray et al. 2017). In addition, we will follow operating procedures for the use of
automated water level loggers to monitor stage at regular intervals (e.g., 30-min to 1-
hr frequency) for the development of rating curves for individual un-gaged sites (see
Shearer et al. 2015b for details). Where spring outflows yield discharge amounts that
can be measured volumetrically, we will take the average of four individual
measurements following procedures in Weissinger and Moran (2015).

Status and trend evaluation approaches will be applied to USBR surface elevation summaries
of Bighorn Lake and Jackson Lake (see Table 5 in Section 3).

In addition to plotting discharge and surface elevation metrics against time, we will also use
ordinary least squares regression and quantile regression (see Al-Chokhachy et al. 2017), as
well as, the Mann-Kendall test to examine trends in water volume using long-term gaging
records.

Certified, publically available discharge (from USGS gaging stations) and surface elevation
(from USBR surface elevation stations) datasets will be used by GRYN for reporting status
and trends of gaged rivers, streams, and reservoirs.

a) GRYN will maintain a copy of data used for reporting but principal handling of data
review and management for USBR- and USGS-managed stations will follow the
Quality Assurance Plan (QAP) for each agency.

For GRYN-managed monitoring sites, manual discharge measurements will be made
volumetrically (for developed springs with a piped discharge) or following standard
procedures for wadeable streams (see Ray et al. 2017 SOP 1: Discharge Measurement in
Wadeable Waters). Water level or flow estimates will be monitored using automated sensors.
Data from these sensors will be downloaded from loggers and uploaded to AQUARIUS for
review, processing, and storage.

SOPs have been modified to reflect GRYN-specific changes (see Ray et al. 2017 for
additional details).
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Black symbols represent USGS maintained stream gages. Blue symbols indicate USGS stations where
the NPS Greater Yellowstone Network has co-located water quality monitoring sites. Brown symbols
represent USBR operated stage stations that measure reservoir levels.
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represent USGS maintained stream gages. Blue symbols indicate USGS stations where the NPS Greater
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2 Conceptual Framework for Monitoring

Water resources in GRYN parks are diverse and include alpine lakes, rivers, perennial and ephemeral
streams, springs, geysers, wetlands, and natural lakes and reservoirs. These resources play a
disproportionate role in the function of vital ecosystem processes. Monitoring objectives outlined in
this protocol implementation plan will focus on rivers, streams, and outflows associated with spring
discharge as well as reservoir surface elevations for Bighorn and Jackson lakes. Understanding the
effects of multiple, concurrent stressors that affect river and stream flow, spring discharge, and
reservoir levels are an important and ongoing challenge for resource managers in GRYN parks,
gateway communities, and downstream users.

As described in Jean et al. (2005), we propose that climate drivers (e.g., temperature,
evapotranspiration, and snowpack dynamics) will act as the primary drivers affecting the discharge
patterns of surface water resources in and around GRYN parks (e.g., the upper Snake, Lamar, and
Bighorn rivers). In brief, changes to the amount of precipitation (snow and rain) will
disproportionately affect the total volume of runoff and river, stream, and spring flow. Changes to air
temperature will disproportionately influence snowpack dynamics, and in turn, the magnitude and
timing of runoff. Specifically, increased air temperatures are expected to contribute to earlier (late
winter or spring) runoff and earlier onset of base flows in summer and fall (Barnett et al. 2005;
Figure 2).

The predicted changes to the hydrological cycle of rivers, streams, springs, and reservoirs within and
around GRYN parks are based on documented responses to warming that are already underway in
snow-dominated drainage basins of mid- to high-latitudes (Luce and Holden 2009; Pedersen et al.
2011a; Al-Chokhachy et al. 2017). Documented changes to the timing and abundance of snow cover
in mid- to high-latitude regions including GRYN parks directly influences the storage capabilities of
mountain snow packs. In some regions, the warming-induced changes to mountain snowpacks are
predicted to produce peak flows in 2050 that are one month earlier than conditions present at the
beginning of the 21* century (Barnett et al. 2005).

When reduced river discharges are combined with an increasing societal demand for water, conflicts
associated with over-allocated water resources should be anticipated (Gleick 2000). Many reservoirs
and their associated operations were conceived on the basis of providing a steady and reliable water
supply for industry, irrigation, and domestic uses, and importantly, it was historic flows and timing of
runoff from decades past that served as the basis for dam construction and operation, and in turn,
water allocation (Richter et al. 2003). For this reason, a clearer understanding of long-term trends and
current status in river volume and timing of runoff will help inform the management of regulated and
unregulated rivers located within snow-dominated watersheds (sensu Li et al. 2010). With these ideas
in mind, GRYN will employ widely used metrics for discharge patterns of rivers, streams, spring
outflow (Jones et al. 2010; Shearer et al. 2015a; EPA 2016; Skancke et al. 2017a; Al-Chokhachy et
al. 2017) and reservoirs (Magilligan and Nislow 2005; Shearer et al. 2015a) and will include
conceptual models that combine human activities and their associated water demands with
anticipated changes in climate (Table 1; Figures 2 and 6). Information revealed from GRYN’s vital
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sign monitoring activities will supply relevant information on flow patterns of rivers, streams, and
springs and elevation dynamics of reservoirs that will be useful to resource managers, gateway
communities, and downstream water users.

Aquatic /Hydrology

Unaltered Condition Human Altered Condition
w‘.‘ \ —E T o o® *, s ¢ \ o

L8

/

Predicted Meteorlogical Changes
in Aquatic Environments & Hydrology

Temperature
Idwater

Figure 6. Conceptual model showing meteorologically induced and human induced (i.e., dams and
irrigation withdrawals) alterations to surface water resources and associated changes to river and pond
surface hydrology. (Graphics provided by Rob Bennetts, NPS).
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Table 1. Dominant drivers contributing to changes in long-term discharge patterns and reservoir levels
within and surrounding Greater Yellowstone Network parks and potential measures for vital sign

monitoring.

Category

Management Concerns

Potential Measures

Changing climate conditions

Projected increases in air temperatures and
evapotranspiration rates are likely to have
the largest impact on snowpack dynamics

Monitoring the date and magnitude
of peak and low flow, duration of ice
cover

Changes in amount of precipitation (rain
and snow) are likely to affect the total
volume of flow and timing of half flow

Monitoring total annual river
volume, timing of half flow, annual
average stream flow

Dams/Impoundments

Dams decrease the magnitude and duration
of peak and extreme flows, increase
discharge of minimum flows, change the
shape of the hydrograph, and change the
timing of peak and base flows in river
channels below them

Monitoring timing of annual and
peak events, number of high and
low pulses each year, monitoring
mean annual maxima and minima
(e.g., 3-, 7-, and 30-day)

Water diversions

Water diversions and withdrawals reduce
in-channel flow particularly during the
summer

Monitoring annual minima means
(e.g., 3-, 7-, and 30-day minima).
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3 Measurable Objectives

The primary goal of GRYN’s discharge monitoring is to track and estimate changes in long-term
river and stream flow from USGS-monitored waters. These techniques will also be employed on a
small number of representative springs monitored using manual or automated techniques (see Kaylor
et al. 2015). In addition, we will employ complementary metrics to track and estimate changes in
surface elevation dynamics of two reservoirs (Bighorn and Jackson lakes) that are central features in
GRYN parks. Monitoring data will be useful for understanding the effects of multiple meteorological
processes and human forces influencing discharge patterns across GRYN parks. While the specific
monitoring objectives are designed to understand trends in aquatic resources present within and
surrounding GRYN parks, they are also intended to complement broader NPS, USGS, and EPA
regional and national scale objectives and complement ongoing water quality (O’Ney 2006; O’Ney et
al. 2009) and amphibian/wetland (Bennetts et al. 2013) vital sign monitoring.

The list of primary objectives for the GRYN protocol implementation plan for monitoring discharge
are taken from Jean et al. (2005). These objectives will be met using flow-specific metrics described
in Al-Chokhachy et al. (2017) for the Greater Yellowstone Area, Skancke et al. (2017a) for the SIEN
network, Shearer et al. (2015a) for SWAN parks, and by the EPA (2016) for national application.
Objectives 1 through 3 will apply to USGS-gaged rivers and streams in or near Bighorn Canyon
NRA, Grand Teton NP, John D. Rockefeller, Jr. Memorial Parkway (MP), and Yellowstone NP
(Tables 2 and 3) and un-gaged streams and spring outfalls in Bighorn Canyon NRA (Table 4).
Objective 4 will be applied to USBR-gaged stations on Bighorn and Jackson lakes (Table 5).

3.1 Objective 1
Evaluate status and trends in base or low flow characteristics of selected USGS-gaged rivers
and streams within or adjacent to GRYN parks (Tables 2 and 3) and un-gaged spring
outflows in Bighorn Canyon NRA (Table 4).

We will use 3-day, 7-day, and 30-day average low flow discharge each year to estimate long-term
trends in low flow conditions. Because the biological and societal impacts of low flows differ in
summer and winter (Novotny and Stefan 2007), we will estimate the long-term trends for the 3-day
and 7-day low flow in summer (May to September) and 3-day and 7-day low flow in winter
(November to March).

3.1.1 Justification/Rationale for Objective 1

Flow variability and low flow conditions are believed to be one of the primary abiotic factors
structuring fish and other aquatic life in streams (Jackson et al. 2001; Fisher et al. 2012). As climatic
conditions shift, base flow conditions are predicted to occur earlier in the year and persist longer as
increases in regional air temperatures affect snowmelt and runoff patterns in mountainous rivers and
streams. Changes in summer base flows can affect fish and other aquatic biota. For example, summer
low flows often coincide with periods of increased water temperatures and decreased dissolved
oxygen levels. Specifically, lower summer flows and warmer water temperatures can alter the growth
and survival of salmonids (Xu et al. 2010) and other aquatic life. Summer flows are also important
for recreational activities (e.g., boating) and for downstream water users (Hamlet and Lettenmaier
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1999). Similarly, winter flow levels could affect recreational opportunities during fall and winter,
impose management considerations for downstream storage facilities (which typically evacuate
floodwaters in winter; Hamlet and Lettenmaier 1999), and alter ice dynamics in winter months.

3.2 Objective 2
Estimate status and trends in the timing of annual peak or non-peak high flow conditions of
USGS-gaged rivers and streams within or adjacent to GRYN parks (Tables 2 and 3) and un-
gaged spring outflows in Bighorn Canyon NRA (Table 4).

We will evaluate trends in the timing (date of peak flow or the single highest one-day annual
event) and magnitude of annual peak flow to consider long-term trends in these important annual
events. In addition to the single largest daily event, we will examine the annual average 3-day and
7-day continuous high flow events. Lastly, we will estimate changes in the magnitude of winter
peak flow (maximum winter flow or single highest 1-day event between November and March).

3.2.1 Justification/Rationale for Objective 2

River and stream flows shape almost every attribute of rivers and streams (Hart and Finelli 1999).
When flow conditions are pushed beyond the boundaries of the post-glacial history of a system, parts
of the system (e.g., biological communities and river channel properties) are likely to change. For
example, the timing and magnitude of annual and seasonal maximum flows are likely to occur earlier
in the year as increases in temperature affect snowmelt and runoff patterns in rivers and streams of
the Rocky Mountains (Pedersen et al. 2011a). Moreover, climate forecasts predict an increase in the
number and intensity of extreme meteorological events (Easterling et al. 2000). The biological and
societal effects of short and long duration high flow events and floods are still unclear (Messner and
Meyer 2006), especially when flow conditions outside the evolutionary history of organisms are
experienced on a more regular basis (Hart and Finelli 1999). Trends in high flow events will be
evaluated using 1-day, 3-day, and 7-day high flow and maximum winter flow metrics.

3.3 Objective 3
Estimate status and trends in socioeconomically important hydrologic conditions of USGS-
gaged rivers and streams within or adjacent to the GRYN parks (Tables 2 and 3) and un-
gaged spring outflows in Bighorn Canyon NRA (Table 4).

We will evaluate long-term trends in total annual river volume (based on a water or calendar year),
the timing (i.e., date) of half flow, and annual average stream flow or discharge rate.

3.3.1 Justification/Rationale for Objective 3

Water delivery to consumptive users and water-related infrastructure (e.g., boat launches, diversion
channels, and dams) were designed around quantitative estimates of historical flow conditions. Shifts
away from long-term conditions could pose unique problems for water resource managers, irrigators,
and the public. Trends in long-term annual flows and the timing of half-flows within GRYN parks
will be evaluated using the following annual metrics: total annual flow volume, annual average
stream flow, and timing of half flow.
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Table 2. USGS Monitoring Station ID and the elevation, latitude, and longitude for USGS stream gages
(sites) in the Greater Yellowstone Area, USA.

Water
Years of Elevation area
USGS Site ID | Site Record (m) (km?) Latitude | Longitude
13011900 5V‘¢fa'° Fork above Lava Creek, | 1o5c 5016 | 2,064 837 | 43.8381 |-110.4408
06207500 | Clarks Fork Yellowstone River | o, o016 | 1215 | 2984 | 45.0097 | -109.0653
near Belfry, MT
13046995 Fall River above Yellowstone 1993-2016 | 1,762 837 | 44.0619 |-111.1519
Canal, ID
Gallatin River near Gallatin 1930-1981
06043500 1,575 2,121 454972 | -111.2707
Gateway, MT 1985-2016 ' '
Gardner River near Mammoth,
06191000 WY (YNP) 1938-2016 1,714 513 44,9923 | -110.6910
Lamar River near Tower Ranger | 1923-1969
06188000 Station, WY? 1988-2016 1,829 1,730 44.9282 | -110.3943
Madi Ri West 1913-1973
06037500 adison River near 1/es 1983-1986 | 2,027 | 1,127 | 44.6571 |-111.0680
Yellowstone, MT?2
1988-2016
Pacific Creek at M wy . -110.
13011500 acific Creek at Moran, 1917-2016 2,048 438 43.8503 110.5178
Snake River at Flagg Ranch,
13010065 Wya 1983-2016 2,073 1,259 44.0989 | -110.6675
Soda Butte Creek at Yellowstone
06187915 NP Boundary, WY? 1998-2016 2,237 80 45.0028 | -110.0019
South Fork Shoshone River
06280300 near Valley, WY 1956-2016 1,890 769 44,2078 | -109.5553
Teton Ri Dri ID . -111.
13052200 eton River near Driggs, 1961-2016 1,814 872 43.7819 111.2092
Yellowstone River at Corwin 1889-1893
06191500 . 1548 6,775 451121 | -110.7937
Springs, MT? 1911-2016
Yellowstone River at 1926-1982
06186500 Yellowstone Lake outlet, WY 12:;1;3&132 2,355 2,577 445671 | -110.3804

2@ Indicates locations where GRYN'’s water quality monitoring is co-located.
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Table 3. USGS Monitoring Station ID and the elevation, latitude, and longitude for USGS stream gages
(sites) near Bighorn Canyon NRA.

Water
Years of Elevation Area
USGS Site ID | Site Record (m) (km?) Latitude |Longitude
06279500 Bighorn River near Kane, WY2 | 1928-2016 | 1,116 | 40,823 | 44.7586 |-108.2642
06287000 ,\B/lfah“" Rivernear St Xaviel, | 1934.2016 | 945 | 50,950 | 453169 | -107.9189
06207500 Clarks Fork Yellowstone River | o, ~016 | 1215 | 2984 | 45.0097 | -109.0653
near Belfry, MT
06289000 :\‘A'tTt'e Bighorn River near Wyola, | g49 5016 | 1,326 471 | 450071 |-107.6154
06317000 Powder River at Arvada, WY 1930-2016 | 1,103 | 15669 | 44.6500 | -106.1269
06278500 Shell Creek near Shell, WY 1940-2016 | 1,332 376 | 44.5650 | -107.7122
06285100 alh;sm"e River near Lovell 1966-2016 | 1,173 | 6,086 | 44.8386 | -108.4344
06280300 South Fork Shoshone River 1956-2016 | 1,890 769 | 44.2078 | -109.5553
near Valley, WY
06218500 | Wind River near Dubois, WY 1945-2016 | 2,191 601 | 43.5786 | -109.7592
06214500 :\(AeT"°WSt°"e River near Billings, | 1904 5016 939 30,580 | 45.8001 | -108.4680

Table 4. Un-gaged spring outflow locations monitored by GRYN within Bighorn Canyon NRA.

Years of | Elevation
Site ID Site Record (m) Latitude |Longitude
M-L Mason-Lovell, WY 2011-2016 1120 44,8292 | -108.1585
LCR1 Layout Creek (Upper), MT 2011-2016 1697 45,0982 | -108.2955
LCR2 Layout Creek (Lower), MT 2011-2016 1228 45.0774 | -108.2544
Intermittent

LH Lockhart Ranch, MT since 2011 1344 45.1354 | -108.2471
3.4 Objective 4.

Estimate status and trends in lake level (and commensurate pool volume) of USBR-gaged
reservoirs within GRYN parks (Table 5).

We will evaluate status and trends in the timing and magnitude of maximum and minimum
elevations (single highest and lowest readings within a year) to consider long-term trends in these
important annual events. In addition, we will examine the annual 3-day and 7-day maximum
elevation and 3-day and 7-day minimum elevation.
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3.4.1 Justification and Rationale for Objective 4

Lake levels are fundamental to maintaining ecological processes in and along lakes and reservoirs
and evaluating the response of regulated waters to changing upstream conditions and climate drivers
is becoming increasingly important to water resource managers. In regions where winter snowpack
and the timing of spring snowmelt strongly influence the management of reservoirs and water
delivery systems, future changes in meteorological conditions are likely to alter filling and drawdown
patterns of reservoirs (Barnett et al. 2005). Specifically, a reduction in the storage of water as snow
means changes to the timing and magnitude of runoff necessary to fill reservoirs. Warmer climatic
temperatures also likely contribute to increased evaporative losses from reservoirs. When these
patterns are combined with earlier and increasing societal demands for water, disputes for already
over-allocated water resources (like those in the Western U.S.) may follow (Li et al. 2010). Given the
increasing concerns over changing flow patterns and loss of water storage as snow, there is a growing
need to understand changes in the status and trends in reservoir levels — particularly in snow-
dominated regions (Li et al. 2010). Trends in long-term reservoir levels in Bighorn Lake (Bighorn
Canyon NRA) and Jackson Lake (Grand Teton NP) will be evaluated using the metric described
under this objective.

Table 5. USBR-gaged reservoir elevation stations located within GRYN parks.

Max
Max Pool Water
Years of | Elevation | Storage Dam Dam

Site ID Site Record (m) (acre-ft) Latitude |Longitude
BHR Bighorn Lake (Yellowtail),

Bighorn River near Fort Smith, 1967-2016 1,116 1,381,189 | 45.3069 | -107-9578
MTO00576

MT
JCK Jackson Lake at Dam on Snake
WY01385 River near Moran, WY 1910 - 2016 2,069 847,000 43.8594 | -110.5899
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4 What’s being Measured and How

GRYN will monitor stream, river, and spring discharge and the surface elevation of two reservoirs
(Bighorn and Jackson lakes) using the general methods described in peer-reviewed and approved
protocols by SWAN (Monitoring Freshwater Systems in the Southwest Alaska Network [Shearer et
al. 2015a]), and SIEN (Sierra Nevada Network River Hydrology Monitoring Protocol [Skancke et al.
2017a]), and peer-reviewed methodology already evaluated for the Greater Yellowstone Area (Al-
Chokhachy et al. 2017).

Data on river and stream discharge will come principally from established USGS monitoring stations
(see Tables 2 and 3 for a list of USGS-gaged waters). These data will be downloaded from the USGS
National Water Information System server at: https://waterdata.usgs.gov/nwis. Data on reservoir
surface elevation and estimated pool volume will be downloaded from the USBR Hydromet online
portal: https://www.usbr.gov/pn/hydromet/. Individual, real-time summaries for Bighorn Lake (BHR
— MTO00576; https://www.usbr.gov/gp-bin/arcweb_bhr.pl) and Jackson Lake (JCK — WY013085;
https://www.usbr.gov/pn-bin/arcread.pl?station=JCK) are also available.

Data for un-gaged stations tracked using automated water level loggers (e.g., water level survey data
described by Skancke et al. 2017b) or magnetic or ultrasonic flow meters operated by GRYN will be
downloaded quarterly and stored using AQUARIUS software following procedures described in
SOPs 11 and 12 from SWAN (Shearer et al. 2015b). At un-gaged sites, manual discharge
measurements will be used to develop rating curves of daily flow (see USGS guidance as an example
in Rantz et al. 1982a and 1982b). For developing those curves, manual measurements of stream and
spring outflow discharge will be measured six to eight times annually. In channels, discharge
measurements will be made at an established and georeferenced cross-section. When possible,
transient objects such as woody debris that interfere with laminar flow will be removed from the
vicinity of the transect area prior to beginning measurements. A measuring tape will be stretched
perpendicular to the stream flow and used to divide the stream into a minimum of 20 increments.
This attempts to ensure that no more than 5% of the cross sectional area will be represented by each
velocity measurement. If hydraulic irregularities are detected, additional increments will be
established to account for noticeable anomalies (Gore 1996).

Under wadeable conditions (see Lane and Fay 1997), velocities will be measured using an electro-
magnetic Marsh McBirney velocity meter affixed to a graduated, stainless steel, top-set wading rod
(Nolan and Shields 2000). Velocities are measured at a depth of 0.6 times the total depth with the
rod resting on the bottom. The depth of the velocity meter probe is automatically adjusted to 0.6
times the depth when the vernier scale converter on the rod is set to the correct water depth. During
elevated flows when wading is either unsafe or not possible, measurements will not be made. When
water depths exceed 2.5 feet (0.75 m), measurements will be taken at 0.2 and 0.8 times the depth, and
average velocity is reported. Likewise, at depths greater than 2.5 feet (0.75 m), an additional velocity
measurement is taken at 0.6 times the water depth when one the following conditions exist: 1) when
water velocity at 0.8 times water depth is greater than water velocity at 0.2 times water depth, or 2)
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when water velocity at 0.2 times water depth is more than twice the water velocity at 0.8 times water
depth.

For springs where discharge is estimated using an automated magnetic or ultrasonic flow meter,
manual volumetric (see Weissinger and Moran 2015) spring flow measurements will be used in
tandem to develop a rating curve between the automated measurements and the manual volumetric
discharge measurements. Volumetric discharge measurements will be made by placing a 1-L
graduated cylinder under the down-stream end of the spring discharge pipe (see photograph below)
and documenting the time required to fill the cylinder. Discharge is expressed as volume per unit
time. During each site visit, four individual measurements will be collected and the average of these
measurements will be used to calculate the final flow at the site in liters per second (L/s).

g N
ST 3 3 b oo el L R

Discharge measurement location for the Mason-Lovell spring at Bighorn Canyon NRA. December 2012.

Daily estimates of discharge (for rivers, streams, and spring outflow) and surface elevation and
estimated pool volume (for reservoirs) will be used to summarize the metrics described in Tables 6
and 7 and used to characterize the status and long-term trends in discharge (rivers, streams, and
springs) and surface elevation and corresponding pool volumes (reservoirs). At USBR- and USGS-
gaged locations, only USBR or USGS ‘approved’ surface elevation or discharge information will be
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used for reporting purposes. Provisional data (see
https://help.waterdata.usgs.gov/policies/provisional-data-statement) may be used for preliminary

analyses or for special or time sensitive resource purposes, but GRYN will not use data flagged as
‘provisional’ for trend reporting. For GRYN-maintained gages, discharge records will be plotted

against time and data points that represent unexplained outliers or that appear unrepresentative of
actual flow (e.g., due to a runoff event, channel modification, icy conditions, or unreliable equipment
readings) will be eliminated from the analyses (see Weissinger and Moran 2015).

Table 6. Monitoring metrics, objectives, and methods for GRYN parks based on conceptual models for
river, stream, and spring ecosystems. All metrics will be based on daily estimates of discharge from
USGS or from GRYN managed spring locations.

flow

Objective
Discharge Metric Number Sampling Method Data Collected
Depth and velocity for discharge
Manual measurement of | estimates from channels; volumetric
Instantaneous Discharge 1,2,3 discharge, estimated from | estimates from springs; USGS data
rating curve summaries from National Water
Information System (NWIS)
Estimated from ratin USGS daily data summaries from
Date of peak flow 2 curve 9 NWIS; daily discharge summaries
GRYN produced rating curves
Magnitude of peak flow 2 Estimated from rating Same as above
curve
Magnitude of winter peak flow |2 Estimated from rating Same as above
curve
3-day, 7-day, and 30-day high 2 Calculated Same as above
flow
3-day, 7-day, and 30-day low | , Calculated Same as above
flow
3-day and 7-day low flow (in 1 Calculated Same as above
summer)
3-.day and 7-day low flow (in 1 Calculated Same as above
winter)
Total annual river volume Calculated Same as above
Timing of half flow Calculated Same as above
Annual average daily stream 3 Calculated Same as above
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Table 7. Monitoring metrics, objectives, and methods for GRYN parks based on conceptual models for
reservoir ecosystems. All metrics will be based on daily estimates of surface elevation and pool volume

from USBR managed monitoring locations.

elevation

Elevation Metrics Objective
(Reservoirs) Number Sampling Method Data Collected
Instantaneous surface elevation 4 zﬂt:n:aggﬁasggrf?ss of USBR data summaries from
(and associated pool volume) .g ’ HYDROMET Data System
rating curve
Annual elevation maximum 4 Estimated from rating Same as above
curve
Date of maximum elevation 4 Estimated from rating Same as above
curve
Annual elevation minimum 4 Estimated from rating Same as above
curve
Date of minimum elevation 4 Estimated from rating Same as above
curve
3-day .and 7-day maximum 4 Calculated Same as above
elevation
3-day and 7-day minimum 4 Calculated Same as above

22




5 Sampling Design and Monitoring Schedule

GRYN’s overall discharge monitoring approach is USGS/USBR-based; the approach simply utilizes
existing USGS gaging stations to characterize the status and long-term trends in the timing and
quantity of discharge in flowing waters in and surrounding GRYN parks and surface elevation
dynamics of two reservoirs. Our reliance on a sampling design that uses existing long-term USGS
and USBR gage records is consistent with efforts across NPS I&M networks (Jones et al. 2010;
Madej 2011; Andrews 2012; and Skancke et al. 2017a). This approach leverages the century- to
decades-old records that already exist for many gaged rivers throughout the U.S. Given the high
seasonal and among-year variability in discharge data, the existence of long-term USGS discharge
and USBR surface elevation records will be particularly valuable for trend analyses of surface water
resources (see Skancke et al. 2017a). Pre-existing gages that predate the I&M program allow an even
longer term data series to be evaluated for trends and allow for spatial comparisons to be made for
patterns occurring regionally or even nationally.

5.1 Sampling Design

In order to select a subset of rivers and streams for status and trend monitoring, GRYN assembled all
USGS river and stream monitoring station locations and available records that could be used to
describe the discharge patterns of river and stream flow in and immediately surrounding GRYN
parks. The available discharge records varied dramatically in length (see Tables 2 and 3 and
Appendix A) and some records contained gaps (i.e., monitoring was suspended) of few to many
years. To assess the trends in river and stream flow conditions over the past century, we prioritized
waters that were co-located with our existing water quality monitoring stations (see Tables 2 and 3).
All criteria considered for USGS station inclusion are listed below and a list of stations included in
this GRYN protocol are summarized in Tables 2 and 3.

Selection Criteria:
1) River/stream sites that are co-located with GRYN water quality monitoring locations
2) River/stream sites that are physically located within or just outside the park boundaries
3) River/stream sites that integrate conditions of multiple tributaries (e.g., the Madison River at
West Yellowstone integrates conditions in Gibbon and Firehole rivers that also have USGS
gages)
4) River/stream sites that represent the least altered conditions (e.g., Snake River at Flagg Ranch

does not have the types of upstream manipulations that the Snake River at Moose station
does)

5) River/stream sites that support the longest record of flow

In addition to the streams and rivers that were selected, two reservoirs (Bighorn Lake and Jackson
Lake) are included in this GRYN protocol as these reservoirs were described as important indicators
by resource managers to GRYN during initial monitoring scoping sessions/documents (see Jean et al.
2005). Lastly, from greater than 28 identified springs in Bighorn Canyon NRA, three representative
springs (Kaylor et al. 2015) were selected for discharge monitoring. To identify representative
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springs, we first considered residence times and chemical profiles of identified springs. Clustering
approaches of geochemical signatures identified three dominant spring types (see Schmitz et al.
2007) and from these, spring suitability for long-term monitoring was based on ability to accurately
collect discharge measurements (e.g., presence of a downstream channel or existence of a discharge
pipe) and proximity to one another (Schmitz et al. 2007). Layout Creek below Layout Spring,
Mason-Lovell Spring, and springs associated with the Lockhart Ranch were identified and are
included in this protocol.

5.2 Monitoring Schedule

Data on river and stream discharge will come principally from USGS stations (see Tables 2 and 3 for
a list of USGS-gaged waters). These data will be downloaded from the USGS National Water
Information System server. Data on reservoir surface elevation and estimated pool volume will be
downloaded from the USBR online portal for Bighorn and Jackson lakes. Data will be downloaded
annually after provisional flags from the reviewing agency (USBR or USGS) have been removed.

For Bighorn Canyon NRA spring monitoring, discharge will be measured manually six to eight times
annually for the development and maintenance of site-specific rating curves. Quarterly, GRYN will
download data from automated water level loggers (e.g., level survey data described by Skancke et
al. 2017b) or from magnetic or ultrasonic flow meters operated by GRYN. Quarterly downloads will
be loaded into and stored using AQUARIUS software following procedures described in SOPs 11
and 12 from SWAN (Shearer et al. 2015b).
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6 Data Management, Analysis, and Reporting

The types of data to be collected and the requisite processing steps as part of the GRYN protocol
implementation plan for monitoring discharge (and surface elevation) are described below and in
accordance with the GRYN generalized Annual Project Information Cycle (see Figure 7). Data used
for discharge summaries represent two distinct source types: GRYN-generated data and provider-
certified data from USGS and USBR. Consistent with Skancke et al. (2017a), the data management
activities and Annual Project Information Cycles for these two data sources are shown separately to
distinguish the differences, but also to highlight the similarities in the information cycle. To that end,
annotated versions of the Annual Project Information Cycles for GRYN-generated discharge and
provider-certified data are included here (see Figures 8 and 9 in sections 6.1 and 6.2 below). Please
note that data from USGS and USBR will be downloaded and processed annually only after all
provisional flags from the providing agency have been lifted.

Data Entry and
Processing

Data Acquisition

Preparation

Quality Review

Metadata

Data Certification

Quality Assurance

Annual Project
Information

[ Season Closeout ] Cycle

Data Delivery

Data Analysis

Product
Development

and Documentation

Archival and
Records
Management

Posting and
Distribution

Product Delivery

Figure 7. GRYN generalized Annual Project Information Cycle showing the annual start (i.e., preparation
stage) and end (i.e., season closeout) points for data associated with GRYN protocols.
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6.1 GRYN-generated Data
The Annual Project Information Cycle for manually collected data and associated automated data
collection is shown in Figure 8 and summarized below.

1))

2)

3)

4)
5)

6)

7)

8)

9

Our annual discharge monitoring campaign will be initiated by a careful review of the GRYN
Protocol Implementation Plan for Monitoring Discharge in the Greater Yellowstone Network
Parks and its associated standard operating procedures (see Ray et al. 2017).

Manual discharge measurements will follow standard procedures for wadeable waters (see
SOP 1: Discharge Measurement in Wadeable Waters and SOP 2: Volumetric Discharge
Measurements in Developed Springs in Ray et al. 2017). Necessary readings will be
documented on each sampling trip using field forms (Figures 1-2 and 2-1 in SOPs 1 and 2
from Ray et al. 2017). Copies of field forms and field notes from previous visits will be used
to help confirm the results. Results of the previous year’s discharge estimates will also be
available digitally on-site to provide context for the current estimates.

Raw water level (stage) or flow datalogger files will be downloaded from loggers and stored
as a comma-delimited text (.csv) file. All data files will be viewed graphically along with the
record from the previous year in AQUARIUS.

Manually collected data will be entered into standardized spreadsheets (Figure 1-2 in SOP 1).

An independent reviewer will perform a 100% quality control check on data from paper
forms. Any associated field notes will be reviewed by an independent reviewer for
completeness.

Downloaded data will be uploaded to AQUARIUS as a Data Set to identify data gaps or
erroneous data.

Successfully uploaded data originating from automated loggers and from discrete discharge
measurements will be independently reviewed in AQUARIUS.

Erroneous/suspect data will be flagged and investigated. If flagged data are determined
unusable, they will be annotated with documentation to support the decision to exclude them
from the analyses. After the review of flagged data, remaining data will be flagged as
certified in AQUARIUS.

The Rating Curve tool in AQUARIUS will be used to develop stage-discharge relationship
for GRYN-generated data.

10) Daily discharge will be calculated from continuous stage or flow data in AQUARIUS.

11) Daily discharge metrics summarized in Table 6 will be calculated from raw certified data.

12) Certified data will be uploaded to NPS Data Store and these data are used in analyses.

13) Report will be prepared using results of discharge analyses. Once complete, the report, data

sets, statistical code, and any other derivative products will be uploaded to NPS Data Store
and GRYN’s website and managed as a long-term program records.

14) Paper field forms will be archived locally, scanned, and uploaded to NPS Data Store

annually. On a routine schedule, paper field forms will be sent to national archives.
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15) Year-end meeting will be scheduled to review annual activities and products in preparation
for next information cycle (Figure 8).

Review 100% of Entered
Data, Discharge
Calculations, and
Continuous Stage

Evaluate, Flag, and
Document or
Remove Raw Data

Enter Data and
Upload to
AQUARIUS

Records
MzaSI..,lrehand : Certify/Approve
Recor hD':’_C I;rge il Reviewed Data Prior to
e Analysis, Reporting, or
Quality Ass'-"'al'lce Sharing Externally
Follow GRYN’s
Discharge Protocol
_ andProcedures Annual Project
2 " Information
Review Annual Cycle Upload Data to the
Activities and Products NPS Data Store
in Preparation for Next
Cycle

and Documentation Calculate Metrics

Archive Field Forms, and Analyze Data

Related Physical
Materials, and
Certified Data

Prepare Annual
Discharge Summary
Report

Upload Report to
NPS Data Store and Publish Findings in

GRYN’s Website NRR and Via Online
Visualization Tools

Figure 8. GRYN Annual Project Information Cycle for manual and automated discharge data collection.
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6.2 Provider-certified Data

The Annual Project Information Cycle for provider-certified discharge and surface elevation data is
described below and in Figure 9. The information cycle for the provider-certified data will be
identical to the GRYN-generated data for steps 1 and 12-15 above. However, the use of certified data
simplifies the intermediary steps.

1) Certified USGS daily discharge and USBR daily surface elevation and pool volume data will
be acquired from NWIS and HYDROMET for use in analyses.

2) Daily discharge and surface elevation metrics summarized in Tables 6 and 7 will be
calculated and analyzed from provider-certified data.

Download Provider-
certified Datafrom
NWISand

HYDROMET

Quality Assurance

Follow GRYN's
Discharge Protocol
and Procedures

Annual Project
Information

Cycle

Upload Data to the
NPS Data Store

Analyze Data

Prepare Annual
Discharge Summary
Report

Review Annual
Activities and Products
in Preparation for Next
Cycle

and Documentation

Archive Field Forms,
Related Physical
Materials, and

Certified Data

Upload Report to
NPS Data Store and Publish Findings in
GRYN'’s Website NRR and Via Online
Visualization Tools

Figure 9. GRYN Annual Project Information Cycle for discharge data downloaded from provider-certified
sources (i.e., USGS and USBR).
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7 Budget

The estimated annual cost for GRYN’s Protocol Implementation Plan for monitoring discharge is
presented in Table 8. The workload associated with the protocol implementation plan is
predominantly office-based and requires only limited fieldwork at Bighorn Canyon NRA. In
addition, there will be startup costs associated with monitoring previously un-gaged systems at the
park. We anticipate these costs to be around $5,000 including equipment and supplies, ecologist and
hydrotech time to establish sites, and initial data collection. Once initial costs are incurred, we
estimate that the total annual cost to implement this protocol will be between $31,000 and $37,000.
This includes field time at Bighorn Canyon NRA and personnel time to manage, analyze, and report
data collected in the field and downloaded from other sources. In addition GRYN also currently
provides $8,000 annually to support the USGS gaging station on the Snake River at Moose, WY. For
the five-year analysis and reporting effort for the protocol, there would be an increased labor cost of
approximately $30,000 for additional time: for the ecologist (0.1 FTE ), data manager (0.05 FTE),
hydrotech (0.15 FTE), Program Manager (0.02 FTE), and Writer/Editor (0.02 FTE).

Table 8. Estimated annual operating cost (based on FY 2016 dollars) for monitoring discharge. Budget
does not reflect matching support provided by parks and partners.

Category Item Detail Costs (FY 2016) | Notes
Ecologist $12,456 0.12 FTE or 3 pp GS-12
Data Manager $4,710 0.04 FTE or 1 pp GS-12
HydroTech $8,456 0.15 FTE or 4pp GS-7
Personnel
Program Manager $2,500 0.02 FTE or 0.5 pp GS-13
Writer/Editor $1,500 0.02 FTE or 0.5 pp GS-9
Total Personnel Costs $29,622 -
Water level loggers (3) $900 One time purchase with periodic
replacements
Equipment - . o
and Supplies | Ultrasonic flow meters (2) $3,000 One time purchase with periodic
replacements
Total Equipment Costs $3,900 -
Flo Mate Calibration $300 -
Anngal Ultrasonic Flow meter calibration $1,000 -
Service
USGS Snake River Moose gage $8,000 -

Travel to BICA for monitoring

Travel to BICA | (4 trips annually ~ 3 days each)
for monitoring

Vehicle Travel (450 miles/trip

(4 trips - $972 _
annually ~ 3 @$0.54/mile)
days each) Accommodations (winter only; 2 $320 B

people x 2 nights @ $80/night)

29



Table 8 (continued) Estimated annual operating cost (based on FY 2016 dollars) for monitoring
discharge. Budget does not reflect matching support provided by parks and partners.

Category Item Detail Costs (FY 2016) | Notes

Travel to BICA | Per diem (2 people x 3 days

for monitoring | @$20/day) 3450 _

(4 trips
annually ~ 3
days each)
(continued)

Total Annual Travel Costs $1,772 -

Total Annual Range depends on equipment
Protocol Costs $39,000 - $44,594 purchased, replaced, or calibrated
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8 Safety

Implementation of the discharge protocol has few added risks for GRYN’s operations since the
principal data sources are available online from USGS and USBR. On the other hand, the work
conducted at Bighorn Canyon NRA that is specific to spring monitoring is complementary to
currently ongoing water quality monitoring work and will be completed during our regularly
scheduled quarterly monitoring visits.

The Job Hazard Analyses (JHAs) for GRYN’s Water Resources Monitoring program applies to all
water related monitoring activities including activities described in this protocol implementation plan
that will be carried out at Bighorn Canyon NRA. The Water Resource Monitoring JHA and other
relevant JHAs associated with fieldwork and driving apply to all personnel who will assist in the
implementation of portions or all of the protocol. To that end, we have identified the principal risks
(below and in the JHAs) and the risk abatement strategies (including training needs) in each JHA.

Specific safety concerns and potential hazards related to this protocol implementation plan include:
1) Traveling to and from field locations
2) Hiking to field sites
3) Crossing rivers and streams
4) Encountering noxious plants, dangerous animals, disease, and people
5) Sampling springs and seeps
6) Sampling during high flows or following a storm event

7) Exposure to environmental variables

Based on the JHA and associated risk abatement/mitigation actions described in the JHAs it was
determined that this GRYN protocol can be safely implemented provided that GRYN and partner
staff implement it in accordance with the referenced SOPs and recommended risk abatement actions.
Personnel involved with GRYN discharge monitoring must review the relevant documents, SOPs,
and JHAs (Table 9) annually. They must sign the JHAs associated with this GRYN protocol
implementation plan (see below). In addition, all NPS GRYN personnel will follow the Safe
Practices Manual and Emergency Operations Plan specific to the parks where we are working.

Table 9. Relevant JHAs and location on the GRYN server.

JHA Location on the GRYN Server

Water Resource Monitoring JHA | U:\Admin\Safety\GRYN_safety plan\GRYN_Job_Hazard_Analysis
Driving Safety JHA U:\Admin\Safety\GRYN_safety plan\GRYN_Job_Hazard_Analysis
GRYN Safety Plan U:\Admin\Safety\GRYN_safety plan
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9 List of Associated Standard Operating Procedures

The following four discharge monitoring standard operating procedures (SOPs) can be found in the
accompanying SOP document (Ray et al. 2017).

SOP 1. Discharge Measurement in Wadeable Waters
SOP 2. Volumetric Discharge Measurements from Developed Springs
SOP 3 Rating Curve Development in AQUARIUS from Automated Water-Level Measurements

SOP 4 How to Analyze, Track, and Report USGS Discharge Data
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Appendix A. Job Hazards and Risk Assessment

(Updated May 2016)

This appendix contains the current GRYN Job Hazard Analyses (JHAs) for Water Resource
Monitoring, Driving, and Office Work.

In addition, GRYN has considered the application of the GREEN-AMBER-RED (GAR) Risk
Assessment Model as outlined in the NPS Operational Leadership Student Manual (Version 2; July
2011) for water-related and other field activities in Bighorn Canyon NRA, the park where the bulk of
the manual and automated discharge monitoring work described in this GRYN protocol
implementation plan will take place. The GAR model is a general assessment of a task or operation
and generates communication concerning the risks of an activity (in this case, carrying out discharge
measurements in the field — the field-based activities associated with this protocol implementation
plan). The most important part of the process is the team discussions prior to potentially hazardous
activities or tasks that will lead to a better understanding of the risks and how they will be managed.

A GAR assessment for all GRYN fieldwork including water quality and discharge monitoring of
spring outflows and seeps in Bighorn Canyon NRA was conducted on 6 March 2013 and involved
GRYN and park staff. We have integrated the results of this GAR assessment into the JHAs
associated with the Protocol Implementation Plan for Monitoring Discharge in the Greater
Yellowstone Network Parks.
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JOB HAZARD
ANALYSIS

JOB TITLE (and number if applicable): DATE: NEW

GERYN Water Resource Monitoring 02/06/2013 | REVISED 3/2016 X
EKS

Title of Person Who Does the Job: Analysis By:

Aquatic Ecologist, field technicians, and Andrew Ray

others (1e. university interns/students)

assigned to field work
Supervisor: Reviewed By: Cathie Jean (2/28/2013)
Eristin Legg

Park: Dyvision: Approved By:

Greater Yellowstone Network Parks Inventory and Monitoring Knistin Legg (last reviewed 2017)

REQUIRED AND/OR. RECOMMENDED PERSONAL PROTECTIVE EQUIPMENT:

1. Shody hiking boots 11. Insect repellent (hezd net)

2.  Person flotation Device (U.E. Coast Guard Tvpe I) 12, Compaszs /GPS ot

3. Waders (chest-high with 2 belt) 15, Maps

4. Walkmg/ wadng ztaff 14. Emergency contact information

3. Long pant= 13, Extra warm clothing.

6. Sum hat, sumecreen and polarized sunglazzes 16, Fain gear

7. Parsonal water bottles 17. Food

E.  Fistadkat 13, Throw rope'throw bag

9. Commmmication equipment 1%, Bear spray

10, Safety wiastle

SEQUENCE OF BASIC JOB STEPS POTENTIAL HAZARDS EECOMMENDED ACTION OR

PROCEDURE

Calibrating Water Quality Monitoring Equipment

Expozure to sharp objects when cleaning and calibrating
equipment.

Carefully inspact aquipmant for sharp objects (a.g. sharp
edges to probes or broken glass bulb on pH electrods) or
forengn objects that may have bean collected in
mstnmments that oceurred durmgz previcus nze.

Follow mamifactores recommendzhons for proper
claaning of metniments and probes.

Expozure to calibration chermeals

Feview and display MEDS shests for all calibration
standards.

Enow proper storage, handling, and disposal
recommendztons for each calibrant.

Wear zafety zoggles, rubber gloves, and a water proof
apron when calibrating equipment.

Locate rimze and eve wash stations prior to imtiating
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calibration.
Emargency contact imformation should be dizplayed m the
event of exposure or spalls.

Travel to and from Field Locations In Vehicle

Fefer to GEYM Drmving Safety THA

Fefer to GEYH Drmving Safety THA

Communication (please follow check-in, check-
out procedures and emergency contact in Safety
Plan)

Leoss of contact with field parmer{s)'team mamberis)

Stay together. Do not leave work partner (maimtaim a
distance of no more than 30 vards); if luking on a frail,
stop at regular intervals to let partner catch-up; if ikng
off trail, stay within visual distance of cne ancther.
Commnmicate off trail routes prior to contimung.

Make zure radios are charged and on the correct chammal.
Uzz cell phone (if availzble and coverage), a5 this may be
more rehiabla for commumicztion m remote locations.
E=tzblizh regular contact meeting tumes where faslure to
contact triggers amargency procedures.

Clearly establizh trizzers for emergency proceduras, avord
false alarms.

Saparate commmupneation devices so that they are not held
b the zame person.

Carmry S3POT Locator beacon and uze 1t if partner can’t be
found and there is an emergancy situation.

Sound zafety whistle to halp others locate vour position.

Unable to reach a radio repeater in a remote location

Cheack to make sure radio i= on the corract channel.

Iizke sure radio 1z charped- trv to comtact someons on the
radic to mfomm him'her of vour pradicament; of vou are
wunzkls to rezch a rapeater from your location, seek higher
grounds by clombing upzlope toward 2 nidge top or knell
and try agam; try at regular mtervals, meandering aroumd
may help m getting 2 signal.

Uza cell or zatallite phone (1f available), as this may be
more reliable for commmmication m remote locations.
Uzing 8POT locator beacon to check m regularly and if
needed to contact Search and Eescue parsonnel to imtiate a
Tescus.

If umable to make contact, return to fromt-coumty ASAT &
contact project coordinator, program manzger or safety
officer.

SPOT locator beacon does not work; cannot mzke verbal
contact with GRYI staff

Uza radio to contact Park dizpatch to relay meszaze on
safety status and to notfy project coordinator about SPOT
mazlfimetion.

If umable to make contact, return to front-coumtv ASAT &
contact project coordinator, program manager or safety
officer.

Hiking to Field/Sampling Sites

Staep, ruzped, and shippary terram

Azzezs ferram conditions to find safs route and modify
sampling plans to avoid unsafe areas; proper footwear 1z
VEEY important- wear bootz with ship-resiztant solss with
tonz well shove the ankla. broken in before the field
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seazon, plus extra socks, MO TENHIE SHOES or open
toed sandals.

hzmtam an erect posture when contouring steap zlopes;
avoid walking below another person due to the potentzal
for rocks to dislodze from abova.

Avoed walking across waterfalls or spring dizcharge pomts
when poszibla.

Avord walkimg or liking routes that have extendad
sections with wet, moss coverad substrates.

If you kmock a rock off call out “rock™ to notefy thoze
below you that a rock 1= fallmg.

Mo glizsadmz allowed through mnow felds or shdmz doom
waterfalls or moss covered slopes.

Undergrowth

Jear zafety glazzes (or other glassas) when hikmg in
brushy areas to protect eves from protmding objects.

Rocks/climbing

Vertical climbmg should be avoided wmless outfitted with
proper rock climbing gear and you ars tramead.

Avond routes that require extensive seramblmg or climbmz
up waterfalls or moss coverad rocks.

Be aware of lozs debris when moving up slopa. Test rocks
that may be uzad as holds, stay out of ther path when
testing. When below someons stay out of way of fallmz
debris.

Crossmgz fences

When pozzsible use gates (leave them open or closed
depending on how vou find them) if no gate 1z avalabls
crozz under or over with cawhion.

Azzist other crew members by holding fence wire apart,
pass pack over first to help with balanca.

Blisterz and/or foot problems, sprained knees or ankles

Exchange wet zocks with dry =ocks to mutigate blisters.
Treat mmrmadiately to prevent mcreased damaze.
Tum areimd and return home 1f ankls or knee i= spramed.

Backpacking with Heavy Loads to Field Sites

Heany, exceszive loads and load mstability

Camry no more than 1/3 of your body waight but not more
thian 60 Ibe while travelmg m the backeountry.

When carrying heavy loads, pack the gear so that heavy
equipment 1= carried low on your back to increass stability.
Conzider using likong poles (aspactally when croszmg
mivars and streams).

Azzess aquipment needs to ensure only required equipment
1z being carmiad.

Uzz good backpack with lap belt o bettar disinbute
waight.

Winseular pain & soreness

Stay in condrtion by using callisthenic exercizes that focus
on body strenpth, endurance and flesability. Start elowly
to ensure muscle groups are ziven adequate time to wanm
up. Uze stratchms ewarcizes bafors starting.
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Dion’t contizme if 2 problem 1= encounterad that could lead
to an aceident.
Tum arcumd if there 1=z 2 spramed knee'ankle back, atc.

Fatizue

Take frequent breaks for food and water. Plan trips such
that hilinz distancs iz reasonabla.

Back strain

Lift loads wath vour lags to avord back mjuriaes.

Crossing Rivers & Streams

Falling and being swept downstream

Eeview “Back and Bavond™ safety vadeo.

Dion’t cross moving water maore than waist deep or where
welocity 1= o fast that zafe footing 15 impozable.

Uza the “floating stick™ method to detarmme if water 1=
moving too quickly to eross -— toss 2 stk mto the watar,
if the floatmg =tck moves faster than vou can walk, waters
are potentially wmsafe to cross.

Choose a safe location for crossing streams. Usually,
ripples and'or wider stretches mdicate shallower water.
Tha area =hould be free of large debns.

Azzazs terram dovmstream for a safe place to gat out
should you fzll in and for downstream havards.

Pack away excess clothing, 25 wet clothmg increazas
walght and can drag a perzon dovwn if swapt mto the wataer.
Usz appropriate footwear or chest waders when croszing;
wadars should already be part of gear.

Unbuckls pack zo that 1t can be shed in case of 2 fall.
Cross one at 2 time; always watch vour parimer whils they
are crossing.

Usz pola or wading staff for added stabality.

When crozzing, move and look upstrean fo identify any
objects that may be floating dovwmstream.

Lean shightly into the cwrrant and shuffls sidewayz ata
slight anzls I an upstream direction.

If zwrapt downstrezm, float with fest downstream to
bounce off obstacles and protect head.

If helping someone who has fallen make sura vou are in a
safe zpot and will not be pulled 1.

Uza a throw rope to provide an emergency line to someons
that 1= m the water and in need of emergency zssistance.
Iizke sure to tie the rope to a securs struchrs mmediately
after comtact 1= made with the tarzet.

Encountering noxious plants, dangerous animals,
disease, and people

BeasWazpsHomets

Diaternuine if any field crew are allargic to bes stings.
Motify other crew mambers and the suparvizor if vou know
you are allerpic to bee stngs.

Enzurs that individual carries prezcribed medication to
pravent anaphylactic shock and that they kmow how to use
and safelv handla the EpaPan; carry a bee shing kat or
Benadryl or other antilustarnmes.

Be aware of the groumd whare vou step- some homets
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Tuild nestz i the ground at the base of trees or shrubs, or
1 rotten logs- watch for beas burring in and out of holes
or around sround leval.

Ticks

Avond tick bites by wearing protective clothing (long pant=z
and shirts with long sleaves).

If butten bey a tick, remove it {zrasp tick with tweezers at
head and pull straight out); keep m plastic container (1f
pozzible) or tape it to a piece of paper, and keep 1t m the
event of illness. Motifi supervizar vou ware bittan by a
tick. Fill cuf an acerdent report m the avant that svmprtons
of Lyme disease or other tick ralated diseasze appear later.

Moamquitoas

Jear bug repellant and long slesve shirt to pravent bitas;
be aware of West Mils Vinus symptoms.
At the height of the bug season, uze mozqurto hezd nets
{bad netz for cabms toao).

Wioumtzm honsarolves

Avord moamtam hons'wolves; if vou encouwnter 2 lion that
doemn’t rom from vou- leave the zraz; if attzcked- fight
back usmz rocks and sticks or whatevar you may have!
Stay big and trv not to crouch down,

Be aware duning dawn and duszk time paniods.

Alwavs work 1n groups of tero or more.

Eeport all moumtaim lionwolves sightings to superisor. If
thera iz an meident, raport 2s soon as pozsible.

Uza baar spray if vou have to.

Bears (Black and Grizzly)

Wark in groups of two or more. [f necessary post a lock
out who can watch for bears and let others kmow the baars
location if spottad.

Prevent surprize encownters by makmg plenty of noise,
especially when working near nmmning water.

When working m Grizzly bear habitat, camy bear spray on
your bodv whers it 1= zecessibla at all imes. Do not leave
behmd wath vour pack.

Be extremely carsful with bear spray o that vou don’t
accidently sprav vourself or 2 member of your group.
Salact travel routes to avold walking in ecotones (edge of
forest'meadow) whera bears takee naps/daybeds or where
they may feed on carcaszs.

Eaep bears at a distance; detour as far as poszible behmd
and dovwnwind of the bear.

Dion’t leave food or bavarages umattendad

Follow zafety food storage ordars. Proparly store food,
thoroughly wash dishes and keep 2 clean camp area. Set up
camp to kesp zleeping and cooking areas separate.
Continue to make noise whils working at the sampling
zite.

Participate m amnual bear safety traiming.
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Feport all bear sightings to supervisor.
Ay imeaderts with a bazr need to be reported mmediztely
to a park rangzer or stz

Zoonotic Dhzeaszs (bubonic plague, Hanta Vires, rabies

Stay away from dead rodents and rodent faces, ezpecially
i clozed buldings.

Do not handla amy species of dead animal unless tramed to
do zo. Larger anmmals can carry diseasze as wall.

Uzz a zolution of bleachwater to spray feces for clean up.
Bewara of symptoms, 1f vou have bean m an area or feel
that vou might have bean eposed tell vour supervizor. If
vou feel at all zick zo to a doctor and nobfy them of
potential exposura. Tell the doctor what you do if you zat
zick durmg the fisld seazon.

Encounters with strangers

Feport mneomfortable encounters with stramgers to the law
enforcement, agancy Lead or Dizpatch and supervisor as
zoon az possibla.

Feport apparent illegal activity to 2 WPE park ranger or
USFES law enforcement officer.

Do not get into 2 confromtztion with othars on the fraal or
camperounds, leane the area as quekly as pozzible without
alarting the indridual.

If not able to gat to 2 vahicle or zafe location and an
mcident 15 sccurring try to find a safe place to take cover
urtil vou can move to zafety and reach help.

Treatmeant of general mpures

All fisld crew members should have currant first aid and
CPE. certification.

Femain cabm 1f thers 1= an imjpury.

Call for emerzency help 1f needed do not feel the need to
zelfrescus.

Feport any imjury no matter how minor to supervisor.

Collecting Water from Eivers and Streams

Wadmg m flowing water

Jear a 1.8, Coast Guard approved Type I or Twvpe II
Parsonal Flotation Devics when working i water that is
over kmes dasp.

Always uze mizct, properly fitting waders with a belt strap,
when zamplng water that 1= above kmes deep.

Evvan wrth PFD, don't wade mtc water that 1= mors than
wast deep especially when torbudity lomits vour abality to
sea mbo the water columm or when tha current 1s swift.
Aseoid wadmg through areas with large scommilations of
woody debniz (1e. downed trees or near beaver lodges).
Pack away excess clothmg, as wet clothmy increasas
waight and can eazily hang up on branchas or donmed
materials nddan pust baneath the water surface.

If wearing a pack while wadmg, wnbuckle pack zo that it
can be shad easily in the event that you lose your footing.
U=z pole or wading staff for added stability whean
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surveving in flowmg water or m backwaters with soft
substrates.

Wade mto flowmz water one at a time; always watch and
listen for vour parmer whila they are collecting water in
strezms.

If helpmg someons who has lost their footing or 15 mured
1 soft substrates, make surs vou are in a safe spot or on
firm ground; use a staff or throw rope fo provide a lme that
your survev parmer can use to self-exiract.

Drovming

Wear a 113, Coast Guard approved Typel or Tvpe II
Parsonal Flotation Device when working m water that iz
over knee daep.

Alwzaye wear chest waders with a waist balt when wading
n rivers and strezms; waist baltz will frap ar in lower part
of waders and allow you to float in the event of a fall.
Uza a wadmg =taff to a1d in travel through standmg water.
Usza polanizad sumglasze: to help identify debris and other
materials below tha water surfaca.

Stay within earzhot and sight of your survey pariner. Be
zure to check on partner every fewr minutes visnally or
werbally if you can’t zee them,

Hava a throw rope available in the event that an
emergency lme can aid m safs extraction of somacne
working m standing water.

Be famular with wamg CPR and other first aid techmiques
1n case parinar has fallan'drowmed m water.

Sampling during High Flows or Following a
Storm Event

Expozure to High Flows

Wevar wade into water that 15 more than waist deap
especially when turbidity linits vour ability o zae into the
water column or when 2 storm 1= approachmg.

Wear a 113, Coast Guard approved Type [ or Tvpe II
Parsonal Flotation Device when working mn water that 1s
over knee daep.

Always use mtact, proparly fttng waders with a belt strap,
when sampling water that 1= above knes deep.

Uz2 2 wadmg =taff

Hava a partner watch as water iz collectad; hava a throwr
rope ready for use i the evant that the sampler lozes
footng.

Be famuhar with wang CPR and other first aid teckhniques
1n case parinar has fallan'drowmed m water.

Samplmz Dunng a Storm Event

If heavy precipitabion cccurs or 1= approachmg; laave the
streamTiver mumadiately.

If lighining 1= zeen exit the water immediately and zet mto
vehicle or zesk a safe, protected location. This may mean
moving to lower elavations away from 1molated treesz and
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crowch donm on the balls of vour feet to reduce ground
contact.

Iizke sure vou are not In a stream dramage that could have
a flazh flocd.

Sampling Springs and Seeps

Miired 1 zoft substrates

Dion’t wade into water that 1z more than waist daap
especialhy when turbedity It vour abilifty to 220 into the
water column.

Avord wading through areas with large scommlations of
woody debriz (1.e. downed trees).

Pack away excess clothing, 25 wet clothmg increasas
waight and can eazily hang up on branches or dowmed
matarials hiddan ju=t baneath the water surface.

Usza waders when surveymg springs/seeps.

Unbuckls pack so that 1t can be shed sasily m the event
that vou bacomea canght m soft substrates.

Uszz pole or wading staff for added stabality whan
SUrveYIng in springs, seaps, or samplmg locations with soft
substrates.

Wade mto springs, seaps, or areaz with soft substrates one
at 2 timee; alweays wateh and hizten for your parmear whila
they are surveymg m sprmgs, seeps, or areas with soft
substrates.

If helping someons who 13 mured m soft substrates, makes
Fure vou are In a safe spot or on firm ground; use a staffor
throny ropa to provide 2 line that vour survey partner can
uze to self-axtract from the mud

Drovming

Wear a 18, Coast Guard approvad Type [ or Tyvpe II
Parsonal Flotzhon Device when workimg m watar that 1s
over kmes deep.

Alwavs wear chast waders with a waist belt when wading
1 springz and seeps; walst balts will frap air in lower part
of waderz and allow you to float in the event of 2 fall.
Uszz a wadmg =taff to a1d m tranwvel through standmz water.
Uzz polarizad sumzlassas to halp identify debris and other
matenials below the water surfacs.

Stay within earshot and sight of vour survey partner. Be
zure o check on partmer every few mmutes visually or
wverbally if vou can’t see them

Hava a throw rope availzble in the event that an
emergency line can aid m safe extraction of someone
working m standing water.

Be familiar with wamg CPR. and other first ard technigues
11 case pariner has fallen'drowmed i water.

Exposure to environmental variables

Hypothermiz

Alwavs anticipate bad weather and dresz accordingly, and
carry warm clothes with you
Eaep clothing as drv as pozzible: uze svothetie fleace and
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non-cotion outdoor clothing m melement weather.

Ezt lugh enersy nuiritional supplement: betwean mazls,

Covar the hazd and nack to prevent heat los=.

Eaep active to mamtam the body’s metabaolizm.

Dk planty of ligmds to prevent debyvdration (=ven when

wou are not thirsty).

#  Drnk wamm Liguds not cold; understand the effects of cold
and wind; most hypothenmia cazes develop between 30F

and 30F.
*  Ifcold, take actions to warm your body to prevent
Ivpothermta.
Hyperthenmia Hyperthenmiz may occur during gh temperaturas (exireme nsk

(& temperaturas> 120 degrees F), monttor for:

*  delydration, heat exhanstion, heat cramps, and heat stroke;
svmptoms melode nausea, headachs, and floshed, red skn.

#  Drnk planty of water {even when vou are not thirsty),
supplement water with anargy drnk to help prevent salt
losz.

* Az heat increaszes, take frequent breaks in cool locations.

. Jear a light shirt and a hat with a pood brim.

#  When starting to work m hottar conditions than your body
15 acclimatad to, start slowly to bwld up vour resistancs to

the heat.
¢ (Gat out of the heat and stop fieldwork if necezzary.
Exposure to giardia, E. eoli, or other pathogens canzad by o Conzider all streams contamuimated and avoid drinking
drinking contarmated water unlazz purified.
¢  Camry plenty of water on outmgs; alse carry water
treztment tablats.
L] Cm long cutine=, carry a water filter.
Sumburn . Fiald work takes place in finll sunlight so use 30+ or
graater EFF sunscreen and lip babm; use 45+ EFF whean
working above 10,000 fast.

. Jear a hat, sunplaszas, and shirt.
Eaep an ave cut for vour parimar, let thens knowr if thay
look likce they are gething too much sun.

Adverse weather such as thimdsrstorms, lightning and wind *  Check weather before heading into the field. If thera are
sigmificant storm warmngs consider delaymg mp. Don't
EC.

*  Avood exposed ndze tops and bemg on or near lakes,
meadows or other exposed areas if thumdarstorms are
approzchimg or developing nearky.

*  Mlove to lower elevations away from tall trees as storms
approach.

#  Ifhair begms to stand uwp, mmediately munrmize exposure
by moving to lower elevations away from 1solated trees
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and crouch dowm on the balls of vour feet to raduce ground
contact.

Tatch for hazard treez and listen for falling trees.
Find a zafe spot in a wind event or if pozzibla, leave the
area. Zeak refiuge m 2 bulding ar car if possible.

Collecting Waters at Multiple Sampling Locations

Complaceney

Keep m visual sight {or zound) of coworker.
Kaep bear spray with you at all imes on your body.
Esep note of where vou drop vour pack so that vou can
gquickly reach food water (remembear food cannot be laft
unattendad on the grouwmnd).
Continue to make noise whils working acrozz multiple
locations.
Continue to wateh the weather.

Fatch for hazard trees.

Jatch for footing and tppmz hazards,
Be as wigilant leavimg the sampling location as vou are
gome to the samplmg location.
Mizke noiza while preparing gear and matenals to leava.
Beview possible zafety concems and mutizations even for
repetitive tazks to avold complacency and meraaze

AWEATaNass.,

Fepetibious moveamant (lockmg down into the water)

Exchange between obzarver and racorder to minmmize
repetitions movemant.

Take breaks as needed to stay alert and frash.

Take time to streteh penodically.

Bottling and Preserving Samples

Expozure to Preservation Chemicals

Always where protective glaszss and laboratory glowves
when handling preservatives or acidification agents (=.g.
Ha30., HNO:).

Dhzpoze of spent preservative containers imto a properly
labelad bagz.

Mamtam WMEDE sheets in vahicls.

Harva a field portable evewaszh station in vehoela with
stenle 1=otome selotions for washmg or mmzating eves.
hamtam an emergency contact bzt in work vehicles that
identifies mdividuals to contact in the event of chemical
exposurs.

Sack madical attention mmediztely if chemucal exposure

to eves or skin ooours.
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Packaging, Carrying, or Shipping Water Samples Back strain azsociated with carrying largs volumes of water or
heavy coolers

Lift with the legs; use a dolly or smular davice to carry
heavy loads (when poszibla).

Take mmltipla trips or uze multple coclars to keep loads at
or balowr 40 Tbs.

Uza the uddy system to carry large or awloward

gear coolers.
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JOB HAZ ARD JOB TITLE (and number if applicable): DATE: NEW
Driving Safety 05/14/2013 03/15/2016
ANA | YSIS Title of Person Who Does the Job: Analysis By:
All GEYNN emplovees Erin Shanahan
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REQUIRED AND/OR. RECOMMENDED PERSONAL PROTECTIVE EQUIPMENT:

20, Two or more high-visibility safaty road vests
21, PFunchoning seatbelt= for all passengars

SEQUENCE OF BASIC JOB STEPS

POTENTIAL HAZARDS

RECOMMENDED ACTION OR.
PROCEDURE

Wehicle Maintenance including pre-driving
ingpections

Vehicle malfimetions leading to breakdown, mmpury or
accident

In the event of a breakdoam, lack of crucial equipment
that might be neaded

Accrdents or inunes caused from umsecurad sfems

Takea the vehicls m for regular scheduled mamtanance
or when any problam anszes with vehicle performanca
Famuliarize vourself with the tite jack, spare tirs, tools
and other vehicls equipment.

Check that tha vehicle has approprniate aqupment such
a first-and kat, safety vestz and cone, mew or firs
shovel and an ice scraper.

Do a walk around of vehicle. Inspactmz for damaze
and potantial hazards.

Enszurs tires are inflated to proper pat

Sacure all items that nuzht become projectiles m the
event of a crazh.

Alwayz drive with headlights on (be sure to turn off
whean not drvmg).

Driving to and from destination on paved roads

Arcidents from followmnz a vehicle too closely or
driving too fast for conditions

Collisions with other vehicles or animals and/or
driving off road surface due to mattention or
imparment {e.z. tred or sleepy)

Collizions due to driving when vizibility 1= impairad
due to elament= (Tam, fog, smoke, mmow, sum m eyes,
ate).

(Cher motonsts’ amors

Obey speed limats and =low down 1f road condibions
become shck, rough, or congested with traffie

Pay attention at all tomes. Do not tzlk on 2 cell phone
or text while drmang. Keep aves facmz forward and
check mirrors fraquently.

Choose the safazt route such as 2 road with a divider
stnpe and paszing lanes

Be espacially caraful on curves and stay within your
lan=

If you must drove 2 road without a lane divider, reduca
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speed and allow at least 4 seconds betwean you and
the vahicla ahead of vou.

Ensurs adequate rest. Have the passenger stay alert
and cormmumieats hazards with driver.

Drrve defenzively. Assume everyone you encounter
on 2 roadway as a potental thraat.

Iizke sure to have a clean windshield to mmprove
vasibality

Dirrve with two hands on the wheal in the 10 and 2
positon.

Driving to and from destination on unpaved, dirt, or
damaged roads,

Acedentz (colhmions, shdmz off road)

(Gatting steck n the mud

Falling hazards an road way

Fozd becomes nmpazzible follovwms affernoon ram
shower

Focks bemz throwm from passmgz vehiclas

Blmd comers with oncoming traffic

Eeduce spead

On very bad roads, scout ahead if in doubt.

Park and walk.

Feport hazards such as fallan rocks or trees o park or
forest service dispatch

Carry a hand =aw, Pulazki and tow strap

On blind cormers proceed slowly, stav 25 mmch a=
poszible on your side of the road and honk the hom if
necaszany

Dhrrve with two hands on the wheel mn the 10 and 2
position.

Driving to and from destination on slippery roads
(rain, ice, snow, mud)

Acodentz (collizions, shdng off road)

Eeduce spead

Enzaze proper equipment such as snow tires, 4-wheel
drive, or tire chainzg

Don't contimie if conditions are bad. Find an altemats
route or wat for the condifions to claar.

Dirrve with two hands on the wheal mm the 10 and 2
position.

Diriving to and from destination at night

Potential for collizions with pedestrians, annmzls and
other obstacles that are not visikle
Accrdents due to fabizue

Tum haadlights on; keep windshisld and headlizhts
clean

Usz hagh beams whan abla

Eeduce spead

Schedule trp to ensure driver is well rested and during
daylight hours when poszible.

Pull crver and rest if slaepy

Dirrve wath two hands on the wheal mn the 10 and 2
position.

Pazzenger ramains enzazed and pays attantion

Towing trailer

Collizions due to exira weight of load, exdra lensth
and greater stopping distances

Back-up problems

Wind shear

Wide turns create conditions where tires are on curb
and'or trauler touchas obstacles outzide tha regular
road prism

Eeduce spead

Allovwr 6 or more saconds betwaen vou and the vahicla
ahead of you to allow stoppms tima.

Practics bzckimg up with 2 trailer in a safa
environment such as an empty parking lot.

Lengthen your tums & watch sida-view mumors
Iizke sure thare are enonsh hands availzble to attach
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Gattngz pinched or mpurad while attachmz tralar to
vehicle

Inoperabls trailer lights cansing accidents

Trailar comes off hiteh

the tralar to the wahicls.

Check trailer light= once connected to the velucls
Dirrve wath two hands on the wheel 1in the 10 and 2
position.

Uzz hazard hghts when ascending and descendng
gradez at low zpead

Miake sure the hitch and ball match.

Attach safety chains from frailer to veliela.

Emergency / breal:down

Expozure dus to being stranded

Beaing hit by paszzing vehicles

Injury wiila changing flat tires or other vehicle
equipment and jumping a vehicle to get started

If poszible, pull off rozd

If there 1z nisk of being hit by passing traffic, fum on
four-way hazard flazhers. Tza conas or flares 200-300
i from car to provide a buffer around your vehicle.

If you need to stand on or near roadway, wear a safisty
road vest. Stav on road shoulder away from the
moving traffic

Carry extra water, food and clothing

Do mot leave the velscls unless vou koow you are able
to reach help or bamg transported by sormeons.

Follow instructions on how to replace flat tires or
Junping 2 vehicla, Do net do if uncomfortable or do
not have experiencetraining.

Parking and backing

Collision with rocks, pedestrian or other hazard while
backing mto or out of a parking =ita

Exhaust syztem izmiting a grass fire

Parked vehicle moving on s owm.

Back into parkang spots instead of pulling straight in.
Park off of the road or in a designated parkng area.
Find a zafe location to park that will provide safe

Put tran=snus=sion in Park or m low gear. If parking on
a slope, set parkang braak.

Ensurs that fiuel= (2 g tall grazsz) ara clear bansath
vehicle so as not fo start 2 fira.

Usa a backar to zuide vou into a safa place that will ba
easy to pull forward out of later. Usa mirrers and/er
look over vour shouldar, If mo backer 1z availabla,
walk arcund the vahicle before moving from a parked
posthon and tap hom.

On zrades, use chalk blocks on downhill side of tirss
to keep vehicls from moving forward or backwards.

Diriving — physical and mental fatigue; chemical
fatigue (e.g. allergy medicine)

Arcrdentz rasults from fallme asleep at tha whesal or
from poor judgment
Co-pilot (passenger) falls aslaap.

Gat needed rest. Avodd drivimg when tired znd tzke
breaks as needed. Be particularly cautious whan
driving late at mght or sarly in the mormmg.

If a raplacement driver 1z availabls, trade off doving
when you start fo fael tirad

If mo replacement driver 1z availabla, pull off the road
and take a brazk, stretch and'or a short nap.

Plan the trip =o that no perzen will be drvmg more
than 10 hours.
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" Plan the work day so that no person will be dovmg
after a combmed total (work & drvmng) of 12 hours m
a smgle day and 10 hours if by yourzalf.

. Pazzenger 15 alart and commmumeating with the driver
before sleaping.
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JOB HAZ ARD JOB TITLE (and number if applicable): DATE: NEW
Office Safety 03/01/2017 X
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Supervisor: Reviewed By:
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REQUIRED AND/OF. RECOMMENDED PERSONAL PROTECTIVE EQUIPMENT:

SEQUENCE OF BASIC JOE STEPS

POTENTIAL HAZARDS

RECOMMENDED ACTION OR
PROCEDURE

Computer Use Fatizue

*  Tendomitie
*  Carpl Twmesl

*  Back paim'muzeulozkeletal disorders

. Switch positions throughout the day

. Be mtentonzl about mamtamine zood postore

. Conzider uze of ergonomically designed dezks and
chairs

*  Take regular sxercize breaks

* Educate onezalf and co-workers zbout the risk factors
aszociated with mmsculozkaletal disorders

* Encourage early reporting of signs and svmptoms of
computer use fahgna

. Uz erzonomucally desizmed mouse and kevboard pad=

Computer Usze Eye Strain

Eva strazz
Bhurred vizion
Haadaches
Dizzmess

Uza propar lightmg i work emvironment

Do mot =it to closs to compurter scraen

Uza a non-glara computer scraen

Tzke regular brazks and encoorage the use of screen
prompts as a remindar of the importance of breaks

Carpal Tunnel Syndrome

. Stiffness m wrists and hands
*  DNumbness and loss of dextenty

Uza ergonommeally dazizned mouse and keyboard pads
Encourage early reporting of sizns and svmptoms
Taka ragular brazks

Allovwr rest davs by varying activitias

Electrical Cords and Electrical Hazards

Shocks
Trps
Fall=
Sprains

Do mot overload outlsts

Usza surge protectors for computer equipment
KEeep cords organizad and fres from walking paths
MWevrar wse personal space heaters in govermment
bldingz without approval from supervizor and
facility manazer

55




Indoor Supplies and Activities

Trips=

Fall=

Slips

Sprams

Hit by falling/overhazd objacts
Burns

Eeaep work areas clean and organized

Keep drawers clozed when not in use

Uza step ladders for out-ofraach supphies. Neveruzea
chair az 2 step ladder

Uza propar containers and storzge for supplies

Follow MEDS rules and recommendztions for use of
any chemeals.

Walk around office - do not run

Watch out for potential trpping hazards. Follow good
housekesping practices, meludmg closing drawers,
properly disposmg of wasted, and properly storing
matanials and aquipment when not m use.

Wizke sure office chairs are in zood working order
FEeport mamtenanca 1ssues/concams to boldmg
suparvisors mmmediately (2.g. wet floor or leaksy todlat,
torm carpet)

Inadequate Lighting and Poor Air Circulation *  Eyesirain *  Take regular breaks
*  Drvand ortated eves . Keep office/lab door open
. Haadaches . Alternate mdoor and cutdoor actvitzes
*  Fatizue . Tum lights on and off
. Shortmess of breath
*  Hypersen=itivity to allergens
. Simi= conzeshon
*  Conghing/mneezing
# Dizzmess
. Hanzsa
Laceration: and Punctures *  Paper lacerations o Carefully use office equipment and be mmdfal of

Lacerations from scissors or paper cutters

Pumctures from staplers

sharp adzes

Dio not use squipmant that 1s not completely
funchonzl operational {e.z., do not wse paper cutters
with a mus=ing or broken zuard)

Keep fingers and hands away fom contact points
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