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Abstract

Groundwater monitoring provides a window into a vital resource that knows no political or
jurisdictional boundaries. The knowledge gained through groundwater monitoring has di-
rect application in the planning and sustainable management of all NPS ecosystem resources.
The groundwater-monitoring program of the Sonoran Desert, Chihuahuan Desert, and
Southern Plains inventory and monitoring networks are designed to provide water-level data
for tracking long-term depth to water and water-level elevation. In combination with climatic
and surficial monitoring, these data provide improved understanding of local water balance
and groundwater dynamics, and support interpretation of the results of surface monitoring
of biotic and abiotic resources.

The monitoring program summarized here includes both point-in-time measurements and
water-level time-series using sensors equipped with recording capabilities. Data management
procedures developed to facilitate access, quality assurance, sharing within and outside the
National Park Service, and long-term archiving are also described.
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1 Background

The core mission of the National Park Ser-
vice (NPS), as outlined in the agency’s 1916
Organic Act, is the protection and preser-
vation of natural and cultural resources for
future generations. Responding to criticism
that it lacked basic knowledge of natural re-
sources within parks, the NPS initiated the
Inventory and Monitoring (I&M) Program
to detect long-term changes in ecosystems
(NPS 1992). Parks with significant natural
resources were assigned to one of 32 mon-
itoring networks, each based on ecological
similarity and geographic proximity. Each
network was charged with developing a
monitoring program capable of detecting
long-term changes in physical and biological
resources within its assigned park units.

1.1 The Southwest Network
Collaboration

This protocol has been developed and is be-
ing implemented as a joint protocol of the
Southwest Network Collaboration (SWNC).
SWNC is a joint effort between the natu-
ral resource I&M programs of the NPS and
US. Fish and Wildlife Service (USFWS).
The NPS partners are the Sonoran Desert
Network, Chihuahuan Desert Network,
and Southern Plains Network (Figure 1-1).
The USFWS partners are the Sonoran and
Chihuahuan Deserts Zone and Plains and
Playas Zone. Through this collaboration, the
programs share monitoring protocols as well

as data collection and reporting duties. The
goal of the SWNC is to improve effectiveness
and efficiency across all five networks.

Under the SWNC, the networks, in varying
combinations, share protocols, training, data
management, and reporting responsibilities
for eight different protocols: air quality, cli-
mate, invasive exotic plants, groundwater,
landbirds, surface water (streams and seeps/
springs/tinajas), and terrestrial vegetation &
soils, as well as trail cameras. In some cases,
field crews are shared across the programs.
For protocols shared across programs, the
methods and datasheet templates used by
field crews are uniform. Data management
duties are shared among the networks’ data
management staff. The data for all programs
collaborating on a given protocol are stored
in a central database accessible to all of the
networks. In most cases, analysis and report-
ing duties are assigned to a single network.

1.2 Participating networks

The three NPS SWNC networks are col-
laborating on this groundwater monitor-
ing protocol. (The USFWS partners are in
the early stages of groundwater program
development.)

The Sonoran Desert Network (SODN) in-
cludes 11 parks in southern Arizona and
New Mexico (Figure 1-1, Figure 1-2, Table

Protocol Narrative
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Figure 1-1. National park units of the Southwest Network Collaboration.
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Figure 1-2. National park units and groundwater basins of the Sonoran Desert Network.




Table 1-1. Parks of the Sonoran Desert Network.

Park Area
* . . .

Park code Regional aquifer/Ecoregion1 (State) ac ha

Casa Grande Ruins NM CAGR Basin and Range basin-fill aquifer/Sonoran Desert (AZ) 473 191

Chiricahua NM CHIR  Basin and Range basin-fill aquifer/Apache Highlands (AZ) 11,985 4,850

h K ; > incioal > fini :

Coronado NMEM CORO Other roc. s (minor aquifer, not a principal aquifer or confining unit)/ 4,830 1,955

Apache Highlands (AZ)
. Other rocks (minor aquifer, not a principal aquifer or confining unit)/
Fort B NHS FOBO . 999 404
ort bowie Apache Highlands (AZ)
. . . Other rocks (minor aquifer, not a principal aquifer or confining unit)/

Gila Cliff Dwellings NM GICL Arizona-New Mexico Mountains (NM) 533 216

Montezuma Castle NM  MOCA Basin and Range basin-fill aquifers/Apache Highlands (AZ) 859 348

Organ Pipe Cactus NM ORPI  Basin and Range basin-fill aquifers/Sonoran Desert (AZ) 330,689 133,825
Basi R in-fill if D Apach

Saguaro NP SAGU ésm and Range basin-fill aquifers/Sonoran Desert and Apache 91,442 37,005
Highlands (AZ)

Tonto NM TONT Basin and Range basin-fill aquifers/Sonoran Desert (AZ) 1,120 453

Tumacacori NHP TUMA Basin and Range basin-fill aquifers/Apache Highlands (AZ) 360 146

Tuzigoot NM TUZI  Basin and Range basin-fill aquifers/Apache Highlands (AZ) 812 329

'Regional aquifer based on http:/nationalatlas.gov/mapmaker. Ecoregions based on The Nature Conservancy (2008).

2 Acreage from NPS (2012).

*see page vii for acronyms

1-1), ranging in size from 146 hectares (ha)
(Tumacdacori National Historical Park; NPS
2012) to 133,825 ha (Organ Pipe Cactus Na-
tional Monument). Groundwater monitor-
ing will be conducted at Chiricahua National
Monument (NM), Coronado National Me-
morial (NMEM), Fort Bowie National His-
toric Site (NHS), Montezuma Castle NM,
Organ Pipe Cactus NM, Saguaro National
Park (NP), Tonto NM, Tumacécori National
Historical Park (NHP), and adjacent to Casa
Grande Ruins NM and Tuzigoot NM.

The Chihuahuan Desert Network (CHDN)
includes seven parks located from south-cen-
tral New Mexico through southwest Texas
(Figure 1-1, Table 1-2, Figure 1-3). These
units range in size from 212 ha (Fort Davis
NHS) to 324,220 ha (Big Bend NP). Col-
lectively, these parks represent most of the
ecological communities present within the
greater Sonoran and Chihuahuan Desert
ecoregions (NPS 2005; NPS 2010). Ground-
water monitoring will be conducted in Big
Bend NP, Carlsbad Caverns NP, Fort Davis
NHS, Guadalupe Mountains NP, and White
Sands NM.

The Southern Plains Network (SOPN) in-
cludes 11 parks in Colorado, Kansas, New

Mexico, Oklahoma, and Texas (Figure 1-1,
Table 1-3, Figure 1-4), ranging in size from
127 ha (Washita Battlefield NHS) to 18,202
ha (Lake Meredith National Recreation
Area; NRA). Groundwater monitoring is
ongoing at Chickasaw NRA and Bent’s Old
Fort NHS. Opportunities for monitoring at
Pecos NHP and other SOPN parks are being
investigated.

Prior to the start of monitoring, staff from
each network completed a monitoring plan
that identified “vital signs” selected from a
diverse range of natural resources, including
air, water, climate, soils, plants, invertebrates,
and vertebrates (NPS 2005; CHDN 2010).
The intent of the NPS I&M Program is to
track a subset of physical, chemical, and bi-
ological elements of park ecosystems, called
vital signs, that are selected to represent the
overall health or condition of park resourc-
es, known or hypothesized effects of stress-
ors, or elements that have important human
values. The status of each vital sign is tracked
using systematic, repeated data collection, or
monitoring, developed to track the overall
condition of the natural resource represent-
ed by the vital sign. Hydrology workgroups at
each network evaluated high-priority water
resource issues and identified candidate vital

4 Groundwater Monitoring Protocol and SOPs: Sonoran Desert, Chihuahuan Desert, and Southern Plains Networks (v1)


http://nationalatlas.gov/mapmaker

signs on the basis of ecological significance,  portant and feasible hydrological parameters
feasibility, and relevance to management  for long-term monitoring at each of the NPS
(NPS 2005; CHDN 2010). Groundwater = SWNC networks.

quantity was considered among the most im-

Table 1-2. Parks of the Chihuahuan Desert Network.

Park Area
Park Regional ifer/E ion1 (Stat
ar code Regional aquifer/Ecoregion (State) e i
Amistad NRA AMIS Edwards-Trinity aquifer system/Tamaulipan Thornscrub (TX) 58,500 23,674
. Other rocks (minor aquifer, not a principal aquifer or confining
Big Bend NP BIBE . . 801,163 324,220
'g ben unit)/Chihuahuan Desert (TX)
Other rocks (minor aquifer, not a principal aquifer or confining
Carlsbad C NP CAVE . . . . . 46,766 18,926
arisbad Laverns unit)/Chihuahuan Desert and Arizona-New Mexico Mountains (NM)
Fort Davis NHS FODA Other rocks (minor aquifer, not a principal aquifer or confining 523 212

unit)/Chihuahuan Desert (TX)

Guadalupe Mountains NP GUMO

Rio Grande aquifer system/Chihuahuan Desert and Arizona-New

7 4,952
Mexico Mountains (TX) 86,36 3495

Rio Grande WSR RIGR

Edwards-Trinity aquifer system/Chihuahuan Desert (TX) 9,600 3,885

White Sands NM WHSA

Rio Grande aquifer system/Chihuahuan Desert (NM) 143,733 58,167

'Regional aquifer based on http:/nationalatlas.gov/mapmaker. Ecoregions based on The Nature Conservancy (2008).

2 Acreage from NPS (2012).
*see page vii for acronyms

Table 1-3. Parks of the Southern Plains Network.

Park Area
Park Regional aquifer/Ecoregion’ (State
code 9! qui gion'( ) ac? ha
. . . Other rocks (minor aquifer, not a principal aquifer or confining
Al FI NM  ALFL 1371
ibates Flint Quarries unit)/Southern Shortgrass Prairie (TX) 3 235
h ks (mi > incioal it fini
Bent's Old Fort NHS BEOL Ot. er rocks (minor aquifer, .n.ot a principal aquifer or confining 299 323
unit)/Central Shortgrass Prairie (CO)
. Other rocks (minor aquifer, not a principal aquifer or confining
Capulin Vol NM CAVO ) . 793 321
apulin Volcano unit)/Southern Shortgrass Prairie (NM)
. Other rocks (minor aquifer, not a principal aquifer or confining
Chick NRA CHIC ) . . 9,899 4,006
Ickasaw unit)/Crosstimbers and Southern Tallgrass Prairie (OK)
Other rocks (minor aquifer, not a principal aquifer or confining
Fort L d NHS FOLS 718 291
ort tarne unit)/Central Mixed-Grass Prairie (KS)
. Other rocks (minor aquifer, not a principal aquifer or confining
F NM FOUN 721 292
ort Union ov unit)/Southern Shortgrass Prairie (NM) 9
h ks (mi > incioal > fini
Lake Meredith NRA LAMR Other rocks (minor aquifer, not a principal aquifer or confining 44,978 18,202

unit)/Southern Shortgrass Prairie (TX)

Lyndon B. Johnson NHP LyJO

Edwards-Trinity aquifer system/Edwards Plateau (TX) 1,570 636

Pecos NHP PECO

Other rocks (minor aquifer, not a principal aquifer or confining

7 271
unit)/Southern Shortgrass Prairie (NM) 6,703 3

Sand Creek Massacre NHS  SAND

Other rocks (minor aquifer, not a principal aquifer or confining

. .. 12,583 5,092
unit)/Central Shortgrass Prairie (CO)

Washita Battlefield NHS WABA

Other rocks (minor aquifer, not a principal aquifer or confining

. . . 315 127
unit)/Central Mixed-Grass Prairie (OK)

'Regional aquifer based on http:/nationalatlas.gov/mapmaker. Ecoregions based on The Nature Conservancy (2008).

2 Acreage from NPS (2012).
*see page vii for acronyms
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http://www.nps.gov/alfl/index.htm
http://www.nps.gov/beol/index.htm
http://www.nps.gov/cavo/index.htm
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http://www.nps.gov/waba/index.htm
http://nationalatlas.gov/mapmaker

9

(LA) SYIOMIBN Suleld UJSYINOS pue ‘1asaq uenyenyiyd ‘1asad URIOUOS SJOS Pue [030104d BULIOLIUOA Ja1eMpunolD

Chihuahuan Desert Network

New Mexico and Texas

Park Units and Groundwater Basins

ARIZONA

Carlsbad

Caverns NP? 2
Guadalupe G

Mountains NP

MEXICO

National Park Service
U.S. Department of the Interior

Basin name
1. Tularosa Basin
2. Carlsbad Basin
3. Capitan Reef Complex
4. Igneous Basin

5. Edwards-Trinity Basin

NEW MEXICO
TEXAS

N . Fort Davis NHS 5

Big Bend NP

Rio Grande mAmistad NRA

0 15 30 60 90 120

I N . Viles

I TN I <ilometers
0 25 50 100 150 200

1:4,000,000

Produced by CHDN
June 2013

Figure 1-3. National park units and groundwater basins of the Chihuahuan Desert Network.
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2 Program Overview

2.1 Program goals

The goals of the groundwater monitoring
program are to provide resource managers
with the information needed to:

well metadata and groundwater level
data at parks in each network in a for-
mat consistent with national interagency
groundwater database standards.

) 2. Identify selected wells for monitoring
* Quantify status and trends of NPS and identify areas where new moni-
groundwater resources through a . toring wells may be needed to achieve
program of high-quality data collection, program goals
archiving, and analysis;
, 3. Work with NPS staff to obtain
«  Understand and communicate present high-quality groundwater data using
and future threats to NPS groundwater standardized methods and procedures
resources and groundwater-dependent for activities occurring as part of this
surface waters; protocol
. Proylde pflrl,( Inana{;ger s with infor- 4. Document and report groundwater
mathn relating to best managf:ment levels and trends at wells selected for
practices for resource protection and monitoring.
sustainability;
) ) 5. Document and report groundwater re-
« Support interpretation of the results of source status at parks for water-supply
surface biotic and abiotic monitoring; planning purposes as needed
and '
6. Support and complement the interpre-
+ Facilitate groundwater data accessibility tatli)(fjn of physical I;n d biological suf—
to park managers and the public. face-monitoring results.
These goals will be achieved by monitoring Support the development of wa-
&r qundwater status, ideptifying loca} chang- ter-balance analyses at parks, including
esin gr ogpd\fvater quantity, interpreting data, relationships between groundwater and
and facilitating the. integration of SWNC surface-water resources, land use, biota,
groundwater data with data from other parks and climate
and external partners and agencies. '
8. Identify potential threats or stressors to
2.2 Program objectives grpundwater resources through anal-
o ysis of groundwater status and factors
The central objective of SWNC groundwa- affecting water resources in and around
ter monitoring is to quantify piezometric NPS units.
(hydraulic) head* in the zone of water satu-
ration at designated monitoring locations. 9. Facilitate access to groundwater data
This monitoring will be conducted at fre- through NPS and other federal da-
quencies determined by site-specific goals, ta-sharing portals.
as described below, and will be reported as
v W portec. 10. Interpret park groundwater status and
depth to water and as water-table elevation in : .
Encli . . water balance in the context of regional
nglish units of feet. Minimum frequency of . .

o . climate and hydrologic trends.
monitoring will be once per year.

, o 11. Assess and/or monitor site suitability for
Detailed objectives of SWNC groundwater riparian habitat or other special uses.
monitoring include:

12. Support legal protection of groundwa-

1. Inventory wells, document and archive

ter and surface water resources.

*Hydraulic or piezometric head is a measure of the energy associated with pressure and elevation at a
point in an incompressible liquid. It can also be described as the stored energy due to the weight of the
water column above an outflow point plus the energy associated with the elevation of the outflow point
above a reference datum.
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3 Groundwater as a Focus for Monitoring Efforts

Processes that affect groundwater resourc-
es occur mostly out of sight and over long
time periods. Knowing the status and trends
of groundwater resources is of paramount
importance for land managers charged with
protecting natural resources in perpetuity for
future generations. As pointed out by Tay-
lor and Alley (2001), groundwater is one of
the most important natural resources of this
country, providing drinking water, irrigat-
ing crops, and sustaining rivers and streams
across the nation.

Water resources of the Sonoran Desert,
Chihuahuan Desert, and Southern Plains
networks occur as shallow or deep ground-
water; perennial, intermittent, or ephemeral
streams; and tinajas, springs, seeps, cienegas
(wetlands), and ponds. Each of these occu-
pies an important niche in sustaining ecosys-
tems in arid and semiarid regions.

Despite longstanding lay perspectives of
groundwater and surface waters as sepa-
rate entities, these resources are one and
the same, and this is nowhere more evident
than in arid and semiarid regions. Ephemeral
flows vanish below the desert surface, only
to re-emerge months, years, decades, or even
centuries later as precious perennial and
intermittent streams, springs, and tinajas,
which are sustained through dry seasons and
drought years by these same waters. Changes
in surface characteristics, such as plant cover
and soil integrity, affect runoff, infiltration,
and evapotranspiration. Increased runoft re-
sults in reduced infiltration, which limits the
amount of water available for groundwater
and groundwater-dependent surface waters.
In one way or another, all ecological commu-
nities—from the desert floor to sky-island
mountaintops—are influenced by the status
of groundwater.

Groundwater resources are vulnerable to
impacts associated with drought, climate
change, increasing consumption by a bur-
geoning population and economy, and
changes in land use and watershed integrity.
Groundwater response to stresses can oc-
cur rapidly or may take place over extended
time periods of decades to centuries. Where
there is hydraulic connectivity, groundwater
pumping will result in the gradual capture of

springs and other surface waters. Depletion
of surface flows can continue to increase even
decades after pumping has stopped (Alley et
al. 1999; Barlow and Leake 2012). Because
humans, vegetation, and wildlife all require
access to water, understanding groundwater
dynamics is basic to understanding, manag-
ing, and protecting present and future eco-
system function and health.

All but three of the 29 SWNC parks depend
on groundwater as a source of potable water
(A. Kramer, personal communication). Sys-
tematic observation of groundwater levels
is the primary means of gaining the informa-
tion needed for understanding, protecting,
and maintaining the security of park water
sources into the future. The applicability of
groundwater data collected outside park
boundaries to understanding groundwater
status at parks depends on the geologic con-
text of the area and the details of well con-
struction. Where appropriate, groundwa-
ter-level data from wells located outside park
boundaries may be included in this protocol
or may serve as a surrogate for measurements
made within a park. Analysis of trends in wa-
ter levels throughout a region can provide a
broad-scale, integrated perspective of the
impacts of environmental factors that stress
groundwater resources.

3.1 Groundwater and climate
change

Climate change and long-term drought are
stressors with regional, rather than local,
footprints. The southwestern United States is
experiencing some of the most rapid warm-
ing in the nation and projections are for con-
tinued strong warming (Seager et al. 2007;
Thomas 2009). Drought and changes to wa-
ter cycles are expected to have substantial
impacts on biological diversity and protect-
ed areas in the coming decades. Anticipated
water-cycle shifts, including increased storm
intensity, reductions in spring precipitation,
increased winter precipitation falling as rain
instead of snow, and increased temperature
and evaporative losses, all have implications
for the long-term sustainability of ground-
water resources in the arid Southwest. In
combination with projected increases in
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consumptive use for agriculture, industry,
and domestic supply, the potential for con-
flict between interests competing for dwin-
dling groundwater resources will intensify.

Monitoring and reporting on groundwater
resource status benefits the understanding
of local groundwater dynamics and the re-
lationship between climatic factors, current
water levels, and past groundwater condi-
tions at national parks and their surrounding
regions. In the face of climatic uncertainty,
these data have broad application for in-
forming land managers about what may be
expected under a range of future scenarios.

3.2 Groundwater and key
ecological communities

In deserts and semiarid high plains, water is
typically the limiting resource that defines
the range of potential life on the surface, and
the influence of groundwater permeates the
desert landscape. Groundwater discharge
to streams, springs, and tinajas sustains pe-
rennial and intermittent flows in arid and
semi-arid environments. Depth to ground-
water is a key determinant of ecosystem type
on the surface. In combination with ecolog-
ical monitoring, groundwater data contrib-
ute to the understanding of “peak ecological
water,” defined by Gleick and Palaniappan
(2010) as “the point beyond which the total
costs of ecological disruptions and damages
exceed the total value provided by human use
of that water.” Groundwater data provide the
foundation for park managers to work with
partners and neighbors toward maintaining
groundwater resources needed to sustain key
ecological communities.

A study in Arizona’s San Pedro River valley
determined that out of 12 environmental
variables, depth to groundwater exerted the
greatest influence on plant assemblage com-
position (Stromberg et al. 1996). As depth to
water decreases, ecological productivity in-
creases. Arid-region riparian ecosystems are
located at the interface between terrestrial
and aquatic ecosystems along the banks of
rivers, streams, ponds, springs, and mead-
ows (Baker et al. 2004). Groundwater plays
a vital role in sustaining riparian communi-
ties during dry seasons and times of drought.
Due to limits on the ability of phreatophytes
to extend roots deeper when water levels de-

cline, depth to water is a critical parameter
for riparian vegetation.

All Sonoran Desert Network parks, except
for Casa Grande Ruins NM, include highly
valued riparian habitat. Extensive riparian
habitats are found in all Chihuahuan Desert
Network parks except for Fort Davis NHS.
Riparian habitats are found in all Southern
Plains Network parks except for Capulin
Volcano NM. Riparian habitats in SOPN
parks range from small, isolated wetlands
(Fort Union NM) to perennial rivers and
reservoirs (Chickasaw and Lake Meredith
NRAs).

Throughout the Basin and Range ecologi-
cal province, deep alluvial basins between
mountain ranges harbor groundwater—of-
ten hundreds of feet below the land surface.
Extensive lowland desert-shrub communi-
ties populated by creosote, bursage, and palo
verde-mixed-cactus communities thrive un-
der these conditions. Water levels deep below
the surface in these basins may fluctuate with
little or no effect on surface communities.
They are sustained by direct precipitation
and soil moisture, and are adapted to survive
lengthy dry periods. These deep basins are
often tapped to provide water to thirsty com-
munities. It must be remembered that de-
clining water levels in basins will propagate
upstream, and groundwater overdraft will
eventually result in capture of distant surface
waters. Declining water levels in basins also
causes subsidence, land settling that ruptures
the surface and results in permanent com-
paction of some soil types.

3.2.1 Stressors to groundwater systems

Groundwater stressors are processes associ-
ated with sustained declines in groundwater
levels. Sustained water-level declines result
from decreased recharge and/or increased
discharge from groundwater systems that
formerly fluctuated within a quasi-equilib-
rium range at a given location. A decline in
groundwater levels indicates a reduction in
water stored in the subsurface as changes in
the water balance propagate through the hy-
drologic system. Lowered water tables result
in greater distance to water for plant roots;
loss or degradation of riparian habitat; re-
duced discharge to springs, streams, and ti-
najas; subsidence of sediments within alluvial

10

Groundwater Monitoring Protocol and SOPs: Sonoran Desert, Chihuahuan Desert, and Southern Plains Networks (v1)



basins; and reductions in water available for
wildlife and human consumption.

Groundwater stressors can be natural and/
or human-induced. Factors that lower water
tables by reducing recharge include drought,
decreased infiltration, increased consump-
tive uses or manipulation of rivers and
streams, climate and land-use changes, and
alterations to physical and/or biological sys-
tems on the surface. Factors that increase dis-
charge are primarily related to groundwater
pumping, channel incision and gullying, and
increased evapotranspiration. Because water
flows downgradient, effects related to low-
ered water tables in one location will eventu-
ally impact all hydraulically connected water
bodies. This is the mechanism by which cap-
ture of flow from streams and springs occurs.

Groundwater withdrawals for human uses—
including domestic, industrial, and agricul-
tural—are a major cause of groundwater
decline. With the exception of interbasin
transfers, this stressor tends to be localized
within the aquifers near population centers
and industrialized and agricultural areas,
although water-level declines in one area
can eventually result in impacts far from
the source of the water extraction. Increas-
ing demand for water in the western United
States has resulted in projects and propos-
als for large-scale interbasin water transfers
that have the potential to—and do—result
in significant impacts within the originating
(donor) watersheds. Dependence on these
projects increases the vulnerability of pop-
ulation centers to supply interruption that
could originate in a number of ways.

Diversion of streams and rivers, and changes
to watershed drainage patterns and land-cov-
er characteristics, stress groundwater re-
sources by decreasing infiltration and re-
charge to aquifers. Understanding local and
regional groundwater dynamics and stress-
ors makes it possible to formulate questions
and seek answers about the drivers behind
changes in groundwater status. Long-term
monitoring data from parks can be analyzed
in conjunction with groundwater data ob-
tained outside park boundaries to differenti-
ate between local and regional trends in the
data. This constitutes a significant value-add-
ed result for the wider community.

3.3 Review of groundwater
monitoring programs

The following sections discuss groundwater
monitoring programs that are active in the
greater SODN, CHDN, and SOPN areas.
The data forthcoming from these programs
are of significant value to NPS groundwater
monitoring goals associated with larger-scale
and longer-term processes affecting ground-
water dynamics, including climate change,
land use and land cover, and basin-wide wa-
ter balance.

3.3.1 State and regional

Multiple state agencies are involved in the
management of water resources in Arizona,
Colorado, Kansas, New Mexico, Oklahoma,
and Texas (Table 3-1). These agencies are
some of the first sources that should be in-
vestigated in any search for information relat-
ed to groundwater and wells. The following
paragraphs discuss some of these agencies as
they are involved with groundwater.

3:3:1.1 Arizona
The Arizona Department of Water Resourc-

es (ADWR) Basic Data Unit maintains an an-
nual groundwater-level monitoring program
of about 1,800 index wells statewide. Annual
data from four ADWR index wells are in-
cluded in the SODN groundwater monitor-
ing program. The Basic Data Unit has also
deployed automatic water-level monitoring
at over 100 wells statewide. The data from
these wells allow for an improved under-
standing of factors behind both short-term
and longer-term changes in groundwater sta-
tus. SODN and ADWR staft coordinated the
instrumentation of two wells at Tumacdcori
NHP by ADWR as part of this state program.

Recent and historical water-level data from
the ADWR Basic Data Unit, together with
site metadata, are available from ADWR as
the Groundwater Site Inventory (GWSI)
database, and are available at no cost on the
Internet. In addition, well-drilling and con-
struction data are available for many wells
registered with the state through the ADWR
Imaged Records database. Additional infor-
mation on these programs may be found by
following links from the main ADWR web-
site (see Table 3-1).
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http://www.azwater.gov/azdwr/

Table 3-1. State water management agencies for Arizona, Colorado, Kansas, New

Mexico, Oklahoma, and Texas.

State Agency

Arizona

Arizona Department of Water Resources

Arizona Department of Environmental Quality

Colorado Division of Water Resources
Colorado Water Conservation Board
Colorado Department of Public Health and Environment

Colorado

Colorado Department of Natural Resources
Colorado Department of Public Health and Environment, Water Quality Control

Division

Kansas Department of Agriculture
Kansas Department of Agriculture, Division of Water Resources

Kansas

Kansas Department of Health and Environment

Kansas Water Office

New Mexico

New Mexico Office of the State Engineer

New Mexico Environment Department

Oklahoma Department of Environmental Quality
Oklahoma Oklahoma Department of Environmental Quality, Water Quality Division

Oklahoma Water Resources Board

Texas Water Development Board
Texas State of Texas

Texas Commission on Environmental Quality

Source: http://www.westgov.org/wswd/links.html

3:3.1.2 Colorado

The Colorado Division of Water Resources
operates a statewide network for monitoring
groundwater levels in cooperation with lo-
cal groundwater management districts. The
division works with the Colorado Ground
Water Commission, a regulatory body autho-
rized by the state’s general assembly, to man-
age and control groundwater resources with-
in eight Designated Ground Water Basins
in eastern Colorado. The division monitors
more than 1,500 wells to assist in projecting
groundwater levels and aid in the administra-
tion of groundwater.

3.3.1.3 Kansas
In Kansas, wells are monitored by a variety

of organizations, with data centralized in the
WIZARD database, operated by the Kansas
Geological Survey. The WIZARD database
is a repository of information on freshwa-
ter wells completed in Kansas aquifers. Al-
though WIZARD consolidates information
formerly maintained by several local, state,
and federal agencies, most of its data are tak-
en from the U.S. Geological Survey’s GWSI.

3.3.1.4 New Mexico

Information about wells and well logs in New
Mexico can be found at the website of the
New Mexico Office of the State Engineer.

Groundwater-level data collected by the
State of New Mexico are archived with the
U.S. Geological Survey (USGS) New Mexico
Water Science Center in Albuquerque. Some
of these data are made available to the public
through the USGS National Water Informa-
tion System (NWIS) at http://waterdata.usgs.
gov/nwis. A significant number of data may
not be posted on the web; persons interested
in a specific area should contact the center
and inquire about the availability of addition-
al data.

3.3.1.5 Oklahoma

The Oklahoma Water Resources Board an-
nually monitors more than 750 groundwa-
ter wells throughout Oklahoma. The Water
Well Level Mass Measurement Program has
been managed in cooperation with the USGS
since the 1950s, and is used to predict wa-
ter use trends and groundwater availability
throughout Oklahoma.
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http://water.state.co.us/groundwater
http://www.kgs.ku.edu/Magellan/WaterLevels/index.html
http://www.ose.state.nm.us/
http://waterdata.usgs.gov/nwis
http://waterdata.usgs.gov/nwis
http://www.owrb.ok.gov/supply/monitoring/wells.php
http://www.owrb.ok.gov/supply/monitoring/wells.php
http://www.water.az.gov/
http://www.adeq.state.az.us/
http://www.water.state.co.us/
http://www.cwcb.state.co.us/
http://www.cdphe.state.co.us/
http://www.dnr.state.co.us/
http://www.cdphe.state.co.us/wq/wqhom.asp
http://www.cdphe.state.co.us/wq/wqhom.asp
http://www.ksda.gov
http://www.ksda.gov/dwr
http://www.kdheks.gov
http://www.kwo.org
http://www.ose.state.nm.us
http://www.nmenv.state.nm.us
http://www.deq.state.ok.us/
http://www.deq.state.ok.us/WQDnew/index.htm
http://www.owrb.ok.gov
http://www.twdb.state.tx.us/home/index.asp
http://www.texasonline.com/portal/tol
http://www.tceq.state.tx.us
http://www.westgov.org/wswc/links.html

3.3.1.6 Texas
The Texas Water Development Board

(TWDB) provides water planning, data col-
lection and dissemination, financial assis-
tance, and technical assistance services to the
citizens of Texas. Its Groundwater Resources
Division (GRD) is responsible for all aspects
of groundwater studies in the state. The GRD
monitors groundwater levels and ground-
water quality in nine major and 21 minor
aquifers, conducts regional-scale ground-
water modeling, and houses and maintains
water-well records. They also review and
approve groundwater management plans.
CHDN park units are located in three differ-
ent TWDB Groundwater Management Areas
and three different Groundwater Conserva-
tion Districts. The TWDB groundwater da-
tabase has records from more than 135,000
wells located throughout the state. Six wells
with state-operated automatic water-level
monitoring (daily recorded water levels) are
located in or near CHDN parks (Big Bend
NP, Fort Davis NHS, Guadalupe Mountains
NP). Data from these observation wells,
which are included in the CHDN groundwa-
ter monitoring program, will help improve
our understanding of factors behind changes
in groundwater status.

Recent and historical water-level data from
the TWDB and its cooperators are pub-
licly available on the Internet. In addition,
well-drilling and construction data are avail-
able for many wells registered with the state
through the TWDB database. Additional in-
formation on these programs may be found
by following links from the main TWDB
website provided above.

3.3.2 U.S. Geological Survey

Alimited number of wells in and near SWNC
parks are currently monitored by the USGS.
Data collection at these wells is related to
specific programmatic objectives; the USGS
groundwater program is not intended to
provide statewide coverage. However, USGS
water-level monitoring in areas around parks
is valuable to the NPS for interpretation of
local groundwater conditions. Recent and
historical USGS groundwater data are avail-
able through the NWIS web portal (see Sec-
tion 3.3.1.4). Many USGS groundwater data
for Arizona are also available via the State of
Arizona’s ADWR GWSI system.

USGS groundwater monitoring in and near
SWNC parks includes three wells located
within a half-mile of Carlsbad Caverns NP,
in New Mexico, and locations in the upper
San Pedro River basin and the upper Verde
River valley, in Arizona. Except for one well
at Coronado National Memorial, none of
the wells currently monitored by the USGS
are located within SODN units. Additional
work is needed to determine if there are oth-
er wells monitored by USGS in or near parks
in the wider SWNC area.

3.3.3 Sonoran Desert Network

Table 3-2 provides a summary of ongoing
groundwater monitoring at SODN parks. Ev-
ery park in the network except for Gila Cliff
Dwellings NM is included in the groundwa-
ter program. Of the park units included in
the current program, SODN staff conduct
monitoring at three units, park staff conduct
monitoring at three units, and water levels
at or nearby five units are monitored by the
ADWR or USGS. SODN staff process all
of the data and incorporate them into the
SODN database.

The Organ Pipe Cactus National Monument
Ecological Monitoring Program (EMP) has
included quarterly water-level monitoring
at up to 14 wells since 1987. Seven of those
wells are no longer monitored due to casing
collapse, burial by debris flow, or the decline
of water levels below the well bottoms. EMP
groundwater data have documented steep
groundwater declines attributable to pump-
ing in the Lukeville-Sonoita area and, since
about 2000, shown declines in groundwater
levels across the park that correlate to re-
duced precipitation and large-scale anthro-
pogenic changes over that period (Filippone
etal. 2006, 2012).

At Saguaro NP, park staff and volunteers
monitor groundwater levels at 10 wells with-
in the Rincon Creek drainage in the Rincon
Mountain District. This effort originated in
2005, with data collection in support of a wa-
ter-rights application for instream flow in the
drainage. Chiricahua NM staff conduct wa-
ter-level monitoring at three wells within the
Bonita Creek drainage.

Additional monitoring programs in the So-
noran Desert Network region are maintained
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Table 3-2. Summary of wells selected for monitoring groundwater conditions in the Sonoran Desert Network.

Local well desianation State and/or Monitoring schedule Total Aquifer/Groundwater basin Monitoring entity
9 USGS well ID (Manual/Automated) depth (ft) q (data source)*
Casa Grande Ruins National Monument
Unconsolidated basin fill sediments/Eloy Basin ADWR
D-05-08 17BBB2 (off park) 55-621935 Annual 820 Pinal AMA (ADWR GWSI)
Chiricahua National Monument
Headquarters 55-629081 Monthly/hourly 78 Shallow Alluvium of Bonita Canyon/Willcox Basin NPS-CHIR (SODN)
Faraway 55-629083/55-629145 Monthly 120 Shallow Alluvium of Bonita Canyon/Willcox Basin NPS-CHIR (SODN)
Campground-1 55-629082 Monthly 116 Shallow Alluvium of Bonita Canyon/Willcox Basin NPS-CHIR (SODN)
Coronado National Memorial
Middle Pied t Huachuca Mtns/U San Ped
X2 55-509098 Quarterly/4x per day 320 Ba'sin € riedmont Ruachuca VIENSIUpper san Fedro s6pN (sobN)
Middle Pied t Huachuca Mtns/U San Ped
sX1 55-507448 Quarterly/4x per day 300 Ba'sin € riedmont Ruachuca MIEnsUpper san Fedro - s6pN (SoDN)
Middle Pi Huach M P
ACA2 55-509095 Quarterly/4x per day 340 Ba':: € Piedmont Huachuca Mtns/Upper San Pedro ¢\ (s o)
Water Supply-2 (Water Tank) 55-909747 Quarterly/2x per hour 683 Huachuca granite/Upper San Pedro Basin SODN (SODN)
55-633158
. Middle Pied t Huach Mtns/U San Ped USGS/SODN
Baumkirchner #3 (USGS Quarterly/4x per day 125 Balsin € Fiedmont Ruachlica MEnspper san Fedro (USGS/SODN)
312044110141901)
Alluvi Mont C /U San Ped
Headquarters 55-629139 Quarterly 98 Ba:xlum ontezuma Lanyon/pper >an Fedro SODN (SODN)
Fort Bowie National Historic Site
F H illa Li i Vall
WSW-2 55-582902 Quarterly/hourly 220 B;ici:l“red orquilla Limestone/San Simon Valley SODN (SODN)
Alluvi f Siph li k
Siphon Canyon 55-629136 Annually 102 luvium of Siphon Canyon/limestone bedrock/San ¢\ (<o)
Simon Valley Basin
Montezuma Castle National Monument (Castle unit)
MOCA water supply well 55-629124 Annuall 160 Verde Formation Limestone /Verde River Basin ADWR
PRy y (ADWR GWSI)
Montezuma Castle National Monument (Well unit)
ADWR Index Well A-15-05 25DDD ADWR
A I k Ri Basi
343924111454901 (off park) 55-514006 nnua 300 Unknown/Verde River Basin (ADWR GWSI)
USG5 343852111460301 A-15-05 36DAB Daily 189 Unknown/Verde River Basin USGS (NWIS)

(off park)
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Table 3-2. Summary of wells selected for monitoring groundwater conditions in the Sonoran Desert Network, cont.

Local well designation State and/or Monitoring schedule Total Aquifer/Groundwater basin Monitoring entity
9 USGS well ID (Manual/Automated) depth (ft) q (data source)*
Organ Pipe Cactus National Monument
Alamo Wash Shallow Alluvium of Alamo Canyon/Lower Gila NPS-ORPI
. 55- 629154 terl 17/21 .
(destroyed by flood in 2012) Quarterly Basin (ORPI/SODN)
Bates (obstructed; replaced . .
by East of Bates, October 55. 629121 Quarterly 67/30 Sha-IIow Alluvium of Growler Wash/Lower Gila NPS-ORPI
Basin (ORPI/SODN)
2010)
East of Bates unknown Quarter] Shallow Alluvium of Growler Wash/Lower Gila NPS-ORPI
y Basin (ORPI/SODN)
. USGS 320115112573001/ Shallow Alluvium of Aguajita Wash/Western NPS-ORPI
Bonita C-16-07 27BAD UNSURV Quarterly 37/40 Mexican Drainage Basin (ORPI/SODN)
55-629153 g
Corner USGS 315743113050201/ Quarter] 97/101 Lower Piedmont of Quitobaquito Hills/Western NPS-ORPI
C-17-08 09ADD UNSURV y Mexican Drainage Basin (ORPI/SODN)
Kali USGS 315254112490201/ Quarterl 187 Lower Piedmont of Ajo Mountains/Western NPS-ORPI
C-18-05 06DCD y Mexican Drainage Basin (ORPI/SODN)
USGS 315313112490701/ Lower Piedmont of Ajo Mountains/Sonoyta Valley/ NPS-ORPI
k [ 206 (?
Stac C-18-05 06DBB Quarterly 06 () Western Mexican Drainage Basin (ORPI/SODN)
USGS #1 Camino Dos USGS 315257112475301/ Quarter] 250 Lower Piedmont of Ajo Mountains/\Western NPS-ORPI
Republicas C-18-05 05DDC y Mexican Drainage Basin (ORPI/SODN)
. USGS 315232112475501/ Lower Piedmont of Ajo Mountains/\Western NPS-ORPI
USGS #2 Lukevill terl 238/250 . . .
ukevitie C-18-05 08ACA Quarterly Mexican Drainage Basin (ORPI/SODN)
USGS 315056112424301/ Lower Piedmont of Ajo Mountains/Western NPS-ORPI
USGS #3 Salsola C-18-04 19AAC UNSURV Quarterly 2781300 1 exican Drainage Basin (ORPI/SODN)
Headquarters No. 5 North >5-629090 Annual 420 Western Mexican Drainage Basin ADWR (GWSI)
d ' C-17-05 17ABC g
Saguaro National Park (Rincon Mountain District)
Alluvium of Chiminea Creek/Upper Santa Cruz NPS-SAGU
M Pack B Well -62 ly/hourly? 117
adrona Pack Base We 55-629099 Quarterly/hourly Basin Tucson AMA (SAGU/SODN)
. . Southern flank of Tanque Verde Ridge in the NPS-SAGU
H Well k -A /4 A
ope Camp We Unknown/unregistered  Semi-Annual/dx per day >0 Rincon Valley/Upper Santa Cruz Basin Tucson AMA (SAGU/SODN)
Pantano Formation /Upper Santa Cruz Basin NPS-SAGU
- ?
Lunt Well 55-633106 Quarterly/hourly? 455 Tucson AMA (SAGU/SODN)
. Alluvium of Rincon Creek/Upper Santa Cruz Basin NPS-SAGU
RC-1 55-206881 Quarterly/15 min 8.5 Tucson AMA (SAGU/SODN)
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Table 3-2. Summary of wells selected for monitoring groundwater conditions in the Sonoran Desert Network, cont.

Local well designation State and/or Monitoring schedule Total Aquifer/Groundwater basin Monitoring entity
USGS well ID (Manual/Automated) depth (ft) (data source)*
RC-2 55206882 Quarterly/15 min 13.0 ¢JLZ\;|:r£“j;R|ncon Creek/Upper Santa Cruz Basin (S!:ZSL_;?OGSJN)
RC-3 55.206883 Quarterly/15 min 170 ¢LIJICL:\C/)i:2|\cA>;Rincon Creek/Upper Santa Cruz Basin (SQZSJ:OGS\,)
RC-4 55.206880 Quarterly/15 min 9.0 ¢JICL;\;i:r£|\<;;Rincon Creek/Upper Santa Cruz Basin (52};53:06;,\1)
RC5 55-206879 Quarterly/15 min 115 :;Ist;xi:r:ﬂzf Rincon Creek/Upper Santa Cruz Tucson (S'I?‘I‘I;Slj;’-\g;m
RC-6 55206878 Quarterly/15 min 100 ¢ch:\;i:r2h<;;Rincon Creek/Upper Santa Cruz Basin (S'III;Sj;AOGDUN)
RC-7 55-206877 Quarterly/15 min 100 ¢LIJICL;\;i:r2|\cﬂ>;Rincon Creek/Upper Santa Cruz Basin (SQI;SL-;;AOGDUN)
Saguaro National Park (Tucson Mountain District)
SAGW WSW-1 55-629094 Quarterly/4x per day 560 3232 Z\j:ntams west bajada/Avra Valley Basin s AGSS/'ZEDN)
Tumacacori National Historical Park
MW-1-Deep 55551438 Quarteryxperday 120 e rta e basin sonta ruz AMA_(ADWIR GWS)
M1 Shallow 55551439 Quartetyxperday 65 santa e besin Sonta o AMA_(ADWIR GWS)
ADWR Index santa Cruz River Floodplain aquifer/Old ADWR
TUMA Water Supply Well 3:33_3(1)21; 13?)205321 Annual 150 Aallrsjt\iaiur:;lzJpgeerrSaz:a Zrilzn I::sLilrI\ :;nta zlrruz AMA (ADWR GWSI)
Tuzigoot National Monument
(Koaf::sz::LI; ADWR Index Well A1565(£92221D1CD Annual 1,400 Verde Formation local aquifer/Verde River Basin (ADCVEIRV\éT/VSI)
\(Il\il';y”c;;C(c:;’:co;;/:Sod Index AL@%@::?:‘D Annual 300 Verde formation local aquifer/Verde River Basin (ADCVIDIRV\éTIVSI)
?;?ft(:);fl?)d Department A-;g:g?:265C7DC 3x/year/4x per day 1,200 Verde Formation local aquifer/Verde River Basin (AD'\A/\VDRV\QNSI)

*see page vii for acronyms

Well locations at and near each park unit are shown in Appendix B.



by local water providers around population
centers, including Tucson, Phoenix, Prescott,
Flagstaff, and Sierra Vista. Data from these
programs are generally not readily available
unless included in the state groundwater-lev-
el database.

3.3.4 Chihuahuan Desert Network

Staff at Big Bend, Carlsbad Caverns, and
Guadalupe Mountains NPs and White Sands
NM have been monitoring groundwater
levels for the past few years, and will contin-
ue to do so with CHDN support. All wells
monitored in the CHDN are located in these
parks, and each park has a dedicated wa-
ter-level sounder. In the event of staff turn-
over, CHDN staff will assist with training of
new staff as needed.

Over the last century, more than 100 wells
have been dug or drilled in what is now Big
Bend NP. However, just 29 of those wells
currently represent the park’s most import-
ant sources (or potential sources) of water
and/or hydrogeologic information relevant
to park managers, water-resource planners,
and hydrologists. Tiwelve of those 29 wells are
observation wells, including one well main-
tained by the TWDB (Porter et al. 2009). Park
staff continuously monitors 10 wells with
pressure transducers, and another 34 “open”
observation wells are monitored at least once
a year (K. Crawford, pers. comm., August 8,
2012). Eleven observation wells in Big Bend
NP have been selected for inclusion in this
long-term groundwater monitoring proto-
col (Table 3-3). Those 10 wells were select-
ed from the full list of potential sites by first
eliminating wells that were the second of a
pair and those that were deteriorating. Wells
were then selected (1) to cover the spatial ex-
tent of the park, (2) to represent the park’s
three types of local aquifers located (igneous,
Upper Cretaceous, and Lower Cretaceous),
and (3) to represent the common threats to
groundwater (e.g., water-supply wells).

Staff at Carlsbad Caverns NP conducts wa-
ter-level monitoring at the only well in the
park, near Rattlesnake Springs. For 60 years,
Rattlesnake Springs has provided irrigation
water for NPS property and privately owned
land nearby, such as Washington Ranch. Wa-
ter at this site is piped from a 118-ft deep wa-
ter-supply well to park headquarters near the

main cavern through a pipeline completed in
1935. This well taps the same coarse alluvi-
al aquifer that sustains Rattlesnake Springs
(Porter et al. 2009). The recorded history
of water levels at Rattlesnake Springs well
is longer (60 years) than that of any other
well in the CHDN. The data from this well
will be included in the CHDN groundwater
database.

At Fort Davis NHS, the Oak Grove well,
used for irrigation of a culturally and histor-
ically significant cottonwood grove, may be
monitored as a part of CHDN’s groundwa-
ter monitoring efforts. There are two other
groundwater wells in the park, and an addi-
tional three observation groundwater wells
adjacent or nearby to the park that are a part
of Jeff Davis County’s groundwater monitor-
ing system. The two wells nearest the park
have been monitored by the county since the
mid-1960s (Porter et al. 2009).

Although 10 wells have been document-
ed within Guadalupe Mountains NP, none
has a history of known water levels prior to
April 2009, when NPS Water Resources Di-
vision (WRD) staff conducted a groundwater
monitoring assessment for the park (Martin
2009). Beginning in April 2010, monitoring
of three wells (Signal Peak, PX, and Lemon-
ade) was initiated (Table 3-3). Each of these
three wells is monitored manually on a quar-
terly basis, and is also instrumented with a
sensor that records water level and tempera-
ture on a 6-hour schedule (Filippone 2011).
The monitoring data are collected by Guada-
lupe Mountains NP staff and are processed,
reported, and archived by CHDN. Three
other observation wells are located between
six and 40 miles of the park, for which long-
term water-level records are available begin-
ning in 1954 (Porter et al. 2009). The TWDB
is investigating the hydrogeology of the Cap-
itan Aquifer and is developing a groundwa-
ter availability model to help guide future
groundwater development from that aquifer.
TWDB personnel take annual water-level
measurements at several wells in the area—
usually in the winter months, when ground-
water pumping is minimal (Martin 2009).

As of 2012, there were 15 known wells in
White Sands NM. Six of those wells have
been monitored from 1997 to the present. In
addition, six piezometers (most are six feet
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Table 3-3. Summary of wells selected for monitoring groundwater conditions in the Chihuahuan Desert Network (to date).

State and/or

Monitoring schedule Total depth

Monitoring entity

Local well designation Aquifer
W ‘gnatt USGS well ID  (Manual/Automated) (ft) qui (data source)*
Big Bend National Park**
Gambusia Well 72-49-508 (park #) None Bimonthly/4x per day 290 Cretaceous aquifer NPS BIBE (BIBE/CHDN)
Contractor's Well 73-46-704 (park #) None Bimonthly/4x per day 234 NPS BIBE (BIBE/CHDN)
Oak Springs Well #1/TB-5/73-46-706 (park #) None Bimonthly/4x per day 118 Igneous Intrusive Volcanics NPS BIBE (BIBE/CHDN)
TH-10/1-50/73-47-201 (park #) None Bimonthly/4x per day 445 Aguja NPS BIBE (BIBE/CHDN)
K-Bar #6 Observation Well/Panther Junction #6 Observation
N Bi thly/4 d 165 Aguj NPS BIBE (BIBE/CHDN
Well/73-47-508 (park #) one imonthly/4x per day gwa (BIBE/CHDN)
K-Bar #7 Observation Well/73-47-511 (park #) None Bimonthly/4x per day 130 Aguja NPS BIBE (BIBE/CHDN)
. u lidated alluvial
Gallery Well 73-52-905 (park #) None Bimonthly/4x per day 26 d:;z:: idated alluvial  \ps BIBE (BIBE/CHDN)
. 136 .
T-3/Well 37/73-47-101 (park #) None Bimonthly/4x per day (blocked) Aguja NPS BIBE (BIBE/CHDN)
Deep Fault Well 72-49-5 (park #) None Bimonthly/4x per day 798 Cretaceous NPS BIBE (BIBE/CHDN)
Reynolds Well 73-47-799 (park #) None Bimonthly/4x per day 90 NPS BIBE (BIBE/CHDN)
Gallery Well 73-52-905 (park #) None Bimonthly/15 minutes 26 Rio Grande alluvium NPS BIBE (BIBE/CHDN)
Guadalupe Mountains National Park
. Capitan Reef Complex NPS GUMO
S | Peak 4710201 terly/4 d 1500
ignal Pea 0 Quarterly/4x per day 0 Aquifer (GUMOJ/CHDN)
NPS GUMO
PX 4701201 ly/4 Local if
0120 Quarterly/4x per day 300 ocal aquifer (GUMO/CHDN)
Shallow alluvium of the NPS GUMO
L k ly/4 1
emonade unknown Quarterly/4x per day 5 Salt Basin Flat (GUMOJ/CHDN)

Well locations at and near each park unit are shown in Appendix B.

*see page vii for acronyms
**Source: K. Crawford, pers. comm., March 7, 2013.



deep and a few extend to 13 feet) and four
water wells have been in place at the park as
part of two other projects: LIDAR dune dy-
namics monitoring and ongoing hydrologic
studies by researchers from the New Mexico
Bureau of Geology and Mineral Resources.
Recording water-level sensors have been
installed in piezometers, shallow monitor-
ing wells (25 to 30 feet deep), and two deep
wells 200 feet deep. Results of the hydrologic
study have provided information leading to
improved understanding of the groundwater
system in the vicinity of White Sands NM.

3.3.5 Southern Plains Network

Southern Plains Network parks that utilize
groundwater as a primary source of potable
water include Alibates Flint Quarries NM
and Lake Meredith NRA, Bent’s Old Fort
NHS, Capulin Volcano NM, Fort Larned
NHS, Fort Union NM, Lyndon B. Johnson
NHP, Sand Creek Massacre NHS, and Pecos
NHP. Monitoring of groundwater resources
at each of these parks is recommended as a
primary means of informing park managers
on the status of this vital resource.

Implementation of the groundwater pro-
tocol in SOPN parks is in its early stages. In
past years, there has been limited monitoring
of groundwater levels within SOPN parks,

and a well inventory is in process for this net-
work (E. Gwilliam, pers. comm.). Chickasaw
NRA is the only one of SOPN’s 11 park units
that actively monitors groundwater (EARDC
2007). NPS personnel at Chickasaw NRA
monitor groundwater levels at four wells
(East, West, South, and North) associated
with this park unit. All but the North Well
are located inside park boundaries. Ground-
water in the vicinity of Lake Meredith NRA
and Alibates Flint Quarries NM are currently
monitored by the Canadian River Municipal
Water Authority.

Southern Plains Network staff monitors
groundwater levels at Bent’s Old Fort NHS,
and water levels were measured at the park
during March-September 2001 via 15
hand-augured and well-point driven pie-
zometers (EARDC 2007). This effort was
conducted as part of a study by Woods and
others (2002). Periodic high water tables in
the Arkansas River valley have caused con-
cern for the foundations and subterranean
rooms at Bent’s Old Fort NHS (Fran Pan-
nebaker, Chief of Natural Resources, pers.
comm.).

The SWNC hydrologist and aquatic ecology
leads have developed a recommended work-
plan for implementing the SOPN groundwa-
ter monitoring protocol (Appendix A).
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4 Implementation

Implementation of groundwater monitoring
will generally proceed along the following
steps:

«  Determine that collection of groundwa-
ter data is a priority for the network and
the park

«  Clarify objectives and goals of the
proposed program as they apply to the
network and the park

+ Identify candidate park units and dis-
cuss groundwater monitoring with park
staft

« Inventory and gather metadata and his-
torical water-level data for wells within
and adjacent to park units

« Obtain equipment, check calibra-
tions, enter into equipment-tracking
spreadsheets

+ Conduct and document field assess-
ments of candidate wells

«  Collect hydrogeologic reports and data
relevant to candidate park units within
the network

+ Select monitoring locations and identify
measurement schedules consistent with
goals and objectives for each location

+  Survey monitoring-location measuring
points and ground-surface elevations

« Develop and implement a “Green-Am-
ber-Red” (GAR) safety plan for moni-
toring at each park in conjunction with
park staff

+ Initiate monitoring

+  Process and archive data as it becomes
available

+  Revisit monitoring plans for each park
as data are processed and analyzed to
evaluate need for any revisions

« Develop hydrogeological summary and
text for reporting of data at monitored
park units

4.1 Sampling design
Sampling design includes both spatial and

temporal aspects of monitoring. Sampling
design is determined by program objectives,
availability of suitable monitoring locations,
hydrogeologic setting, and park and pro-
grammatic resources, including staff time
and funds for equipment, travel, and data
processing and management.

4.1.1 Location selection

4.1.1.1 Background

Selection of groundwater monitoring loca-
tions is typically relatively straightforward
because available groundwater monitoring
locations (wells) are limited. Groundwater
monitoring sites are primarily determined by
the presence, construction, and accessibility
of existing wells and the applicability of those
wells to the goals of the monitoring program.
Typical criteria for assessing whether a well is
appropriate for monitoring include consider-
ation of the following questions:

« Isthe monitoring location safely
accessible?

+ Isthe monitoring location located on
NPS property, or has the landowner
provided written permission to allow
the NPS to monitor at that location?

«  Does the configuration of the well-
head allow the access required for
monitoring?

+ Isthe well an active water supply well?

+ Isthe well the only available option for
monitoring at the park unit?

+  Are construction specifications known
for the well?

« Isawelllog available?

+  Are there historical water levels from
this well?

« Isthe well currently monitored by an-
other party?

+ Isthe well appropriately constructed to
allow collection of high-quality datain a
hydrologically suitable location?

«  Are nearby wells already being mon-
itored by another agency that would
render this location redundant?
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«  Are there other nearby wells that would
be more suitable?

+ Isthere any reason to believe the well
may be contaminated?

«  Are there existing water quality data
from the well?

Even when a potentially suitable well is avail-
able, access difficulties or other issues may
rule out the use of the site. In cases where
multiple wells are potential monitoring sites,
selection will be governed by available re-
sources and the capacity of data from each
well to contribute to meeting program-spe-
cific objectives. Determination of a well’s
suitability should be made by program man-
agers in concert with a hydrologist and park
staff after a review of local hydrologic and
geologic conditions has been completed.

In the determination of suitability and in-
terpretation of water-level data, knowledge
of well construction and geologic log data
are important. However, if the well was con-
structed prior to the implementation of re-
quirements for reporting this information,
these data are often not available. When
construction and/or geologic log data are not
available, knowledge of site conditions and
general well situation, such as total depth and
geologic setting, may be sufficient to provide
information needed to determine suitability
and interpret water levels recorded in those
wells. Depending on need and available re-
sources, supplemental well data may be ob-
tained by use of borehole video methods,
borehole flow meter studies, water quality
analyses, and/or pumping tests.

4.1.1.2 SWNC groundwater monitoring
sites

Tables 3-2 and 3-3 summarize sites current-
ly selected for groundwater monitoring at
or near SODN and CHDN parks. The wells
listed are either monitored by NPS park or
network staff, or are monitored by an out-
side agency and the data are obtained from
the Internet. Appendix B shows the locations
of the wells monitored at and near SODN
parks, and at Guadalupe Mountains NP.

4.1.2 Installation of new wells

Protection of high-value resources, includ-
ing springs, streams, and riparian habitats
in particularly sensitive or threatened areas,

may warrant construction of groundwater
monitoring wells or piezometers for data col-
lection. In cases where unique, highly valued
and particularly vulnerable resources are or
may be threatened, installation of monitoring
wells for data-collection purposes should be
afforded serious consideration. For example,
installation of monitoring wells or piezome-
ters near the Quitobaquito Springs and pond
complex at Organ Pipe Cactus NM has been
recommended (Filippone 2006). To date,
all groundwater monitoring included in the
SWNC groundwater protocol has been con-
ducted at existing wells and piezometers.

4.1.3 Measurement schedules

Water-level monitoring is conducted using
both manual (direct) and automated (indi-
rect) methods.

4.13.1 Manual measurement

Manual measurements require a site visit for
data collection and are scheduled according
to availability of staff and park-specific mon-
itoring objectives. Quarterly data are suitable
for identification of long-term trends and, to
alesser extent, seasonal effects in the data. In
addition, manual water-level measurements
provide essential quality-control reference
points for the data recorded by automated
water-level sensors.

4.1.3.2 Automated measurement
Background—. The use of automated meth-
ods is beneficial when monitoring objec-
tives are best met by data collection at more
frequent intervals than can reasonably be
achieved by site visits. Data from datalogging
sensors are downloaded during site visits.

When scheduling automated measurements,
itisimportant to consider the burden of long-
term data management, and to minimize the
number of data points collected while fulfill-
ing the information need. If the only goal is
to identify long-term trends, then quarterly
monitoring is generally adequate. However,
resource managers wanting to understand
why trends are occurring, or interested in
identifying actions they may wish to take in
response to trends, will benefit from a richer
dataset that can provide greater insight to the
causes of changes—that is, the larger-scale
water-balance dynamics of the groundwater
system.
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While the complete datasets needed to devel-
op adetailed water budget are rarely available,
data on some variables are typically available
and others may be estimated with greater or
lesser degrees of certainty. Some of the data-
sets that would be applied to a water-balance
analysis* include groundwater levels, precip-
itation, potential evaporation, temperature,
evapotranspiration, stream flow, infiltration,
and pumping, as well as hydrologic param-
eters that would contribute to a meaningful
water-balance analysis. Of these, a number
are already monitored at most parks.

Water levels are known to fluctuate in re-
sponse to many types of natural and anthro-
pogenic perturbations, including groundwa-
ter pumping, channel incision, and reduced
infiltration due to evapotranspiration, earth
tides, and barometric air-pressure fluctua-
tions. Some of these perturbations are cyclic,
with daily, seasonal, or annual periods, while
others follow less predictable patterns. Tem-
poral spacing of recorded water levels should
be designed to capture the most transient
phenomena determined to be important for
the specific objectives at each site.

If the phenomenon of interest is cyclic, then
determination of monitoring frequency will
rely on an analysis of the phenomenon of
interest and the desired resolution, with con-
sideration given to limiting the resulting data
management burden. In addition to site-spe-
cific objectives, some factors that may be
considered when establishing manual and
automated measurement schedules include:

+  Availability of resources required to con-
duct site visits, including staff time, travel
support, and equipment

+ Availability of resources to carry out data
management, develop site documenta-
tion and metadata, and hydrogeologic
setting information and reporting

+ Availability and nature of historical data
«  Other nearby wells monitored

« Understanding of hydrogeology in the
area (good/fair/poor)

«  Hydrogeologic setting

+ Shallow water table-deep water
table

« Location relative to recharge/dis-
charge zones

«  Proximity to streams/springs/ripari-
an habitats

«  Nearby pumping or recharge
facilities

« Different groundwater basins or
watersheds

SWNC schedule—. The default schedule for
automated groundwater level and baromet-
ric pressure measurements in SWNC parks
is four times daily, programmed as follows:
12:00 am, 6:00 aM, 12:00 pMm, and 6:00 pm. This
schedule is sufficient to discriminate daily or
longer-period cyclic signals. More frequent
data collection does occur at selected sites
when local objectives require.

Current SODN and CHDN groundwater
monitoring schedules are shown in Tables
3-2 and 3-3. In each case, the data-collec-
tion schedule has been established by, and to
meet the needs of, the primary user. Where
monitoring is conducted by NPS staff, the
primary user is the respective park, and data
collection is conducted by either park or net-
work staff. In the case of wells monitored by
state agencies or the USGS, the primary users
are those respective agencies and the NPSisa
secondary user of those data.

A well inventory, list of monitoring locations,
and schedules for SOPN parks were being
developed at time of writing. Several shallow
wells at Bent’s Old Fort NHS are in the early
stages of monitoring.

4.13.3 Time conventions

All sensors and data are maintained on lo-
cal (Central or Mountain) Standard Time
year-round, regardless of local daylight time
conventions. This system is equivalent with
Coordinated Universal Time (UTC), which
does not change with the seasons. Times
programmed to sensors and times recorded
for manual readings are referenced to time
originating with the National Institute of

*A water-balance analysis attempts to quantify the total amount of water entering and leaving a system,
together with the change in stored water. Such analyses can be used to develop estimates of components
that are difficult or impossible to measure, such as actual evaporation and transpiration.
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Standards and Technology (NIST) in Colora-
do. Time from NIST can be easily located on
cell phones, and can also be found at www.
time.gov. NIST time is consistent with UTC
within fractions of a second. When local day-
light savings time is in effect, an hour should
be subtracted from the local time to maintain
all readings in the standard time framework.
Where cell phones will not receive a signal,
a reliable timepiece should be synchronized
with cell-phone time prior to going to the
field. As a reference, Mountain Standard
Time is equivalent with UTC -7 (i.e., 7 hours
earlier than the reference), and Central Stan-
dard Time is equivalent with UTC -6.

4.2 Preparation for monitoring

After a park is identified for monitoring,
preparations begin, including program
planning, data management preparation,
fieldwork scheduling, and purchasing and
maintenance of equipment. Inventory and
development of the well files, field fold-
ers, and site metadata constitute significant
preparation efforts for fieldwork that are
documented in SOP #1. The files and field
folders will require ongoing updates but the
majority of this effort will occur in the early
stages of implementation.

Preparation activities for monitoring site vis-
its and equipment lists are described in SOP
#2. Key activities include staff training; de-
velopment and review of safety procedures;
assembling, cleaning, and calibrating equip-
ment and supplies; and arranging logistical
details for each site visit. All work will be con-
ducted in conformance with established net-
work safety procedures (CHDN 2013; SOPN
2012; SODN 2012). More information on
each of these topics can be found in SOP #2.

Equipment management and tracking is an
important component of the groundwater
program. A spreadsheet-based inventory of
groundwater instrumentation acquired and
deployed by the network is maintained and
updated as purchases are made or equip-
ment is loaned, deployed, repaired, upgrad-
ed, relocated, replaced and/or retired. These
spreadsheets/databases are designed to track
monitoring hardware deployed in parks over
time, providing information on both histor-
ical and currently installed instrumentation.
The spreadsheets also provide an indepen-

dent means of associating data with instru-
mentation if one should be needed.

Equipment purchased for use in the ground-
water program is documented and tracked
upon receipt on an “intake” spreadsheet by
fiscal year. As sensors, software, or communi-
cations hardware are deployed at park units,
or as monitoring hardware, such as sounders
or sensor downloaders, are loaned to park
units, a notation to that effect is made in the
hydrologic instrumentation intake tracking
spreadsheet, and a corresponding notation
is made on the park-specific worksheet in
the same workbook. As field equipment is
loaned, deployed, repaired, upgraded, relo-
cated, replaced and/or retired, entries to that
effect are noted, so that it is possible to track
equipment from reception to retirement. Ex-
amples of network intake and park-equip-
ment spreadsheets are provided as attach-
ments to SOP #5.

4.3 Field methods

For the purposes of this protocol, the princi-
pal method of quantifying hydraulic head is
by measurement of the distance from a fixed
point to the water surface in equilibrium
with the atmosphere in a well, piezometer,
or open borehole under static conditions. It
must be understood that site conditions, in-
cluding geology, flow regimes, and well con-
struction, will determine what that measure-
ment actually represents; see Bear (1972) for
a further discussion of the interpretation of
water-level data. In locations where artesian
conditions are present, hydraulic head may
be determined by measurement of confined
pressure.

As described in Section 4.1.3, field methods
may be grouped into two categories: manu-
al (direct) and automated (indirect). Wells
monitored by CHDN and SODN are mea-
sured by direct methods on the schedules
shown in Tables 3-2 and 3-3. As described
above, some of the wells are also monitored
using indirect methods.

4.3.1 Direct field measurements

Direct field measurements of depth to wa-
ter, also known as “tape-down” or manual
measurements, are the most fundamental
water-level data element and are the standard
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against which indirect data are compared and
adjusted. In a tape-down measurement, the
observer measures depth to water in a well
from a fixed measuring point (MP) at the sur-
face. Direct field measurements are typically
made using a graduated electrical sounder or
a chalked steel tape. SOP #3 provides details
for obtaining and recording direct depth-to-
water data using manual measurements.

Quality control for water-level sounder mea-
surements includes scheduled verification of
sounder-tape markings using a survey-grade
steel tape with 0.01-foot markings and tem-
perature-compensation scale. Methods for
calibrating the water-level sounder are pro-
vided in the USGS document AR-2010-1.7,
“Methods for calibration of graduated steel
and electric tapes for measuring water lev-
els,” which is included with SOP #2. A data-
sheet for sounder calibration is included with
SOP #2.

Preventing contamination of wells by chem-
ical or biological agents is a high priority. A
comprehensive equipment-cleaning and
disinfection procedure is required between
uses at different park units. During a single
site visit, the water-level sounder or tape is
disinfected following each manual water-lev-
el measurement prior to use at another well.
Procedures for cleaning and disinfecting
water-level instrumentation are provided in
SOP #4.

Under some conditions, alternative methods
requiring specialized equipment may be re-
quired. Alternative methods for measuring
water level/hydraulic head, such as using
sonar or air pressure (or water pressure un-
der artesian conditions), are not described
as part of this narrative or the accompanying
SOPs. Methods for measuring water levels in
very deep wells are discussed by Garber and
Koopman (1978). Additional information re-
lating to alternative methods of water-level
measurement may be found in Cunningham
and Schalk (2011).

4.3.2 Indirect field measurements

Indirect methods of measuring depth to
groundwater, such as the use of sensors
equipped with recording capabilities, offer
many benefits to the SWNC groundwater
program—including the ability to collect

measurements on a daily or more frequent
schedule and the opportunity for flexibility in
scheduling site visits. Recording sensors are
able to capture data that represent dynam-
ic, shorter-term ecohydrologic and surface
water-groundwater interaction processes in
addition to long-term trends in groundwater
levels. They typically also record water tem-
perature—an added benefit.

Automated, or “continuous” measurements
are typically obtained using a data-logging
pressure transducer (hereafter referred to as
the “sensor”) installed at a known position in
the well. As water levels change, the varying
weight of the water column above the trans-
ducer is recorded at a prescribed time inter-
val. From these data, the height of the water
column above the sensor, depth to water
from the surface, and water-level elevation
can then be calculated at each measurement
time. Data from submersible sensors are
verified against manual measurements and
adjusted as needed for quality-assurance
purposes. Procedures for downloading and
maintenance of the water-level sensors cur-
rently in use at SWNC parks are described in
SOP #6.

4.3.2.1 Selection of sensors
Background—. The planning and instal-
lation of data logging water-level sensors
depend on site- and manufacturer-specific
configurations. Specific sensors, and con-
figuration of water-level monitoring instru-
mentation, are determined by site-specific
physical parameters and by the goals and
objectives of monitoring at each site. When
considering alternative pressure sensors and
comparing costs, some of the key factors that
may be helpful to keep in mind include:

1. Size and physical configuration of the
sensor and well access

2. Measurement pressure range

3. Accuracy and resolution of
measurement

4. Battery life or power source, if external
5. Warranty period

6. Ease of programming, downloading,
and processing of data

7. Method(s) available for downloading
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Sensor

8. Cost of software and licensing
requirements

9. Cost of field downloaders and cables
10. Cost of computer connection hardware
11. Cost of sensors

12. Vented or unvented options

13. Cost of barometric pressure sensor
(needed for unvented sensors)

14. Memory size of sensors

15. Flexibility in programming time steps,
start-stop, etc.

SWNC sensors—. The Sonoran Desert, Chi-
huahuan Desert, and Southern Plains net-
works have found that the use of unvented
submersible pressure transducers, compen-
sated for changes in atmospheric pressure
with a nearby barometric pressure sensor,
have met network needs. Unvented sensors
do not require maintenance of air lines using
dessicant, and may be deployed using less
costly cable than that required for vented
sensors. The unvented water-level sensors
require data compensation for barometric
pressure changes, which is easily accom-
plished using software developed for this
purpose. Data from a single barometric pres-
sure sensor may be used to compensate data
from pressure transducers within a range of
20 horizontal miles and 1,000 vertical feet
(Solinst 2011). However, experience has
shown that use of barometric readings mea-
sured nearby and in a similar environment as
the sensor to be compensated will result in
the best quality compensation.

For purposes of data consistency, most effi-
cient use of hardware and accessories, and
uniformity in training and operating pro-
cedures, CHDN, SODN and SOPN have
elected to use a single type of recording wa-
ter-level sensor for groundwater monitoring.
This hardware is available for purchase from
several U.S. General Services Administra-
tion-registered suppliers. The sensor sys-
tem is supplied from the manufacturer with
support in the form of user’s manuals and
technical support by telephone as needed.
Alternative water-level sensor systems are
available and used as needed when site-spe-

cific conditions warrant.

For further information on selection and
deployment of water-level sensing instru-
mentation, the reader is referred to NPS staff
with experience in this area. Technical staff
are available for consultation on this topic
at the NPS-WRD and within the networks.
Additional guidance may be found in Free-
man and others (2004) and Cunningham and
Schalk (2011).

4.3.2.2 Deployment of groundwater-level
sensors

Specific procedures for deploying ground-
water-level sensors are not included in this
protocol due to the variety of site conditions
and instrumentation options that may be en-
countered. The groundwater program lead
is responsible for determining what, where,
when, and how to install instrumentation as
part of the groundwater program. For guid-
ance on this topic, the reader is referred to
I&M hydrologists and NPS-WRD or other
NPS hydrology staff as a source of informa-
tion and technical support. In addition, the
reader is referred to Cunningham and Schalk
(2011) and Freeman and others (2004) for
additional information.

SOP #5 describes the steps for document-
ing the installation of continuous water-lev-
el monitoring instrumentation in wells.
SWNC staff uses the datasheet, “Document
Groundwater Monitoring Instrumentation”
(SOP #5) to record details and guide data
collection during installation of water-level
Sensors.

43.2.3 Deployment of barometric-pres-
sure sensors

The recommended deployment location for
a barometric-pressure sensor used to com-
pensate data from an unvented water-level
sensor is within a well that is not sealed air-
tight, a few feet or more below the ground
surface at a depth that will not be threatened
by submersion if water levels rise. Alterna-
tively, barometric-pressure sensors may be
deployed on the surface within a building
with ample air leakage and without heating
or air conditioning, such as a storage shed or
maintenance workshop. Deploying a baro-
metric-pressure sensor inside an airtight and/
or heated or air-conditioned building will
introduce unwanted air pressure fluctuations
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related to heating, cooling, and human activ-
ity. Also, deployment in a location affected
by wind will potentially introduce significant
pressure fluctuations that do not affect water
levels within the wells in the same way, and
should be avoided.

43.2.4 Quality assurance/quality control
Use of automated data collection requires
careful attention to data quality so that any
issues may be recognized and corrected,
or the data flagged accordingly, in a timely
manner. Depending on specific accuracy re-
quirements of the program, greater or lesser
degrees of quality control are required. The
SWNC groundwater program strives to meet
accuracy standards of 0.01-ft in manual and
automated water-level data.

While pressure transducers are manufactur-
er-calibrated prior to delivery to the consum-
er, problems can arise between the office/
laboratory and the sensor installation point.
For this reason, each sensor should be tested
prior to installation to verify accurate calibra-
tion in the office/laboratory and again in the
field. Detailed guidance on testing and cali-
bration of transducers can be found in Free-
man and others (2004) and Cunningham and
Schalk (2011).

When wells are instrumented with water-lev-
el pressure sensors, measurements may be
recorded at regularly spaced time intervals
and downloaded by either park or network
staff at convenient times. Manual groundwa-
ter-level measurements are taken at the time
of each download or more frequently, as time
allows. The manual water-level data provide
an essential reference point against which to
verify the accuracy of the recorded water-lev-
el data. Potential issues with water-level sens-
ing instrumentation data include drifting of
the pressure transducer, installation at dif-
ferent depths between deployments due to
the cable or attachment apparatus snagging
or hanging up on something inside the well,
battery failure, and changes in the length of
the suspension cable or cord due to stretch-
ing, kinking, or temperature changes.

4.3.3 Photographic site record

Obtaining photographs of each well site
at least annually is included as part of this
protocol. The photographs should be docu-
mented using photographic metadata meth-
ods described in the respective network
guidelines (CHDN 2012; SODN 2009).

4.4 Monitoring follow-up

The principal tasks immediately following
a monitoring event include transfer of data
to computer networks, cleaning and main-
tenance of equipment, and data processing.
Following data processing, interim reports
to parks are developed, consisting of a graph
of all data (including the most recent) and a
sentence or two of comment about the in-
formation shown on the graph. After the
end of the water year, final quality assurance/
quality control, analysis, and reporting are
conducted.!

4.4.1 Equipment cleaning and
disinfection

Following a site visit for groundwater moni-
toring at a single park, equipment (including
the empty cable reel) must be thoroughly
cleaned, disinfected, and returned to storage
prior to use at another park. When moni-
toring multiple wells within the same park,
disinfection of equipment is recommended
between wells, and always required prior to
use of equipment at water supply wells. SOP
#4 provides details on the steps to follow for
cleaning and disinfection of sounders, empty
reels, and any other equipment that has come
into contact with the inside of well casing(s).
Equipment that is not cleaned promptly
upon return to the base of operations should
be tagged as unclean. Equipment should not
be returned to its assigned storage location
or go into the field at another location until it
has been fully cleaned and disinfected.

4.4.2 Data processing

Data processing begins with the transfer of
raw data files from field downloaders and

! For CHDN, SODN and SOPN purposes, a water year has been designated as the period from Octo-

ber 1 to September 30.
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handwritten datasheets to field folders and
digital formats compatible with Microsoft
Excel and Access. Data processing should
occur promptly upon returning to the office
following each data-collection event. Steps
for processing raw data and data obtained
from sources outside the NPS are outlined in

SOP #7. Master files that archive cumulative
groundwater data for each location will be
stored as described in SOP #7.

Details of data management, particularly
as related to the groundwater database and
handling of field datasheets, are provided in
Section 5.
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5 Analysis and Reporting

Analysis and reporting responsibilities will
be handled by each network using common
procedures and formats. Analysis and re-
porting of groundwater monitoring activities
for each park will be conducted annually as
per the protocol schedule shown in Table 5-1.
Analysis and reporting will focus on the goals
identified in Section 2.1 of this document.

Guidelines for data analysis and the devel-
opment of the annual report for the ground-
water protocol are provided in SOP #8. The
groundwater annual report will include a
narrative description of the data and a dis-
cussion of the hydrogeologic setting for each
well. This section is not expected to change
significantly from year to year but may be
supplemented or modified as additional data
become available. The report will discuss the
groundwater data record as it relates to oth-
er water-balance components for which data
are available.

The report will also include graphs showing
both the manual measurements and time-se-
ries data recorded by sensors in wells for the
water year of the report. Manual water-level
data will be reported in tables as both depth
to water and water-level elevation. In ad-
dition, the entire dataset of record for the
monitored locations will be presented graph-
ically as a separate plot. When available, daily

precipitation totals, cumulative precipita-
tion and evapotranspiration demand, and/or
maximum and minimum daily temperatures
will be presented graphically, along with wa-
ter levels and the monthly regional Palmer
Hydrologic Drought Index (PHDI). PHDI
data are available at http://www1.ncdc.noaa.
gov/pub/data/cirs/.

A quantitative analysis of the data record will
be presented to the extent that available data
allow. The minimum analysis would describe
the range of the fluctuation in the water table
over the year and historically, and cumulative
annual precipitation at the site. Higher levels
of quantitative analysis will be possible for
data recorded by sensors at more frequent
intervals (e.g., daily/hourly), and at locations
where multiple monitoring locations allow
calculation of hydraulic gradients. For exam-
ple, the higher levels of analysis may identi-
fy relationships between groundwater levels
and evapotranspiration demand, pumping in
the area, flow direction, response to extreme
events, or seasonal and longer-term climat-
ic conditions. When available from other
sources, information relative to surrounding
regional groundwater conditions will also be
incorporated either directly or by reference
in the report.

Protocol Narrative

29


http://www1.ncdc.noaa.gov/pub/data/cirs/
http://www1.ncdc.noaa.gov/pub/data/cirs/

6 Data Management

For this protocol, data management will be
handled consistently across the three net-
works using a shared database. Effective data
management to ensure data quality, inter-
pretability, security, longevity, and availability
is critical to the success of the groundwater
monitoring program. Data management for
this monitoring effort is a cyclic process that
starts with a kickoff meeting in August of the
preceding water year and ends in February of
the second year following the kickoff meet-
ing, when the final report is completed and
data are permanently archived off-site. The
cycle is repeated each year as monitoring
data are collected.

This section presents an overview of the
monitoring database and general procedures
for organizing, entering, verifying, validating,
certifying, documenting, distributing, and
archiving the data collected under this proto-
col. Additional information and context may
be found in each network’s data management
plan. Further details and instructions for the
tasks in each stage of the data management
cycle are contained in SOP #9.

6.1 Data organization

This long-term monitoring project generates
large quantities of data and numerous prod-
ucts, and a well-organized digital file struc-
ture is critical to avoid confusion and poten-
tial data corruption. Any organization that
implements this monitoring project should
have a formalized directory structure to
manage ongoing data collection. Appropri-
ate staff and partners involved in this project
are granted edit access to data for the current
field season. At the end of each field season,
certified data, completed products, and oth-
er seasonal files are transferred to the perma-
nent project folder where they are stored in
read-only format. Each network or organiza-
tion should and will provide documentation
and training on its own specific directory
structure, its purpose and use, and links to
other information relevant to the project.

6.2 Data model

To appropriately manage groundwater data,
the dataset should be stored and managed
in a normalized relational database. This

protocol may also leverage other databases
common to workflow throughout the office.
These database solutions could include (1) a
database containing the data tables that store
core groundwater data and (2) a database(s)
containing other data relevant to operation-
al and project needs, which are integrated
through a user interface. This configuration
allows for improvements and revisions to the
database user application without altering
the actual data structure or any of the records
in the back-end database data tables.

The database containing the core ground-
water data is being developed with indica-
tors to represent where data are in the data
life cycle. The database also incorporates an
automated log file that tracks the users who
access it, as well as any modifications users
make to either the database structure or data.
The database is accompanied by metadata
or documentation that articulates the data
dictionary, management of the database, and
versioning procedures.

The user interface includes forms for data en-
try and modification; queries for verification,
validation, and data export; and code for
creating custom features designed to main-
tain efficient workflow. The application has
documentation that articulates procedures
for management and versioning, as well as
easy-to-understand user instructions.

The database created by the authors of this
protocol is based on the NPS Natural Re-
source Database Template (a set of rela-
tional database tables in Microsoft Access
recommended by the NPS I&M program
for these types of databases). The design in-
cludes standardized core tables for elements
(such as Locations and Events) that are com-
mon to most monitoring datasets, as well as
a field data table that can be duplicated and
customized to meet individual project data
requirements.

The project leader should have a thorough
understanding of the project database struc-
ture and procedures for using the applica-
tion. Any and all documentation requested
by the project lead, staff, or partners should
be made available in read-only format.
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6.3 Data-entry procedures

Sampling data for groundwater are acquired
as specified in the protocol SOPs, using two
different methods: (1) data are manually re-
corded on paper field datasheets, and (2) re-
corded data are downloaded from automat-
ed sensors. A third method, in which manual
measurements of water level data are entered
directly into the project database on rugge-
dized field laptop computers, is available but
not utilized for this protocol.

Paper field data-entry forms serve as the pri-
mary portal into the database. Location and
sampling event information are entered first.
Then, field-trip notes, metadata describing
wells, and data on manual depth-to-water
measurements and well-hardware mainte-
nance data may be entered.

Data recorded on paper field datasheets are
copied and the originals placed into the “To
Be Entered” data folder in the Groundwa-
ter file drawer. These data are entered into
the digital database as soon as possible fol-
lowing collection. Copies of datasheets are
provided to the groundwater lead. Beginning
data entry after the field season ends is not
acceptable. This is an essential step since
keeping current with data entry facilitates
finding and correcting errors while the infor-
mation is still fresh in the minds of the field
staff. To facilitate accuracy, QA/QC (quality
assurance/quality control) mechanisms are
built into the database to eliminate as many
potential data-entry errors as possible. The
“Groundwater Monitoring Database User
Guide” contains more information on these
mechanisms.

Data downloaded from electronic sensors
are processed following the procedures out-
lined in SOP #7. An SOP describing ground-
water data management and QA/QC pro-
cedures for continuous data using Aquarius
software to process time series data from
sensors is planned for development.

6.4 Data-certification process

Data verification is the process of checking
the accuracy of digital data against copies of
the original paper datasheets. Data record-
ed on paper datasheets and entered into the
groundwater database requires verification
(refer to SOP #9 for guidance on QA/QC

procedures for paper datasheets).

Data validation is the process of reviewing
digital data for range and logic errors. Al-
though some validation features, such as
range limits, are built into the database itself
via data-entry forms (see above) and queries,
the project lead or another person familiar
with the data further reviews the dataset for
these types of errors. Spatial data are validat-
ed according to the procedures specified in
SOP #9 using the latest version of NPS-sanc-
tioned geospatial software.

Data certification is the process of ensuring
that the dataset (i.e., the database containing
all of the records for that year) has been ver-
ified and validated for accuracy, is complete,
and is fully documented. Data certification is
completed annually for all tabular and spatial
data and photographs. This process should
be documented by the project leader in or-
der to notify the data manager that data are
ready for archiving and storage. After the
dataset is certified, it can be used in analysis
and reporting.

6.5 Data metadata procedures

Any data produced by the groundwater mon-
itoring protocol should have accompanying
metadata. Metadata help users to locate and
use their own data resources and those of
others. Metadata also help to preserve data
history, allow the data life cycle to be effec-
tively managed, identify the effective and
administrative limits of data use, and instill
data accountability by requiring producers
to state what they do and do not know about
the dataset.

At the most basic level, metadata ensure the
longevity and usability of the dataset. When
changes in personnel cause an organization
to lose institutional knowledge, undocu-
mented data can lose its value. Subsequent
employees may be left with minimal under-
standing of the contents and uses of a digi-
tal database and may be unable to trust the
results generated from those data. Also, lack
of knowledge about data produced by oth-
er organizations can lead to duplication of
effort. For these reasons, in the long term,
data metadata are well worth the investment
of time and resources required to generate
them (FGDC 2013).
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For geographic metadata, the “SODN Meta-
data Development Guidelines” incorporate
best practices according to NPS and Federal
Geographic Data Committee (FGDC) stan-
dards. Database objects (e.g., tables, fields)
are defined and documented in a data dictio-
nary and/or in Section 5 of an FGDC-com-
pliant metadata file. Both spatial and
non-spatial metadata records are uploaded
to the NPS Natural Resource Information
Portal, where they are available to the public.
All metadata records are updated as needed
whenever additional data are collected and
added to the dataset.

6.6 Product integration and
distribution

Multiple products will be generated from
this dataset, including annual groundwater
data, field summaries, data summaries, sta-
tus reports, and synthesis-and-trend reports.
All data will be assessed for sensitive content
or proprietary purposes. All data, metada-
ta, and reports judged to be non-sensitive
and non-proprietary will be made available
to any interested parties. Other datasets, in-
cluding those containing sensitive data, may
be requested in writing from the data stew-
ard. Sensitive data are released only with a
signed confidentiality agreement. Each net-
work or organization is responsible for en-
suring that data are stored in the appropriate
location and format, and are obtainable by all
person(s) interested and authorized to access
the dataset(s).

6.7 Data maintenance and
archiving

The groundwater databases are archived on a
secure server with regularly scheduled back-
ups. To ensure data compatibility with other
existing or newly developed software pro-
grams, each database will be exported to an
ASCII file. These ASCII files are stored on a
secure server drive. All archived files are des-
ignated as read-only.

Before making revisions to either the front- or
back-end database, a copy of the current ver-
sion is stored to facilitate tracking of changes
over time. The file name for the database in-
cludes a number indicating the version of the
database (e.g., Groundwater be_v100.mdb)
appended to the file name. After storing the
copy, the version number of the database un-
dergoing revision is changed and “_Draft” is
added to the end of the file name. When the
revisions have been approved, the “ Draft”
designation is removed. Frequent users of
the data are notified of the updated version
by data management staff.

After the data have been certified and ar-
chived, any data editing must meet the fol-
lowing conditions: (1) users may only make
changes thatimprove or update the data while
maintaining data integrity, (2) all changes
must be documented in the database change/
version log, and (3) users must be prepared
to recover from mistakes made during edit-
ing. Printed data records are not altered, and
they are reconciled to the database through
the use of the edit table. Any editing of ar-
chived data is accomplished jointly by the
project leader and data manager.
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7 Personnel Requirements and Training

Personnel involved in executing this pro-
tocol include network staff, park staff, and
volunteers. Fixed network staffing needs in-
clude a groundwater program lead and data
management staff, as well as geospatial and
administrative support staff. Additional net-
work staffing needs depend on details of the
planned groundwater program for each net-
work, including number and distribution of
sites, frequency of monitoring, and availabil-
ity of park and/or volunteer staff to conduct
fieldwork at the monitoring locations. Per-
sonnel training requirements depend on the
respective tasks each will perform.

Park staff and volunteers provide essential
“boots on the ground” support by collecting
manual depth-to-water measurements and
downloading water-level sensors deployed
in wells. Availability of park staff and vol-
unteers significantly reduces costs associat-
ed with network travel time and expenses.
Typical tasks carried out by field staff require
specific training in conducting and recording
accurate tape-down measurements as well as
downloading and performing maintenance
on water-level sensors. The essential tasks
for field personnel are described in detail in
SOPs #1-6. Training for park staff and vol-
unteers includes reading and becoming well-
versed in the field protocols, safety proce-
dures (CHDN 2012; SODN 2012), and SOPs.
Staff-in-training are accompanied by the
groundwater lead or another qualified net-
work staff member during initial monitoring
events to verify procedures and understand-
ing of the protocol, SOPs, and datasheets.

Network personnel requirements include
staff for planning and preparation, fieldwork
and equipment management, data process-
ing, data management, analysis, reporting,
and administration. Fieldwork includes
one-time or occasional tasks, such as sur-
veying and site-metadata inventory, as well
as repeated events, such as measuring depth
to water manually at monitoring sites and in-
stalling, maintaining, troubleshooting, and
downloading recording sensors at selected
locations.

With the possible exception of installation
of sensors, field efforts related to ground-
water monitoring for wells with water levels
not greater than 1,000 ft bgs (below ground
surface) can generally be accomplished by
one person. Measurement of deeper water
levels may require more than one person.
Where sites are remote or other situations
exist, safety considerations may dictate that a
minimum of two persons should conduct the
monitoring,

Planning the installation of recording sensors
and the reporting and analysis of groundwa-
ter data requires training in hydrogeology
and groundwater hydraulics. Interpretation
of groundwater data within local and region-
al contexts requires formal training in hydrol-
ogy. However, presentation of water-level
data, even without interpretation, will allow
park staff to arrive at general conclusions re-
garding groundwater status and trends.

7.1 Roles and responsibilities

The groundwater program lead is responsible
for implementing this protocol and reporting
to the network coordinator. Protocol imple-
mentation will be conducted by network,
regional, and park staff in cooperation with
and under the guidance of the groundwater
program lead for each network. Volunteers
are coordinated by staff from the respective
parks where they serve. Data managers are
responsible for data management activities.

At the start of the water year, the ground-
water program lead will develop an annual
work plan in coordination with the network
streams protocol and other network field-
work. The protocol leads will tentatively
schedule fieldwork and will coordinate with
other network staff to implement the plan.

Network field personnel are responsible
for assembling equipment, ensuring that
it is cleaned and in working order, and co-
ordinating visits and well access with park
staff. In cases where field sensors will also
be accessed, the field staff should verify that
the required software for that hardware is
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loaded onto the laptop or downloader as
needed and is functional. In the field, data
identifying the observer, well, date, time,
depth to water, and equipment used will be
entered directly into the groundwater field
datasheets, along with field notes (SOP #3).

Where field monitoring is conducted by park
staff or volunteers, groundwater field data-
sheets will be used for documentation of
fieldwork. These sheets will be transmitted
to the program manager by e-mail of scanned
datasheets, fax, or postal mail following com-
pletion of each monitoring effort.

All digital field data from water-level sen-
sors will be transferred in raw format from
parks via e-mail or downloaded from net-
work hardware and filed in a dated folder on
the vital-signs drive under the appropriate
groundwater folder as described in SOP #7.

At the end of the field season, the groundwa-
ter program lead is responsible for directing a
thorough review of all data entered. The data
manager is responsible for designing a suit-
able database, updating the database, and ar-
chiving and disseminating groundwater data.
The groundwater program lead will summa-
rize, analyze, and report annual groundwater
data to the network coordinator.

7.2 Qualifications and training

Staff must be able to perform the activities
described in this document. Recommend-

ed qualifications and training of staff imple-
menting the groundwater protocol are de-
tailed below.

The network hydrologist, physical scientist,
or aquatic ecologist acts as the program lead,
organizes and oversees the groundwater
monitoring effort, and reports to the network
coordinator. The program lead must have in-
depth knowledge of this protocol and asso-
ciated SOPs to successfully plan and execute
the protocol. Ability to train field staff is re-
quired of the program lead. Formal training
in geology and groundwater hydrology is re-
quired to complete the analysis and report-
ing requirements of SOP #8.

Qualifications required of field personnel
include communication and interperson-
al skills needed to interact with park and
network staff, and physical ability to access
monitoring locations while transporting
equipment that may weigh up to 25 Ibs. and
to operate field instrumentation, such as wa-
ter-level sounders and cable reels. Ability to
(1) use the relevant computer software and
the equipment described in this protocol
and the various groundwater SOPs, and (2)
troubleshoot problems in the field and fol-
low safety guidelines are of paramount im-
portance. Field personnel must also be able
to download data when back in the office,
maintain and troubleshoot equipment, enter
data into the groundwater database correctly
and with minimal supervision, and commu-
nicate via verbal, digital, and written means.
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8 Operational Requirements

Operational requirements for implementa-
tion of this protocol include personnel; of-
fice space; tools, equipment, and instrumen-
tation for manual and automated water-level
monitoring; computers, servers, datasheets,
notebooks, and filing facilities for maintain-

ing and archiving the data; printing, facsim-
ile, copying, and scanning capabilities; tele-
phone and Internet service; transportation to
and from the monitoring sites; and comput-
ing and archiving facilities at network offices.

Protocol Narrative
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9 Revising the Protocol

This sampling protocol consists of a protocol
narrative and 10 standard operating proce-
dures (SOPs). The protocol narrative pro-
vides the history and justification for the pro-
gram and an overview of the approach and
methods used. The protocol narrative will be
revised only if major changes are made to the
protocol. The SOPs, in contrast, are specif-
ic, step-by-step instructions for performing
each task. They are expected to be revised
more frequently than the protocol narrative.

Careful documentation of such revisions,
including an archive of previous versions, is
essential for maintaining consistency in data
collection, analyses, and reporting. To sum-
marize changes, the monitoring database for
each component contains a field to identify
the protocol version used to gather and an-
alyze data. The steps for changing any aspect

of the protocol are outlined in SOP #10. The
narrative and each SOP contain a Revision
History Log that should be completed each
time the narrative or an SOP is revised. The
purpose of this log is to explain why chang-
es were made and to track document version
numbers. Former and active versions of the
protocol narrative and SOPs are stored on
separate drives on the network server.

The SWNC networks use a Master Version
Table and Version Key number (VK#) to
track which versions of the narrative and
SOPs are used in each version of the monitor-
ing protocol. The VK# is essential if project
information is to be properly analyzed and
interpreted. The protocol narrative, SOPs,
and data should never be distributed inde-
pendently of the Master Version Table.
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10 Program Review

A thorough analysis and review of the mon-
itoring protocol will be conducted every 10
years under the direction of the CHDN,
SODN, and SOPN program managers and
the regional I&M coordinator. This review
may include external experts and will focus
on the monitoring approach, methods, and
results obtained using the protocol, in much
the same manner as the initial external re-
view required of all NPS I&M protocols.

At the close of each field season, network
groundwater staff and cooperators will com-
plete a less-formal review of the protocol in
the context of the field season for the pur-
poses of evaluating operating procedures.
If significant concerns are identified, this in-
formal review may trigger a more formal in-
ternal or external review as described above,
at the discretion of the CHDN, SODN, and
SOPN program managers.
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Appendix A. Recommended Workplan for Implementing
Groundwater Monitoring in Southern Plains Network

Parks

The SWNC hydrologist and aquatic ecology
lead have developed the following workplan
recommended for implementing groundwa-
ter monitoring in Southern Plains Network
parks.

1. Develop an inventory of and metadata
for all wells at and near Bent’s Old Fort
NHS and Pecos NHP (including wells
already monitored by the USGS or the
states of Colorado or New Mexico). Col-
lect and archive any existing water levels
or water quality records at wells in or
near the parks by examining park files,
place an inquiry with Larry Martin at the
NPS WRD, search USGS websites for
groundwater data from the wells identi-
fied, and contact the USGS New Mexico
Water Science Center to inquire about
unpublished data.

2. Install and monitor logging pressure
transducers at selected monitoring wells
at Bent’s Old Fort NHS, and one at Pecos
NHP, for at least one year. Instrumented
wells will be monitored manually when
sensors are downloaded quarterly.

3. Identify any wells monitored by other
agencies that will provide information on
groundwater status at and in the immedi-
ate vicinity of network parks.

4. Collect quarterly manual groundwater
levels from monitoring locations, includ-
ing the instrumented monitoring wells at
Bent’s Old Fort NHS and Pecos NHP.

5. Develop “master” data spreadsheets for
the monitored wells as per the SWNC
groundwater protocol and incorporate
measurements as they become available.

6. Enter the monitored wells into the
SWNC groundwater database.

7. Create an implementation plan for Al-
ibates Flint Quarries NM, Chickasaw
NRA, Washita Battlefield NHS, Fort
Union NM, and Sand Creek Massacre
NHS.

Bent's Old Fort National Historic Site

Currently, four shallow wells are monitored
by manual and automated methods as per
the SWNC groundwater protocol. An initial
year of instrumentation (logging pressure
transducers) is underway to help under-
stand groundwater dynamics in the system.
After a year, the transducer data will be as-
sessed for correlation and the number of
transducers will be continued, or decreased,
and deployed elsewhere. The objectives of
groundwater monitoring at this park are to
understand groundwater dynamics via mea-
sured water levels as they impact the fort’s
subterranean resources, the source for the
Arch wetlands, and the dynamic relationship
between the water level in the Arkansas River
and adjacent groundwater levels.

Capulin Volcano National
Monument

A USGS index well located south of the park
is recommended for tracking via the NWIS
site (USGS 364444104000201). The park’s
water-supply well (USGS 364643103583701)
should be monitored semi-annually or at
least once per year on a relatively fixed
schedule following a no-pumping period of
at least 24 hours. Consolidation of metadata
and existing records by examination of park
files and a data request to the NPS-WRD is
recommended.

Chickasaw National Recreation Area

Prior to implementing a specific groundwater
monitoring plan, investigation into existing
data and NPS Water Rights Branch reports,
as well as ongoing monitoring, will be con-
ducted. Also, SOPN must determine exactly
what equipment the park already has in its
possession and what additional equipment
may be provided by the network. Two USGS
index wells are located in the park, USGS
343017096561501 01S-13E-01 ABA 1 CNRA
GW WELL 2 and USGS 343022096565701
01S-03W-01 BBB 1 CNRA GW WELL 1.
The North, South, East, and West wells in the
Travertine Creek area should be monitored
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on a schedule to be determined by available
park and network resources.

Fort Larned National Historic Site

No monitoring is in place or planned at
this time, although consolidation of exist-
ing records may improve our understand-
ing of regional groundwater dynamics. The
USGS monitors a well south of the park that
may be a source of surrogate data (USGS
381015099132702 22S 17W 05BBC 02).

Fort Union National Monument

Records indicate that the only well at this
park is a drinking-water production well for
the visitor center. If no other wells are avail-
able for monitoring, then manual monitoring
on a quarterly or semiannual basis following
a period of no-pumping of at least 24 hours
is recommended for this well. A review and
consolidation of well records in files at the
park and at the NPS-WRD is recommended.
SWNC staff will investigate opportunities for
groundwater monitoring at the park and as-
sess the feasibility of monitoring at this site.

Lake Meredith National Recreation
Area/Alibates Flint Quarries
National Monument

No monitoring is planned at this time, al-
though consolidation of existing records may
improve understanding of regional ground-
water dynamics.

Lyndon B. Johnson National
Historical Park

No monitoring is planned at this time, al-
though consolidation of existing records
may improve our understanding of regional
groundwater dynamics.

Pecos National Historical Park

The park includes a total of 10 wells (NPS-
WRD 1995). It is recommended that the
trading post well be monitored with a sound-
ing tape at least quarterly. Deployment of a
logging transducer at this well is under con-
sideration. SWNC staff will assess the value
of monitoring other park wells and develop a
work plan for monitoring,

Sand Creek Massacre National
Historic Site

An extensive network of piezometers was in-
stalled in the riparian zone during previous
studies (Martin 2006). Deeper wells are not
known to exist. The existing well infrastruc-
ture and the proximity of this site to Bent’s
Old Fort NHS make it logistically possible to
include this park in monitoring operations.
We recommend that the well infrastructure
be assessed to measure whether it could meet
the protocol objectives and whether it would
be feasible to incorporate this park into fu-
ture work plans.

Washita Battlefield National Historic
Site

During water year 2013, it was recommend-
ed that the existing well infrastructure be as-
sessed at this site. Several unused agricultural
and monitoring wells (Marston and Halihan
2007) are present at this site and would be ex-
cellent choices for further monitoring. Since
SWNC staff would not be able to visit this site
at a frequency that would fulfill the objec-
tives of this protocol, SWNC staff will need
to work with staff from this park (or possibly
Chickasaw NRA) to ensure timely monitor-
ing and quality data. It is recommended that
the SWNC pay for one pay-period of park
(or Chickasaw NRA) staff time to ensure that
monitoring tasks would be completed in ful-
fillment of groundwater monitoring protocol
objectives. The SOPN water quality monitor-
ing account would incur this expense.
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Appendix B. Locations of Wells Monitored in and Near Sonoran Desert
Network Parks, and at Guadalupe Mountains National Park

Maps start next page
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Figure B-2. Groundwater monitoring wells in Chiricahua National Monument.
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Figure B-4. Groundwater monitoring wells in Fort Bowie National Historic Site.
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Figure B-6. Groundwater monitoring wells near Montezuma Castle National Monument (Well unit).
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Figure B-7. Groundwater monitoring wells in Organ Pipe Cactus National Monument.
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Figure B-8. Groundwater monitoring wells in Saguaro National Park (East).
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Figure B-9. Groundwater monitoring wells in Saguaro National Park (West).
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Figure B-10. Groundwater monitoring wells in Tumacacori National Historical Park.

AppendixB 53



Sonoran Desert Network National Park Service

Arizona and New Mexico U.S. Department of the Interior

Groundwater Monitoring Near Tuzigoot National Monument

A-16-03 22DCD

Legend

Monitored well

b Well

TTTIER
o

|J_-,> Visitor center

= Road =

————— Trail

J i@ A-16-03 36CDC
Park boundary w{ e W
¢ Produced by S Desert N o
0 -3 1 1.5 2 4 N e/ N = My 201
il %ﬁ%fﬂ(—]/ﬁ 4\T§) \T—} Copyright® 2013 Esfi

Figure B-11 Groundwater monitoring wells near Tuzigoot National Monument.
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This Standard Operating Procedure (SOP) summarizes elements of inventories, metadata, files, and field

folders that will be developed and maintained for wells within each network park. These materials will be

developed and maintained under the direction of the groundwater program lead.

Because access to groundwater is required to monitor water levels, an inventory of wells in each network

park and identification of nearby wells monitored by other agencies should be the initial effort when
implementing this protocol. These inventories will provide basic information about each well within park
boundaries and selected wells of special value outside park boundaries.

Well metadata consist of specific information elements describing physical and jurisdictional

characteristics and monitoring status of wells within a park, as well as selected wells outside the park, in

some cases. The primary purposes of well metadata are to provide a central location for basic information

about park groundwater resources, to document monitoring conditions, and to facilitate interagency data

sharing. An Excel workbook template with examples is provided to facilitate digital archiving of metadata
in a format that will facilitate importation into an Access-style database.
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The well file refers to physical and digital collections of documents, records, and pertinent information
developed for each well identified in the inventory. The well files are developed, stored, and archived at
the respective network locations.

Field folders are physical folders that include selected elements of the well file and a summary list of
recent data that are useful when working at the site.

Because groundwater protocol goals do not explicitly include water quality, the elements identified in this
SOP were not developed to accommodate the needs of a groundwater quality program. However, when
water quality data are available from a well included in the program, these data should be included in the
well file and be so noted in the metadata for that location.

Well Inventory

The well inventory should be completed as an effort coordinated with park resources and facility staff.
Older wells that are not included in the public records of state or federal databases are frequently present
within park boundaries. Other primary sources of data are state and federal online databases that can be
queried by location to identify all wells that fall within specified boundaries. The primary federal
groundwater database is the National Water Information System, maintained by the U.S. Geological
Survey (USGS) at http://waterdata.usgs.gov/nwis. In addition, contacting local or state-level USGS water
science centers with a direct inquiry about records held by that agency but not available in public
databases is highly recommended. A list of state water agencies with links to websites is included as
Appendix A of this document.

During the inventory process, records of historical groundwater level or groundwater quality for wells
within park boundaries, or nearby wells with special value, such as those monitored by the USGS or state
groundwater programs, should be archived in digital or physical well files for each location.

The inventory is completed by providing as much data as is possible for each well within park boundaries
in the well metadata spreadsheet for each park. A key product of this inventory will be knowledge of the
locations of all wells within the park, together with the metadata information for each well at each park.
As much metadata as possible should be included for all wells inside park boundaries. If a site visit is
made, close-up and area-wide photographs of the location of each well should be obtained, together with
as much physical metadata as possible.

The well inventory should also include information about wells monitored by other agencies and located
within a “reasonable distance” outside park boundaries. The reasonable distance will vary based on the
hydrogeologic setting, but would not be expected to exceed a couple of miles. Groundwater monitoring
may be conducted by local potable water suppliers, irrigation districts, counties, states, or other federal
agencies (such as the USGS). Information for wells monitored by other agencies should be provided with
a notation that the well is located outside the park but is potentially valuable for the interpretation of water
levels within the park or, depending on distance and hydrogeologic conditions, as a surrogate representing
groundwater levels within the park.
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A final element of the well inventory is labeling each well once it has been definitively identified.
Labeling with at least the state registration number is recommended, but naming may vary across parks
according to park naming conventions. As long as names and accurate geospatial coordinates for each
well are recorded together as metadata, the particular naming convention used is less important, but the
changing of names used for any given well is strongly discouraged, as this practice inevitably leads to
confusion. Names and registration numbers may be written on each well in permanent marker, and the
state registration number marked on a metal tag attached to the well (Figure 1). Information written with
permanent marker will require periodic re-marking as the marker fades or flakes off.

Figure 1. Example of well identification labeling with marker and metal tag.

Well Metadata

The metadata elements included here were selected in conjunction with guidance provided in the Federal
Advisory Committee on Water Information Subcommittee on Ground Water (ACWI-SGW) Appendix 6
(ACWI-SGW June 2009) as proposed minimum data elements for reporting of groundwater monitoring
data. Maintaining consistency with this guidance, which provides a common set of data elements and
language, will facilitate participation in federal data exchange programs as described in ACWI-SGW
(2009). Other ongoing data-sharing efforts include the Western States Water Council’s Water Data
Exchange (WaDE) and the Exchange Network Leadership Council (ENLC 2010). Additional metadata
elements deemed specific to National Park Service needs are also included.

Well metadata consists of a list of information to be compiled, to the fullest extent possible, for each well
site and updated as changes are made in use or physical characteristics. Well metadata shall be recorded
in Excel spreadsheet forms (one page per park). When populated, the spreadsheets may be imported to the
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groundwater database. The metadata elements selected for inclusion in this protocol are listed in Tables
B1-B6 (Appendix B), with descriptions or examples of the information requested. These tables include
the following types of data:

Table 1.  Location of Archived data (source of data)

Table 2.  Legal Ownership

Table 3. Well identification and monitoring status (formal and informal well designations)
Table 4.  Hydrogeologic setting

Table 5.  Well location (horizontal and vertical data)

Table 6.  Well characteristics (construction, monitoring and water quality availability)

Definitions for the data elements are provided in the tables, together with links to internet locations where
certain types of data may be located. The metadata for each network are maintained in separate Excel
workbooks, filed with nonspatial well file data according the each network’s data management system,
and named following the convention: XXXX_Groundwater_Metadata_Master.xlsx, where XXXX is the
respective network acronym.

Each of the metadata workbooks has a Well Metadata Template worksheet (Appendix C), which should
be copied and renamed for each park in the network. Metadata for the wells associated with each park are
populated together on a single worksheet. If needed, a printout of the data elements from the workbook
template may be used in the field. Alternatively, Cunningham and Schalk (2011) provide a datasheet in
section GWPD 2 that may facilitate some aspects of data collection related to site conditions. Use of these
datasheets is optional, as long as the required metadata are collected and input to the metadata workbook.

Provisions for importing well metadata into the groundwater database will be made at a future date in
coordination with the network data managers.

Well Files

Contents of the well file and field folders are modeled after the system described in Lapham and others
(1997) and Cunningham and Schalk (2011). The purpose of well files is to provide supporting
documentation of site information for current and future reference.

1. The well file consists of both paper and electronic materials. Documentation shall be archived in
digital and hardcopy format in the groundwater directory (and respective file cabinet) under the
appropriate directory, organized by park and then by well. The following items should be included
in the well file:

Checklist of well file metadata elements

Well location description and map

Site sketch showing well location

Sketch and description of measuring point (update as needed)

Well construction details

Geologic log

Driller’s records/Permit documents

Description of land use and land cover in the vicinity of the well

Description of site selection process and criteria (if monitored)

Site visit log (updated following each site visit)

—mSe@meoooTe
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Copies of water-level datasheets
Summary list of water level data from this well
. Aguifer or pumping test data or reports
Water quality data
Photographs of well and vicinity (with measuring points identified)
Any reports or similar documents relating to this well
Any agreements or permissions relating to this well

LT o537 X

2. Additional details regarding the information to be included in the documents listed above may be
found in Lapham and others (1997) and Cunningham and Schalk (2011).

Field Folder

The field folder is a physical folder that includes selected materials from the well file that support field
work at the site. The field folders are developed to facilitate consistent and efficient groundwater
monitoring as staff changes occur. Prior to each site visit, the field folders shall be reviewed with
particular attention to notes from the previous site visit and recent water levels. Staff not fully
experienced with a monitoring location should take the field folders into the field with them. The field
folder for each well included in the groundwater monitoring program shall be updated with measurement
data and site visit log notes following each site visit.

Elements of the field folder:

Groundwater monitoring safety procedures

Well location description, map, and site sketch

Photograph of well with measuring point and elevation datum marked

Description of measuring point

Well elevation and measuring point stickup

Directions for gaining access to the site and the well (park contacts, keys needed, lock

combinations)

g. Copies of field measurement data sheets stapled to a completed water-level correction
and elevation data sheet for each field data sheet (see SOP GW-3)

h. Summary list of measured water levels

i. Site visit log

j-  Copy of instrumentation installation datasheet if applicable

hD OO0 o

Field folders shall be stored in a fireproof filing cabinet together with folders from other wells in the same
park.
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Appendix A. State Water Management Agencies

Table A-1. State water management agencies for Arizona, Colorado, Kansas, New Mexico, Oklahoma, and Texas.

Arizona Department of Water Resources

Arizona . . .
Arizona Department of Environmental Quality

Colorado Division of Water Resources

Colorado Water Conservation Board

Colorado Colorado Department of Public Health and Environment

Colorado Department of Natural Resources

Colorado Department of Public Health and Environment, Water Quality Control Division

Kansas Department of Agriculture

Kansas Department of Agriculture, Division of Water Resources

Kansas .
Kansas Department of Health and Environment

Kansas Water Office

New Mexico Office of the State Engineer

New Mexico ] ]
New Mexico Environment Department

Oklahoma Department of Environmental Quality

Oklahoma Oklahoma Department of Environmental Quality, Water Quality Division

Oklahoma Water Resources Board

Texas Water Development Board

Texas State of Texas

Texas Commission on Environmental Quality

Source: http://www.westgov.org/wswc/links.html
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Table B-1. Data archive metadata.

1.0 Source of data

Data Archive Information

1.1 Data Archive Agency

Organization that maintains the primary data archive

1.2 Point of Contact

Name of primary contact person within organization where data is archived

1.3 Mailing Address

Exact address where mail is intended to be delivered, including street, rural route and./or PO Box

1.4 City, Town, Village Name

City where organization that collected information resides

1.5 State

State

1.6 Mailing Address ZIP Code/ Postal Code

5-digit Zone Improvement Plan (ZIP) code and 4-digit extension code (if available)

1.7 Telephone Number

Telephone number (including area code) of the person who is the point of contact for the organization where the data are archived

1.8 Electronic Mail Address/ Link to web site

Electronic Mail Address (email) of the contact person at the archiving organization or primary organization web address

Table B-2. Well legal owner metadata.

2.0 Well Legal Owner

Legal Owner Name

2.1 Owner Address

Owner Mailing Address (Note-this is the owner address, not the well address)

2.2 Owner City or Town

Owner City or Town

2.3 State

Owner State

2.4 County Where Well is Located

County where well is located

2.5 Mailing Address ZIP Code/ Postal Code

Owner Mailing Address Postal Code

2.6 Electronic Mail Address/ Link to Well Owner's Web Site Electronic contact data

2.7 Standard Time Zone

Standard Time Zone where well is located

2.8 National Park Service Region
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Table B-3. Well identification metadata.

3.0 Common Name Common name by which the well is typically referenced by park staff and in records

3.1 Site Identification/ Description/ Notes Notes relating to where site is located, access, information relevant to monitoring or interpretation of data

3.2 Legal Location Township-Range-Section 1/4 1/4 1/4 Public Land Survey System (PLSS) Location

3.3 State Identifier Unique state well registration number

3.4 USGS Descriptor

Unique site identifier consisting of latitude (DDMMSS), longitude (DDDMMSS), and sequence number (NN)

(DDMMSSDDDMMSSNN)
3.5 Well Legal Owner Provides a link to Table 2 above
3.6 Monitored By Name of organization conducting monitoring
3.7 Data Archived by Provides a link to Table 1 above: Primary organization archiving data

Table B-4. Description of hydrogeologic setting.

4.0 Geologic/ Hydrologic Description

Section separator-leave blank

4.1 Hydrologic Basin - Surface Water (HUC-12) http://nhd.usgs.gov/

HUC-12 Surface water basin within which well is located

4.2 Groundwater Basin/ Sub-basin http://www.azwater.gov/azdwr/;
http://www.ose.state.nm.us/water_info_groundwater_basin.html;
http://www.twdb.state.tx.us/groundwater/

Groundwater basin and subbasin if applicable within which the well is located

4.3 Geologic unit(s) containing aquifer (Aquifer lithology)

aquifer lithology if known, otherwise, unknown

4.4 Aquifer tapped (Principal aquifer) http://water.usgs.gov/ogw/NatlAqCode-
reflist.html

principal aquifer if applicable

4.5 Local aquifer name (if applicable)

4.6 Aquifer type http://water.usgs.gov/ogw/NatlAgCode-reflist.html

Sand and gravel aquifers/ Sandstone aquifer/ Carbonate-rock aquifer/ Sandstone and carbonate-
rock aquifer/ Igneous and metamorphic-rock aquifer/ not an aquifer/ unknown

4.7 Aquifer conditions (1) confined; (2) unconfined or leaky confined; (3) unknown

4.8 Topographic Setting

alluvial fan; playa; stream channel; depression; dunes; flat; floodplain; hilltop; sinkhole; lake or
swamp; mangrove swamp; offshore; pediment; terrace; undulating; upland draw

4.9 Source of area climatic data

Readily available source of climatic data suitable for use in interpretation of groundwater data
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Table B-5. Well location metadata.

5.0 Well Location

Section separator-leave blank; Include units for all quantitative entries in the following section; Enter at least one form
of horizontal location (Three options provided)

5.1 Horizontal Location (UTM or Latitude-Longitude DMS or
Latitude-Longitude Decimal)

Enter either UTM (5.1.x) or Latitude-Longitude degree minute second (DMS) (5.2.x) or Latitude-Longitude Decimal
(5.3x)

5.1.1a UTM Zone

The 5.1.1x section is for UTM coordinates

5.1.1b UTM East X Coordinate

5.1.1c UTM North Y Coordinate

5.1.1d Horizontal Reference Datum UTM

5.1.1e Horizontal Location Accuracy UTM (units)

5.1.1f Horizontal Location Collection Method UTM

5.1.2a Latitude (DMS)

The 5.1.2a section is for latitude coordinates in degrees minutes seconds (leave a space between each)

5.1.2b Longitude (DMS)

The 5.1.2b section is for longitude coordinates in degrees minutes seconds (leave a space between each)

5.1.2c Horizontal Reference Datum Lat-Long (DMS)

5.1.2d Horizontal Location Accuracy Lat-Long (DMS) (units)

5.1.2e Location Collection Method Lat-Long (DMS)

5.1.3a Latitude (Decimal)

the 5.1.3a section is for latitude coordinates in decimal degrees

5.1.3b Longitude (Decimal)

the 5.1.3b section is for longitude coordinates in decimal degrees

5.1.3c Horizontal Reference Datum Lat-Long (Decimal)

5.1.3d Horizontal Location Accuracy Lat-Long (Decimal) (units)

5.1.3e Location Collection Method Lat-Long (Decimal)

5.2 Vertical Location

Section separator-leave blank. Provide the best available information relating to altitude of wellhead in the following
spaces.

5.2a Altitude of Land Surface at Wellhead (units, amsl)

5.2b Altitude measurement method

5.2c Altitude of land surface above or below datum (units)

5.2d Altitude accuracy (units)

5.2e Vertical Reference Datum (units)
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Table B-6. Well physical characteristics and water quality availability metadata.

6.0 Well Characteristics

Section separator - leave blank

6.1 Source of Well Completion Data

Source of well construction and completion data

6.2 Depth of Well (units)

Drilled total depth of borehole

6.3 Casing depth of well (units)

Depth of casing

6.4 Casing Diameter (units)

diameter of casing

6.5 Top of screened or open hole (rtd) (depth to top of each open interval) (units)

6.6 Bottom of screened or open hole (rtd) (depth to bottom of each open interval)(units)

6.7 Casing material(s), if there is a casing

PVC, steel, stainless steel, combination, etc.

6.8 Screen material type(s) at each open interval(s), if the well has well screen(s)

Include screen opening size if known

6.9 Well purpose or use

Primary use of the well (provide start and end dates as changes occur)

6.10 Well Log available (citation)

Yes/No; indicate source information if yes

6.11 Water Quality data exist (Yes/No/Location)

Yes/No; indicate source information if yes

6.12 Description of Measurement Reference Point

Verbal description of measuring point

6.13 Measurement Reference point height (Measuring point elevation relative to datum) (units)

Identify the datum and the measuring point height above that

6.14 Measuring Point Accuracy of Measurement (units)
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Appendix C. Well Metadata Template Worksheet

1.0 Source of data

Data Archive Information

1.1 Data Archive Agency

Organization that maintains the primary data archive

1.2 Point of Contact

Name of primary contact person within organization where data is archived

1.3 Mailing Address

Exact address where mail is intended to be delivered, including street, rural route and./or PO Box

1.4 City, Town, Village Name

City where organization that collected information resides

1.5 State

State

1.6 Mailing Address ZIP Code/ Postal Code

5-digit Zone Improvement Plan (ZIP) code and 4-digit extension code (if available)

1.7 Telephone Number

Telephone number (including area code) of the person who is the point of contact for the organization where the
data are archived

1.8 Electronic Mail Address/ Link to web site

Electronic Mail Address (email) of the contact person at the archiving organization or primary organization web
address

2.0 Well Legal Owner

Legal Owner Name

2.1 Owner Address

Owner Mailing Address (Note-this is the owner address, not the well address)

2.2 Owner City or Town

Owner City or Town

2.3 State

Owner State

2.4 County Where Well is Located

County where well is located

2.5 Mailing Address ZIP Code/ Postal Code

Owner Mailing Address Postal Code

2.6 Electronic Mail Address/ Link to Well Owner's Web Site

Electronic contact data

2.7 Standard Time Zone

Standard Time Zone where well is located

2.8 National Park Service Region
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Appendix C. Well Metadata Template Worksheet, cont.

3.0 Common Name Common name by which the well is typically referenced by park staff and in records

3.1 Site Identification/ Description/ Notes Notes relating to where site is located, access, information relevant to monitoring or interpretation of data
3.2 Legal Location Township-Range-Section 1/4 1/4 1/4 Public Land Survey System (PLSS) Location

3.3 State Identifier Unique state well registration number

. Unique site identifier consisting of latitude (DDMMSS), longitude (DDDMMSS), and sequence number (NN)
3.4 USGS Descriptor

(DDMMSSDDDMMSSNN)
3.5 Well Legal Owner Provides a link to Table 2 above
3.6 Monitored By Name of organization conducting monitoring
3.7 Data Archived by Provides a link to Table 1 above: Primary organization archiving data
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Appendix C. Well Metadata Template Worksheet, cont.

4.0 Geologic/ Hydrologic Description Section separator-leave blank

4.1 Hydrologic Basin - Surface Water (HUC-12)

HUC-12 Surface water basin within which well is located
http://nhd.usgs.gov/

4.2 Groundwater Basin/ Sub-basin
http://www.azwater.gov/azdwr/; . . . o ) .
. ) Groundwater basin and subbasin if applicable within which the well is located
http://www.ose.state.nm.us/water_info_groundwater_basin.html;

http://www.twdb.state.tx.us/groundwater/

4.3 Geologic unit(s) containing aquifer (Aquifer lithology) aquifer lithology if known, otherwise, unknown

4.4 Aquifer tapped (Principal aquifer) . e . .
. principal aquifer if applicable
http://water.usgs.gov/ogw/NatlAqCode-reflist.html

4.5 Local aquifer name (if applicable)

4.6 Aquifer type http://water.usgs.gov/ogw/NatlAgCode- Sand and gravel aquifers/ Sandstone aquifer/ Carbonate-rock aquifer/ Sandstone and carbonate-rock aquifer/
reflist.html Igneous and metamorphic-rock aquifer/ not an aquifer/ unknown

4.7 Aquifer conditions (1) confined; (2) unconfined or leaky
confined; (3) unknown

e e Gt alluvial fan; playa; stream channel; depression; dunes; flat; floodplain; hilltop; sinkhole; lake or swamp; mangrove
.8 Topographic Settin
R = swamp; offshore; pediment; terrace; undulating; upland draw

4.9 Source of area climatic data Readily available source of climatic data suitable for use in interpretation of groundwater data
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Appendix C. Well Metadata Template Worksheet, cont.

5.0 Well Location

Section separator-leave blank; Include units for all quantitative entries in the following section; Enter at least one
form of horizontal location (Three options provided)

5.1 Horizontal Location (UTM or Latitude-Longitude DMS or
Latitude-Longitude Decimal)

Enter either UTM (5.1.x) or Latitude-Longitude degree minute second (DMS) (5.2.x) or Latitude-Longitude Decimal
(5.3x)

5.1.1a UTM Zone

The 5.1.1x section is for UTM coordinates

5.1.1b UTM East X Coordinate

5.1.1c UTM North Y Coordinate

5.1.1d Horizontal Reference Datum UTM

5.1.1e Horizontal Location Accuracy UTM (units)

5.1.1f Horizontal Location Collection Method UTM

5.1.2a Latitude (DMS)

The 5.1.2a section is for latitude coordinates in degrees minutes seconds (leave a space between each)

5.1.2b Longitude (DMS)

The 5.1.2b section is for longitude coordinates in degrees minutes seconds (leave a space between each)

5.1.2c Horizontal Reference Datum Lat-Long (DMS)

5.1.2d Horizontal Location Accuracy Lat-Long (DMS) (units)

5.1.2e Location Collection Method Lat-Long (DMS)

5.1.3a Latitude (Decimal)

the 5.1.3a section is for latitude coordinates in decimal degrees

5.1.3b Longitude (Decimal)

the 5.1.3b section is for longitude coordinates in decimal degrees

5.1.3c Horizontal Reference Datum Lat-Long (Decimal)

5.1.3d Horizontal Location Accuracy Lat-Long (Decimal) (units)

5.1.3e Location Collection Method Lat-Long (Decimal)

5.2 Vertical Location

Section separator-leave blank. Provide the best available information relating to altitude of wellhead in the
following spaces.

5.2a Altitude of Land Surface at Wellhead (units, amsl)

5.2b Altitude measurement method

5.2c Altitude of land surface above or below datum (units)

5.2d Altitude accuracy (units)

5.2e Vertical Reference Datum (units)
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Appendix C. Well Metadata Template Worksheet, cont.

6.0 Well Characteristics

Section separator - leave blank

6.1 Source of Well Completion Data

Source of well construction and completion data

6.2 Depth of Well (units)

Drilled total depth of borehole

6.3 Casing depth of well (units)

Depth of casing

6.4 Casing Diameter (units)

diameter of casing

6.5 Top of screened or open hole (rtd) (depth to top of each open
interval) (units)

6.6 Bottom of screened or open hole (rtd) (depth to bottom of
each open interval)(units)

6.7 Casing material(s), if there is a casing

PVC, steel, stainless steel, combination, etc.

6.8 Screen material type(s) at each open interval(s), if the well has
well screen(s)

Include screen opening size if known

6.9 Well purpose or use

Primary use of the well (provide start and end dates as changes occur)

6.10 Well Log available (citation)

Yes/No; indicate source information if yes

6.11 Water Quality data exist (Yes/No/Location)

Yes/No; indicate source information if yes

6.12 Description of Measurement Reference Point

Verbal description of measuring point

6.13 Measurement Reference point height (Measuring point
elevation relative to datum) (units)

Identify the datum and the measuring point height above that

6.14 Measuring Point Accuracy of Measurement (units)
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Sonoran Desert, Chihuahuan Desert, and Southern Plains Networks

Groundwater Monitoring Protocol

SOP #2: Preparation for Fieldwork

Version 1.00
(July 2009)
Revision History Log
Prev_lous Revision Author Changes made Section and Reason for change New
Version # date

paragraph Version #

1 Preparation for fieldwork

This standard operating procedure (SOP) explains the procedures for preparing to measure depth to water in wells
and preparing to download continuously recorded water-level data from previously installed hardware in wells.
Preparation for fieldwork includes training staff, assembling and calibration of equipment, and reviewing plans
for the specific work that will be conducted.

A key element of training staff in preparation for measuring groundwater levels is developing an understanding
and appreciation for the importance of the data to be collected. To this end, all staff working with this protocol are
encouraged to read Ground-Water-Level Monitoring and the Importance of Long-Term Water-Level Data (Taylor
and Alley 2001). This document is available on the internet at http://pubs.usgs.gov/circ/circ1217/ or can be found
in the Groundwater folder under Resources.

An additional key resource for groundwater monitoring techniques and methods is “Groundwater Technical
Procedures of the U.S. Geological Survey” (Cunningham and Schalk 2011). This publication may be accessed at
http://pubs.usgs.gov/tm/1al/.

2 Training
All staff making manual water-level measurements should review this and all related SOPs at least once at the
start of each field season. Prior to taking manual water-level measurements, all staff new to this protocol should
review all relevant SOPs and associated reference materials and accompany experienced staff to the field to

observe and practice the techniques at least once, followed by a second session in which data will be collected
under supervision, prior to working alone.





Downloading, field-checking, and maintaining recording water-level instrumentation (sensors) requires field
training specific to the hardware following an overview provided in the office by a staff member experienced with
the equipment. Training staff to maintain and download data from continuous-recording pressure transducers
requires both (1) study of the relevant manuals and SOPs and (2) on-the-ground training by someone experienced
in the specific hardware in use. All staff conducting downloading and maintenance of instrumentation should
review the applicable SOP for each type of hardware at least once annually at the start of the field season.

3 Equipment and Supplies

Refer to park-specific well lists in the park groundwater folders. A general list is provided below.

e Groundwater protocol and supporting documentation (includes datasheets, SOPs, and “Groundwater
Technical Procedures of the U.S. Geological Survey™)

e Park groundwater field folder and bound notebook, including
o0 Field folder(s) for the well(s) to be visited (see SOP GW-1)
0 Blank depth-to-water data sheets (see SOP GW-3)
e Clean and disinfected sounder(s); refer to field folder(s) to determine length needed
o Clean and disinfected empty cable reel securely fitted with locked carabiner
o Steel reference tape for calibrating electric sounders annually
e Groundwater tool bag
0 Waterproof pen & data sheet, permanent marker
Slip joint pliers or channel lock pliers
Screwdrivers, assorted fixed-size wrenches
Lock lubricant (triflow) and food-grade O-ring grease
Clean cloth
Tape measure
Batteries (9-volt)
Flashlight, batteries
Small mirror
Field gloves
0 Clean plastic bags (large)
e Field sounder cleaning equipment and supplies (see SOP GW-4)
e GPS unit (optional)
0 Camera (optional)

O OO O oo o oo

Equipment and supplies needed for downloading and maintaining monitoring instrumentation (pressure sensors)
are provided in SOP GW-6.

4 Logistical Preparation

4.1 Where to measure

Groundwater protocol narrative Table 1-1 indicates the wells that are identified for monitoring within the Sonoran
Desert Network. Table 1-2 in that document lists some of the wells identified for monitoring in the Chihuahuan
Desert Network. Additional locations for monitoring are under for the Chihuahuan Desert and Southern Plains
networks. Materials provided in the respective well folders summarize locations and measuring points. In SODN
parks, network staff conducts field-data collection at Coronado National Memorial, Saguaro National Park
(Tucson Mountain District), and Fort Bowie National Historic Site.
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Tables 1-1 and 1-2 also indicate which entity conducts the primary fieldwork at each well. Wells located at Organ
Pipe Cactus NM, Chiricahua NM, and Saguaro NP (Rincon Mountain District) are monitored by park staff. In
CHDN, park staff monitors wells located in Big Bend NP and Guadalupe Mountains NP.

4.2 When to measure

Where network staff will be conducting monitoring, groundwater depth-to-water measurements are obtained on a
quarterly schedule. Target months for manual water-level monitoring by network staff are October, January,
April, and July. Due to the use of recording water-level sensors, field-visit dates are flexible.

4.3 Staff and time requirements

As a rule, a single person can perform the tasks associated with groundwater monitoring. In some locations, safety
considerations may require additional staff. Manual depth-to-water monitoring may normally be completed within
about one-half hour per well after the staff person(s) arrives at the well. When the location includes
instrumentation that must be downloaded and/or serviced, the time required may be as much as one hour or more
per well, depending on the work planned. As a rule, the majority of staff time for groundwater monitoring
fieldwork is associated with traveling to and from the parks.

4.4 Trip-specific preparation

It is important that these preparatory steps be taken to ensure safe and successful field measurements at parks
where network staff collect the data.

One week ahead:

e Request authorization for groundwater monitoring site visit/schedule with park contact

e Arrange key pick-up from park staff as needed (refer to the groundwater folders for park-specific
information).

e Review the Operational Leadership GAR safety plan for the park and follow all procedures (see
Appendix A for example).

e Check sounder(s) to verify that they have been cleaned and disinfected since last use and are operational;
complete cleaning, disinfection, or repair as needed.

e Sign out a vehicle and a laptop/notebook/digital data entry device as needed
One day prior to fieldwork

o Verify that sounder batteries are charged by pressing the “battery test” button on the sounder(s) you will
use—if the sounder does not beep loudly, change the battery.

o Verify that spare batteries for the sounder and downloader in good state of charge are in the field kit
o Recharge camera battery as needed, check flash card for storage

o Review the well folders

e Check the weather report and plan accordingly

o Review notes from previous trip in park groundwater folder

o Assemble all equipment and supplies

4.5 Well hygiene

There is potential for cross-contamination between wells when the same sounder is used repeatedly at different
locations. Some wells in the network are known to be affected by undesirable bacteria. Well hygiene objectives





are intended to minimize potential for biological and abiological cross-contamination between wells, both within
and between parks. Key elements of a modified aseptic technique for water level monitoring include:

e Sounder must be thoroughly cleaned and disinfected between park visits using procedures
documented in SOP GW-4
e Cleaned sounders must be stored and transported in clean environments

e Between uses during a site visit, sounder should be disinfected using field procedures described
in SOP GW-4

5 Safety Considerations

Staff safety must always be a top priority. Established safety procedures have been implemented at each network
and must be followed and reviewed regularly (CHDN, 2013; SOPN, 2012; SODN, 2012). Use common sense in
planning field efforts. Develop, review, and follow the Operational Leadership GAR procedures for travel and
groundwater monitoring at each park (see Appendix A). Check weather reports for anticipated conditions at the
field location and plan accordingly.

Lightning is a common occurrence in the Sonoran and Chihuahuan deserts and the southern plains, particularly in
the summertime. Working at and around water and wells when lightning is in the vicinity is extremely dangerous
and should not be attempted under any circumstances. Heat is a threat during the summertime, and windy
conditions can create hazardous working conditions. All field staff should receive basic first-aid training and be
aware of the signs of heat stroke and heat exhaustion. Bees, snakes, scorpions, biting ants, cacti, spiders, and
chiggers are some types of environmental hazards that may be present en route to or at well locations. Field
workers should plan ahead and be prepared for encounters with these and other hazards, including carrying and
using personal protective equipment.

6 Calibration of Electric Water-Level Sounders and Steel Tapes

Water-level (electric) sounders and (steel) tapes are the fundamental data-collection instruments used in the
groundwater protocol. Calibration of these tools on an annual basis is required for the quality assurance and
quality control of depth-to-water groundwater-level measurements. Calibration of sounders and tapes will be
conducted according to the BASIC method described in the internal U.S. Geological Survey document, “Methods
for calibration of graduated steel and electric tapes for measuring water levels” (AWSC 2010). The document
with the procedures for this method is included with this SOP as Appendix B. Measurement of sounders under a
fixed gentle tension is recommended. This may be accomplished by securing one end with a clamp attached to a
hanging-type scale—for example, the Chatillon mechanical hanging scale (Grainger Item # 3JKR3, GSA price
$109 in 2014). Calibration data for each tape will be recorded on the Water Level Sounder Calibration Data
Record data sheet.
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Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN- -RED)

To compute the total level of risk for each hazard identified below, assign a risk code of O (For No Risk) through 10 (For Maximum
Risk) to each of the six elements. This is your personal estimate of the risk. Add the risk scores to come up with a Total Risk
Score for each hazard.

SUPERVISION

Supervisory Control should consider if supervision is present, how qualified the supervisor is, and is supervision taking place. Even if a team
member is qualified to perform a task, supervision acts as a control to further minimize risk. The higher the risk, the more the supervisor needs
to be focused on observing and checking. A supervisor who is actively involved in a task (doing something), can be easily distracted and should
not be considered an effective safety observer in moderate to high risk situations.

PLANNING
Planning and preparation should consider how much information you have, how clear it is, how much time you have to plan the evolution or
evaluate the situation, and the presence of Standard Operating Procedures or Pre-Plans.

TEAM SELECTION
Team selection should consider the qualifications and experience level of the individuals used for the specific event/evolution. Individuals may
need to be replaced during the vent/evolution and the experience level of the new team members should be assessed.

TEAM FITNESS

Team fitness should consider the physical and mental state of the crew. This is a function of the amount and quality of rest a crewmember has
had. Quality of rest should consider how the ship rides, its habitability, potential sleep length, and any interruptions. Fatigue normally becomes a
factor after 18 hours without rest; however, lack of quality sleep builds a deficit that worsens the effects of fatigue.

COMMUNICATION
Communication should include physical (dispatch present, effective repeaters) communication and an assessment of personal communication
among team members (assertiveness, climate that values input, high degree of accountability) and the presence of briefs and debriefs.

CONTINGENCY RESOURCES
Contingency Resources refer to readily available trained assets, and whether there is an established agreement and SOP with the cooperating agency (i.e. local
law enforcement agencies, fire departments, ambulance, military units, etc.).

ENVIRONMENT

Environment should consider factors affecting personnel performance as well as the performance of the asset or resource. This includes, but is
not limited to, time of day, temperature, humidity, precipitation, wind and sea conditions, proximity of aerial/navigational hazards and other
exposures (e.g., oxygen deficiency, toxic chemicals, and/or injury from falls and sharp objects).

EVENT or EVOLUTION COMPLEXITY

Event/Evolution complexity should consider both the required time and the situation. Generally, the longer one is exposed to a hazard, the
greater are the risks. However, each circumstance is unique. For example, more iterations of an evolution can increase the opportunity for a loss
to occur, but may have the positive effect of improving the proficiency of the team, thus possibly decreasing the chance of error. This would
depend upon the experience level of the team. The situation includes considering how long the environmental conditions will remain stable and
the complexity of the work. Assign a risk code of 0 (For No Risk) through 10 (For Maximum Risk) to each of the six elements below.

Supervision 3
Planning 1
Team Selection 2
Team Fitness 2

Contingency Resources

Communication

Environment 3
Event/Evolution Complexity 3
Total Risk Score 18

The mission risk can be visualized using the colors of a traffic light. If the total risk value falls in the GREEN ZONE (1-23), risk is
rated as low. If the total risk value falls in the AMBER ZONE (24-44), risk is moderate and you should consider adopting
procedures to minimize the risk. If the total value falls in the RED ZONE (45-60), you should implement measures to reduce the
risk prior to starting the event or evolution.
GAR Evaluation Scale
Color Coding the Level 0f Risk
0 23 44 60
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Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN- -RED)

30 40 50
GREEN AMBER
(Low Risk) (Caution)

The ability to assign numerical values or “color codes” to hazards using the GAR Model is not the most important part of risk
assessment. What is critical to this step is team discussions leading to an understanding of the risks and how they will be
managed.
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Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN-

-RED)

Supervisor has perfect knowledge
about the mission, personnel,
capabilities and limitations, and is
able to apply the appropriate control
to minimize risk

<1123 45678 910>

Supervision
Supervisory Control considers; the
experience, training, proficiency,
other qualifications of the supervisor,
whether that person’s situations
awareness, leadership, and
communication are effective, and if
the required supervision is actually
taking place. Even if qualified to
perform a task a person designated
to provide supervision acts as a
control for risk undertaken. This may
as simple as someone checking that
what is being done is conforming to
the agreed standards for the
operations. To effectively provide
control the supervisor must;

¢ have the goals of the
operation (planning),e

e be able to affect the state of
the system (leadership and
communication),e

e have a model (mental model
or plan) of the system
(decision making),

e be able to ascertain the state
of the system (situational
awareness).

The higher the degree of risk, the
more the supervisory demands need
to focus on observing and checking.
A supervisor can be easily distracted

when actively involved in a task

(doing something) and should be not
considered to be an effective safety
observer in high-risk conditions
Clear chain of command.

Supervisor has little knowledge about
the mission, personnel, capabilities
and limitations, and lacks skill,
knowledge or ability to apply the
appropriate control to minimize risk.
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Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN-

-RED)

There is a well-designed plan that is
reviewed and revised as needed to
meet the demands for safety and
efficiency and to account for
adaptation. Time is well managed.

<12 3 4567 8 9100>
Planning
Planning and preparation should
consider how much information you
and other resources that you may be
interacting with have; how accurate it
is, and the amount of time available
to plan for and evaluate the existing
and emerging conditions.

There is no plan or the plan doesn’t
address many current adaptations
made in response of demands for
efficiency. Time constraints have a
strong effect on ability to plan.

Reliable alternative equipment and
personnel are available, easily
accessed and informed about the
mission requirements

<1 2 3 4567 8 910>
Contingency Resources
Contingency planning should be a
normal part of basic planning as well
as planning for the unforeseen.
These are the resources you would
need should certain predetermined
conditions occur or an emergency
arise. Consider what is required to
activate these resources, the
expected time for them to respond,
and how they would be implemented.

The outcome depends on the
equipment and personnel assigned
completing the mission perfectly.
Failure is not an option

Interpersonal communications are
clear and there is a high level of trust
in the organization. Adequate
personnel and technology are
available to relay information
accurately to those who make the
decisions

<101 2 3 45617 8 910>
Communication
An evaluation of the communication
systems that are available should
include; the technical capability,
infrastructure, operational reliability,
and organizational communication
culture. Assess the barriers to
communication and determine how
they may be bridged, and identify the
communication errors that may occur
and how to trap them.

There is low trust in the organization
or the personnel/communication
equipment is unreliable based on the
expected needs for the mission.

CORO_Groundwater_GAR_rev2.doc

9/19/2012








Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN-

-RED)

Multiple personnel with skKill,
knowledge and ability are available to
fulfill the requirements of the mission.
Selection and preparation are done
well in advance so there is plenty of
time for personnel to get personal
and job related demands addressed.

<12 3 4567 8 9100>
Team Selection
The selection of individual resources
should evaluate the character and
competence of the individuals to be
used. On occasion individuals may
have to be replaced during the
operation, which will require an
assessment of any new team
members and how they will be able to
interact with those already engaged.

Only one person is available and the
success of the mission depends on
that person juggling many
responsibilities to squeeze this
mission into the work schedule.
Additional time will be donated to
keep up with the workload.

Personnel are trained, proficient,
healthy, and rested prior to starting
the mission. Personal issues are
addressed and little external stress is
being exerted.

<01 2 3 4567 8 9100>
Team Fitness
Team fitness should consider both
physical and mental state of the
team. The amount and quality of
duty/rest a crewmember has had as
well as an evaluation of all internal
and external stress are important
factors to consider. The stage of
team development should also be
assessed as this will have an impact
on the level of complexity the team
should be able to manage.

Personnel lack one or more critical
component in their training. These
persons have been squeezing in
many additional duties as assigned
distracting them from their proficiency
or personal life.
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Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN-

-RED)

Weather and visibility are conducive
to the best possible chance for

success in the mission. Operational
tempo is appropriate for the mission

<01 2 3 4567 8 9100>
Environment
Consider factors affecting personnel
and how they will perform, as well as
the capabilities and limitations of
other assets and resources. Things
such as the time of day, temperature,
humidity, precipitation, wind and other
weather conditions are dynamic and
may change as the operation
proceeds. Fixed objects and terrain
affect wind and weather patterns and
provide barriers to visual acuity, as
well as mask or provide distractions
from other hazards. A certain
number of these features may also
promote better performance;
however, they should be eyed with
caution as the operational
environment is very dynamic.

The organizational environment also
affects how people operate. The
overt culture of an organization may
appear to be one thing when below
surface it is actually something
completely different. Be realistic and
truthful regarding the culture of the
organization and provide the goals
and expectations that are well
understood by all.

Winds are unpredictable, temperature
is extreme, low ceilings and
visibilities, precipitation, sun angle
creates strong shadows, etc. Mission
tempo is too low or high.

CORO_Groundwater_GAR_rev2.doc

9/19/2012








Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN-

-RED)

A single agency is involved with
personnel from the same unit who
regularly work together. Mission is
straight forward and covered by
standard operating procedures.

<012 3 4567 8 9100>
Incident Complexity
Newly developing teams have many
barriers to overcome and are
equipped with a variety of individual
skills. These teams are capable of
handling simple non-complex
operations without much preparation.
Team selection is of key importance
in bringing together individuals with
the requisite character and
competency. Time is needed for a
team to develop and leadership must
adapt as the team evolves. The
complexity of the operation may
require time to be set aside for
training/team interaction to develop
the necessary trust and competency
required for teamwork to function
effectively under the demands of the
situation.

Multiple agencies are involved in a
mission that defies definition or has
ever been attempted. Personnel are
new to each other and come from
different cultures. Many leaders are
emerging and working toward
different objectives.
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Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN- -RED)

Define the Mission/Task
The mission is to visit Coronado National Memorial for groundwater monitoring. Usually a single person will be performing the
activities described here. The tasks involved are:

1. Contact resource and facilities staff (Adam Springer and David Chavez) at least one week in advance to request a specific
time and date for a site visit and assistance in gaining access to water supply system. Once a schedule is agreed upon,
copy a confirmation of the time, date and planned activity to resource, facilities and lead law enforcement (Matt
Stoffolano). Remember to bring key to Montezuma Ranch wells.

2. Day of visit: Stop at Maintenance Yard to check in with staff regarding well pumping status, opening of chlorinator
building, unlocking of water supply well and assistance in accessing well at the water tank.

3. Visit new water supply well at the water tank, remove water level logger from well and download, measure and record
water level, reinstall water level logger, enter chlorinator building and download barometric pressure logger, close well
and building and leave the site.

4. Following monitoring at the water supply well, stop at administration building to check in with resource staff and obtain

a radio.

Check in with law enforcement prior to leaving administrative area.

Proceed to Headquarters Well in Montezuma Canyon, obtain manual water level measurement.

Proceed to Baumkirchner #3 Well on Forest Lane, obtain manual water level measurement.

© N o U,

Proceed to Montezuma Ranch, measure water levels and download water level loggers and one barologger at wells
ACA2, SX1 and X2. Replace loggers in wells and lock caps.
9. Return to Resource Building to return radio. Notify resource staff and law enforcement that I/we are leaving the park.

Identify hazards
Possible hazards in performing the tasks above include:

Vehicle accident while driving to/from the park or inside park boundaries (2 hours each way travel to park)
Problem/accident driving to/from water tank, Montezuma Ranch or Forest Lane on rough roads

Injure hand opening well cap

Encounter with snakes, bees, chiggers, spiders

Weather related risks, especially lightning or wind

Flash flood in Montezuma Canyon

Encountering threatening persons

If a single person is performing work, potential for limited situational awareness

L O Nk WN e

Exposure to bleach when disinfecting sounder between wells or during transport

Assess risks
Risks associated with the hazards identified above are judged to be generally of a low level based on the ability to

manage/control these risks through the use of:

Personal protective equipment including boots, gloves, safety glasses and gaiters
Situational awareness-must be alert at all times

Safe use of appropriate tools and vehicles

Use of communication devices including a park radio and a cell phone

Montezuma Ranch is a low-activity border area, there is a monitoring tower at the ranch
Obtain adequate rest prior to conducting single day site visit

Check vehicle using safety sheet prior to using vehicle

©® N Uk wWwNE

Complete site visit within NPS 10-hour travel day limit
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Risk Calculation Worksheet - Calculating Risk Using GAR Model (GREEN- -RED)

Identify options
The primary options for limiting risk associated with this activity are:

Obtain weather reports prior to traveling to site, avoid exposure when weather conditions are poor
Discuss weather conditions with park staff as related to possible flooding in Montezuma Canyon
Use appropriate tools and vehicles in a safe manner

Notify law enforcement of presence at park and upon departure

Increase situational awareness of hazards

o Uk wnNeE

Have working cell phone and obtain radio at park prior to going to remote location if not accompanied by park staff with
radio

Evaluate risk vs gain
The risk is judged to be low and the gain is judged to be low to medium.
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1.7 METHODS FOR CALIBRATION OF GRADUATED
STEEL AND ELECTRIC TAPES FOR MEASURING
WATER LEVELS!

NUMBER: AR-GWPD 1

PURPOSE: To describe three methods for calibrating steel and electric tapes used in the measurement of water
levels. The collection of continuous water-level data by float tape or a transducer requires manual check water-level
measurements for correction within a database. Monitoring of ground-water levels in aquifers is essential for
management of the resource. Calibration of the measuring instrument is necessary for quality assurance and quality
control of ground-water level measurements.

DESCRIPTION: Three methods will be described for calibrating steel and electric tapes used in water-level
measurements; basic, well, and down-hole camera. An example calculation to determine the correction to be applied
to a water-level measurement is given.

BASIC

MATERIALS AND INSTRUMENTS:

1. A calibration steel tape graduated in feet, tenths, and hundredths of feet. The calibration steel tape
should be used only for calibration and as long as the longest measuring tape. The calibration tape
must be clearly identified as the calibration tape to prevent use in field measurements. The
calibration steel tape should be secured when not being used for calibration.

2. The steel or electric tape to be calibrated.

Black or blue pen and a calibration record book or laptop for recording calibration corrections.

4. Reasonably level section of ground the length of the calibration tape, usually black top or cement
(parking lot).

w

ASSUMPTIONS AND LIMITATIONS:

1. Steel tapes have similar stretching coefficients when the width and gauge are similar.
2. Electric tapes with light weight probes and small gauge wires will have minimal stretch.

ADVANTAGES:

1. Provides a reasonable calibration of steel and electric tapes and a history of the condition of the
tape throughout the equipment period of use.

2. Able to visually align the steel and electric tapes side by side with the calibration tape.

3. Calibration between the measuring tape and the calibration tape lengths are performed by close
visual inspection of personnel.

! Excerpt from “A Quality-Assurance Plan for Groundwater Data Activities of The U.S. Geological Survey, U.S.
Geological Survey Arkansas Water Science Center, 2010.”
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4. Minimal difficulty in reading differences in lengths over calibration intervals.

5. Least likely to damage or wear calibration tape.
6. The most time efficient method.
DISADVANTAGES:
1. Does not take into account variable stretching coefficients for tapes that are constructed from
different materials from the calibration tape.
2. Two persons required to perform calibration.
INSTRUCTIONS:

1.
2.

A minimum of two personnel are necessary.

Assign a unique identifier to every measuring tape that will be calibrated. The unique identifier
must be permanently marked on the measuring tape. Unigue identifiers should not be reassigned
when a tape is replaced due to damage or loss. A new unique identifier should be assigned
whenever a new measuring tape is purchased.

Locate an area where the tapes can be laid down on a reasonably level smooth surface for the
entire length of the calibration tape.

Determine a calibration interval, a distance interval that will be calibrated in segments throughout
the length of the tapes. A larger calibration interval will have a greater error in the correction. A
smaller calibration intervals will provide better accuracy in the correction and increase the time
necessary for calibration and calculation of the correction. The calibration interval should not
exceed 100 feet.

Place the calibration tape and the measuring tape parallel to the full length on the level surface.
Align the zero foot marks of the two tapes, first person holds the tapes in place. If the measuring
tape has been broken off or shortened, align the first unit foot mark (ie if tape is broken off at 6.57
feet, align at 7.00 foot mark). If the tape is short, record in the calibration record book the starting
foot interval.

The second person proceeds to the end of the first calibration interval, pulling both tapes to
remove the slack and align the tapes parallel for the length of the calibration interval. Do not pull
with enough force to stretch or remove kinks from the tapes, only enough to align the tapes and
remove any slack.

The second person reads the value of the measuring tape aligned next to the end of the calibration
interval on the calibration tape, then records the correction for the interval in the calibration
record book. The first person then moves the end of the calibration interval, aligns the tapes for
the second interval and the process repeats for the length of the measuring tape. In table 1, the
calibration interval is 100 feet. At the 100 foot mark on the calibration tape, the measuring tape
aligned at 100.03 feet, the correction is recorded as -0.03 feet. The next segment is calibrated by
holding the two tapes aligned at the 100.00 foot mark, then reading the correction for the 100 —
200 foot interval. When the length of the measuring tape has been calibrated, a cumulative
correction is calculated for the calibration intervals.
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Table 1. Example calibration record.

Tape AO4
Length Interval Cummulative
0-100 -0.03 -0.03
100 - 200 -0.05 -0.08
200 - 300 -0.11 -0.19
300 - 400 -0.07 -0.26
400 - 500 -0.04 -0.30

8. The process is repeated for the next measuring tape. When complete for all measuring tapes, the
calibration data from the calibration record book is entered into an electronic file. The file is
placed in a designated location accessible to water science center personnel.

WELL
MATERIALS AND INSTRUMENTS:

1. A calibration steel tape graduated in feet, tenths, and hundredths of feet. The calibration steel tape
should be used only for calibration and as long as the longest measuring tape. The calibration tape
must be clearly identified as the calibration tape to prevent use in field measurements. The
calibration steel tape should be secured when not being used for calibration.

2. The steel or electric tape to be calibrated.

3. Black or blue pen and a calibration record book or laptop for recording calibration corrections.

4. An observation well, free of obstruction, with the water level at greater depth than the calibration

interval. The well depth must be greater than the length of the calibration tape.

ASSUMPTIONS AND LIMITATIONS:

1. The measuring tape is measuring along the same pathway in the well as the calibration tape.
2. Variations in the well casing are not differentially altering the water-level measurements.
ADVANTAGES:
1. Provides a reasonable calibration of steel and electric tapes and a history of the condition of the
tape throughout the equipment period of use.
2. Calibration method duplicates water-level measurements.
3. Accounts for variations in stretching between the calibration tape and the measuring tape.
4. Only one person necessary for calibration.
DISADVANTAGES.:
1. May cause wear or damage to calibration tape. If calibration tape is excessively worn or damaged
it will need to be replaced.
2. The least time efficient method.
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3.

Unable to determine if the measuring tape is measuring along the same pathway in the well as the
calibration tape and that variations in the well casing are not differentially altering the water-level
measurements.

INSTRUCTIONS:

1.

10.

Assign a unique identifier to every measuring tape that will be calibrated. The unique identifier
must be permanently marked on the measuring tape. Unique identifiers should not be reassigned
when a tape is replaced due to damage or loss. A new unique identifier should be assigned
whenever a new measuring tape is purchased.

Determine a calibration interval, a distance interval that will be calibrated in segments throughout
the length of the tapes. A larger calibration interval will have a greater error in the correction. A
smaller calibration interval will provide better accuracy in the correction and increase the time
necessary for calibration and calculation of the correction. The calibration interval should not
exceed 100 feet.

Locate a series of unobstructed observation wells in good condition with a water level in each
calibration interval.

Measure the water level in the well using the calibration tape. Record the water level according to
Ground Water Procedural Document 1 for a graduated steel tape.

Measure the water level in the well using the measuring tape. Record the water level according to
the Ground Water Procedural Document for either a graduated steel tape or an electric tape.
Compare the two measurements, calculating the correction for the measurement tape by
subtracting the measurement tape water level from the calibration tape water level. Record in the
calibration record book.

Proceed to the second well with a water level in the second calibration interval. Repeat the
measuring process for the calibration and measuring tapes. Calculate and record the correction for
the second water level.

Continue this process until a calibration correction has been determined in each calibration
interval.

Use the measurement corrections to interpolate a correction for the calibration intervals.
EXAMPLE: The calibration interval is 0 to 50 feet. Measurement in the first well produces a
correction of -0.02 feet for 30.01 foot measurement. Measurement in the second well produces a
correction of -0.05 feet for 89.98 foot measurement. The interpolated correction for 0 to 50 feet
would be -0.03 feet.

The process is repeated for the next calibration interval. When complete for all measuring tapes,
the calibration data from the calibration record book is entered into an electronic file. The file is
placed in a designated location accessible to water science center personnel.

DOWN-HOLE CAMERA

MATERIALS AND INSTRUMENTS:

1.

A calibration steel tape graduated in feet, tenths, and hundredths of feet. The calibration steel tape
should be used only for calibration and as long as the longest measuring tape. The calibration tape
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2.
3.
4.

must be clearly identified as the calibration tape to prevent use in field measurements. The
calibration steel tape should be secured when not being used for calibration.

The steel or electric tape to be calibrated.

Black or blue pen and a calibration record book or laptop for recording calibration corrections.
A down-hole camera with sufficient resolution to read markings on steel and electric tapes.

ASSUMPTIONS AND LIMITATIONS:

1. The measuring tape is measuring along the same pathway in the well as the calibration tape.
ADVANTAGES:

1. Provides a reasonable calibration of steel and electric tapes and a history of the condition of the

tape throughout the equipment period of use.

2. Calibration method duplicates water-level measurements.

3. Accounts for variations in stretching between the calibration tape and the measuring tape.

4. Eliminates interpretive variations from reading cut on chalk for steel tapes.
DISADVANTAGES.:

1. Difficulty in aligning tapes to compare the lengths of the calibration intervals.

2. Availability or cost of down-hole camera.

3.

Two persons required to perform calibration.

INSTRUCTIONS:

1.

Assign a unique identifier to every measuring tape that will be calibrated. The unique identifier
must be permanently marked on the measuring tape. Unique identifiers should not be reassigned
when a tape is replaced due to damage or loss. A new unique identifier should be assigned
whenever a new measuring tape is purchased.

Determine a calibration interval, a distance interval that will be calibrated in segments throughout
the length of the tapes. A larger calibration interval will have a greater error in the correction. A
smaller calibration interval will provide better accuracy in the correction and increase the time
necessary for calibration and calculation of the correction. The calibration interval should not
exceed 100 feet.

Hang the down-hole camera in the well at the depth of the calibration interval. The first person
holds the calibration and the measuring tapes side by side in the well at the top of the first
calibration interval.

The second person uses the down-hole camera to read the value on the measuring tape next to the
bottom of the calibration interval on the calibration tape. Record the correction for the first
calibration interval.

Lower the calibration and measuring tapes to the top of the second calibration interval. Repeat the
process and record the correction for the second calibration interval.

When the length of the measuring tape has been calibrated, a cumulative correction is calculated
for the calibration intervals. See table 2 for example.
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Table 2. Example calibration record.

Tape AO1
Length Interval Cummulative
0-100 0.01 0.01
100 - 200 0.00 0.01
200 - 300 0.00 0.01
300 - 400 -0.02 -0.01
400 - 500 0.09 0.08

CALCULATION OF A CORRECTION APPLIED TO A WATER-LEVEL MEASUREMENT:

1. A water level measurement of 367.52 feet is measured below land surface datum.

2.

The tape used has a unique identifier of A04. The calibration data is shown in table 1.

Table 1. Example calibration record.

e

Tape AO4
Length Interval Cummulative
0-100 -0.03 -0.03
100 - 200 -0.05 -0.08
200 - 300 -0.11 -0.19
300 - 400 -0.07 -0.26
400 - 500 -0.04 -0.30

The cumulative correction from 0-300 is -0.19 feet.

Using interpolation, calculate the correction from 300 to 367.52 feet.

The correction for the 300-400 interval is -0.07 feet. Interpolation calculates the correction from
300 to 367.52 feet to be -0.047 feet, rounding to -0.05 feet.

The total correction for a measurement of 367.52 feet is -0.24, resulting in a corrected water level
of 367.28 feet.

Page 6 of 6









Southwest Network Collaboration

National Park Service and U.S. Fish & Wildlife Service
U.S. Department of the Interior

7 Page 1 of 2
Groundwater Protocol version 1.00/SOP 2 version 1.00
Data Sheet: Water Level Sounder Calibration Data Record for Use with
Graduated Steel Tape
Data Sheet version 1.00
Date Network/Park
Personnel
Manufacturer/Model Number
Date of Purchase Sounder Length
Sounder Serial Number
Calibration Tape Length & Identification
Air Temp (°F) Tape Temperature Correction ft per ft at ambient temperature
Date of last calibration Scale Tension (kg)
Sounder Reading at der Readi Interval Cumulative
Calibration Tape Calibration Tape Calibration Tape Sounder Reading at C i C i
Interval Start Point (ft) | Interval Start Point | nterval End Point (ft) Calibration Tape Interval e e bl
v I (ft) v I End Point (ft) (+/- ft)* (+/- ft)

DS_Water_Level_Sounder_Calibration_v100

When completed (or if found), please return to: Sonoran Desert Network
12661 E Broadway Blvd., Tucson, AZ 85748

Retain a photocopy for your records.
http://science.nature.nps.gov/im/units/sodn/aboutus.cfm
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Sounder Reading at d di Interval Cumulative
Calibration Tape Calibration Tape Calibration Tape S.oun. er Reading at Correction Correction
Interval Start Point (ft) | Interval Start Point | nterval End Point (ft) Calibration Tape Interval *
End Point (ft) (+/- ft) (+/-ft)

(ft)

*Interval deviation is a measure of the discrepancy between the calibration tape and the sounder at the calibration tape end point
- indicates sounder reading is greater than calibration tape reading at the calibration tape end point (sounder reads long and correction should be subtracted)
+ indicates sounder reading is less than calibration tape reading at the calibration tape end point (sounder reads short and correction should be added)

Notes:

DS_Water_Level_Sounder_Calibration_v100

When completed (or if found), please return to: Sonoran Desert Network
12661 E Broadway Blvd., Tucson, AZ 85748

Retain a photocopy for your records.
http://science.nature.nps.gov/im/units/sodn/aboutus.cfm













Sonoran Desert, Chihuahuan Desert, and Southern Plains Networks

Groundwater Monitoring Protocol

SOP #3: Measuring Depth to Groundwater
by Electric or Steel Tape

Version 1.00
(February 2012)
Revision History Log
Previous Revision Section and New
Version # date Author Changes made paragraph Reason for change Version #

This Standard Operating Procedure (SOP) provides step-by-step instructions on manual methods for
measuring the depth to water (DTW) in a well using a graduated steel tape or an electric water-level
sounder. The Sonoran Desert, Chihuahuan Desert, and Southern Plains networks make almost exclusive
use of calibrated electric water-level sounder methods for measuring depth to water in wells. However, in
some areas, the use of steel tapes is preferred. Guidelines provided here closely follow procedures and
guidelines provided in Cunningham and Schalk (2011), and that document should be referred to for
further details as needed.

1

Trip preparation

For detailed trip preparation operating procedures, see SOP GW-2. The following are included here as a
reminder of key points from that procedure.

1)
2)

3)

Review the field folder for the well, paying attention to recently measured water levels on the water-
level correction and elevation datasheet.

Obtain a report from the groundwater database showing the 8 most recent measurements for each well

that will be monitored. Bring this report to the field.

Assemble copies of Depth-to-Groundwater with Electric Sounder
(DS_Depth_to_Groundwater_Electric_Sounder_v100.docx) or Depth-to-Groundwater with Steel
Tape (DS_Depth_to_Groundwater_Steel _Tape_v100.docx) datasheet(s) (see Appendix A).






4)
5)
6)
7)

1)
2)
3)

4)

5)

6)

3

SOP GW-3 Measuring Depth to Groundwater

Verify that the sounder or tape has been calibrated in the last year and is cleaned and disinfected.
Assemble and inspect equipment, check circuitry and batteries.

Review and follow Operational Leadership GAR procedures for this park.

Contact park staff to arrange for site visit. If well is a pumping well or very near a pumping well,
request staff to turn off pump overnight prior to visit.

At the park

Notify park staff that you are on site, follow GAR procedures.

Proceed to the well location(s), verify that you are at the correct well.

Locate and open the established measuring point (MP) access port. Make note of any changes in
measuring point relative to previous measurements on the datasheet.

Observe the inside of the well for sounds of dripping water and unusual noises or smells. Note any
observations on the datasheet. If well is pumped, ask operator when the last pumping ended (how
many hours has the well been idle?) and note this on the datasheet.

For deep wells, remove and download any sensor(s) present from the well prior to measuring depth to
water. This will reduce the possibility of cables and sounder tapes becoming tangled. Where depth to
water is relatively shallow, obtain the manual measurement prior to removing the sensor from the
well.

Be sure to notify park staff when leaving the park, following all GAR procedures.

Making the Measurement with an Electric Sounder Tape

For additional detail, refer to section GWPD 4 in Cunningham and Schalk (2011).

1)

2)
3)
4)

5)

6)

Complete the well identifier and date/time fields on the datasheet. Verify the well identification using
notation on the well cap or a well identification tag.

Turn sounder ON and test by pressing “battery test” button.

Release the sounder brake.

Lower the sounder tape into well by unreeling while maintaining control. Take care not to allow
sounder to unreel freely by the force of gravity. Maintain the tape in the center of the well casing or
access port, avoid abrasion of tape by preventing dragging on the upper edge of the well casing, cap
or any other surface. Be aware that deeper wells are often not plumb, and tape may contact the casing
at depth regardless of position on the surface.

When the sounder beeps (indicating the sounder junction has been breached), stop lowering the tape.
Ascertain that the probe has reached the water table by slowly and gently raising and lowering the
sounder tape to determine precisely when the sounder junction is at the water surface. If there is no
clear point of contact, raise the tape a few feet, shake it to remove water drops, and repeat.

Once an unambiguous contact surface has been established, set the probe just at the surface, secure
(hold) and read the tape at the measuring point (MP) as shown in Figure 1. Repeat each measurement
at least twice by raising and lowering tape a few feet to verify measurement reproducibility. If
measurements do not agree within 0.01 foot, continue to repeat measurements until they stabilize or
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until it is determined why a consistent measurement is not possible. Provide notes to explain as
needed on datasheet.

7) Read and record the depth to water surface (DTW) below the measuring point (bmp) to the nearest
0.01-ft. If not possible to determine measurement with 0.01-ft accuracy, indicate accuracy of
measurement by recording measurement as such and noting so on datasheet (e.g. “1” “to nearest foot
or “1.0” “to nearest tenth of a foot™).

8) If a stable measurement value cannot be reached, read and record three values separated in time by at
least one minute each (longer is better).

9) Compare current measurement with recent measurements on the groundwater database recent
measurement report for the well. If the current measurement appears to be significantly different from
the recent measurements and there is no apparent explanation, repeat the measurement to verify
current conditions.

10) When measurement is completed, turn sounder off and reel in the tape, positioning tape away from
the well casing or access port to avoid abrasion during rewinding.

11) Record any other observations on datasheet, with special attention to changes at the wellhead,
measuring point, or in the wider area that have the potential to affect groundwater levels. Re-measure
and record the measuring point height once a year.

12) If another well will be measured during the same site visit, the sounder should be disinfected
following the bleach methods described in SOP GW-4 after the well measurement is complete.

13) At least once per year, the well area should be photographed from a distance of about 30 feet and the
measuring point height above ground surface or above the datum used for each location should be re-
measured and noted on the datasheet.

14) Reinstall the sensor if applicable, close and lock the well.
15) Notify park staff when leaving the park.

4 Measurement with a Graduated Steel Tape
Refer to GWPD-1 in Cunningham and Schalk (2011).

1) Complete the header information on the Depth-to-Groundwater by Steel Tape datasheet
(DS_Depth_to_Groundwater_Steel Tape_v100.docx).

2) Detailed instructions for measuring depth to water with a graduated steel tape are found in
Cunningham and Schalk (2011), section GWPD-1. Review and follow the methodology provided in
that document.

3) Notify park staff when leaving the park.

5 Tasks after returning to the office

1) Make additional notes about any relevant conditions and/or actions/materials needed on the next site
visit in the field folder(s) as needed.

2) All raw depth-to-water data should be copied into the respective field folder water-level correction
and elevation datasheet for each well. Tape-length corrections should be indicated in the columns





3)
4)

5)

6)
7)

8)

SOP GW-3 Measuring Depth to Groundwater

provided. The calculations for depth to water below land surface and water-level elevation should be
completed in the columns provided in the field folder datasheet

(DS_Field_Folder_Water_Level Corrections_and_Elevation_v100.docx). These calculations are
used in quality assurance of the groundwater database entries.

Equipment should be cleaned and stored per SOP GW-4 upon returning to the office.
Depth-to-water data and field notes should be copied and the originals put into the “unentered data”
folder in the groundwater section of the data management fire safe. The copy will be retained in the
field folder as a reference for the next site visit.

All manual raw depth-to-water data and accompanying notes on the datasheets must be entered into
the groundwater database. The database makes any needed corrections for tape length and measuring
point height above land surface. The manual corrections in the field folders are used during the data
quality assurance procedures at the end of the water year.

Datasheets will be copied and archived per network data management procedures (SOP GW-7).

All downloaded sensor data from a single date and park should be moved to the server into a new
folder named as the download date (YYYYMMDD) and created in the directory designated to
contain nonspatial raw data for each park. The hardware should be configured so that the names of
the downloaded files will include the sensor serial number, WELL_ID_and DATE of download.
Photos should be processed by adding metadata; naming with the park code, well name, and date of
photo; and moving to the appropriate folder under the directory designated to contain identification
photographs of groundwater monitoring locations.
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Figure 1: Taking a measurement at a well using an electric sounder.
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Equipment List

Equipment

Location

Pre-Trip

Post-Trip

Personal Protective Equipment (bee nets, snake
gaiters, sunscreen, etc.)

Network offices

Assemble

Return to designated storage
locations

Datasheet for each well with recent measurements
shown

Field Folder

Fill out any information possible
before going to field

Complete forms, copy and archive

Key(s)/gate codes as needed

Obtain keys from park staff as
needed

Gate codes are in well folders

Notify staff of upcoming visit

Return keys to staff

Field Folder

Groundwater folders in fire proof
safe

Review notes from last site visit

Add notes regarding current visit

Water-level sounder
OR

Graduated steel tape

Network offices

Verify that instruments are cleaned
and disinfected

Clean, disinfect, test and return to
storage

Empty reel fitted with carabiner for recovering sensors

Network offices

Verify that reel is clean and
disinfected

Clean, disinfect, test and return to
storage

Downloading hardware and software as needed

Network offices

Assemble based on site
instrumentation

Clean and return to storage

Tool Bag

Waterproof pen & datasheet, permanent marker
Slip joint pliers or channel lock pliers
Screw drivers, assorted fixed size wrenches
Lock lubricant & Food Grade O-ring grease
Cloth rag, bandana or paper towels

Tape measure

Batteries (9 volt)

Flashlight, batteries

Small mirror

Field gloves

Clean plastic bags (large)

Network offices

Check inventory

Restock as needed

Cleaning Materials-see SOP 4

Network offices

Check inventory

Restock as needed
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Equipment

Location

Pre-Trip

Post-Trip

GPS unit (optional)

Network offices

Load park maps

Download points taken and clear/
document with metadata

Camera (optional)

Network offices

Charge battery and check for space
on memory card

Download photos, document and
move to appropriate folders
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Groundwater Protocol version 1.00/SOP 3 version 1.00

Field Data Sheet: Depth-to-Groundwater with Electric Sounder for
Calibrated Electric Sounder

Data Sheet version 1.00

Location and Event Information

Date: Personnel:
Water Year: Park Code: Tape ID & Serial #:
Depth to Water Measurements (record depth to water in decimal feet to the precision of the measurement)
Time Well Name Depth to Water Measuring oo ?bservatflons
24-hr format and below MP g.g, .eaSL{rlng point change, sur' ace water preser.1ce, pump
Standard Time Registrv ID ¢ active/time since pump off, cascading water, mud/slime on tape,
gIstry (uncorrected) (ft) downloaded datalogger (additional room on back)
Field Notes

Make additional notes on reverse

DS_Depth_to_Groundwater_Electric_Sounder_v100 When completed (or if found), please return to: Sonoran Desert Network
12661 E Broadway Blvd., Tucson, AZ 85748

Retain a photocopy for your records.

http://science.nature.nps.gov/im/units/sodn/aboutus.cfm
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Groundwater Protocol version 1.00/SOP 3 version 1.00
Field Data Sheet: Depth-to-Groundwater with Steel Tape for use with
Graduated Steel Tape
Data Sheet version 1.00
Location and Event Information
Date: Personnel:
Water Year: Park Code: Tape ID & Serial #:
Depth to Water Measurements (record depth to water in decimal feet to the precision of the measurement)
Well Name and Cut (wet Observations
Time Registry ID MP Hold line Depth to Water e.g., Measuring point change, surface water presence,
24-hr format Reading . below MP pump active/time since pump off, cascading water,
Standard Time (ft) readmg) (uncorrected) (ft) mud/slime on tape, downloaded datalogger (additional
(ft) room on back)
Field Notes
Make additional notes on reverse
DS_Depth_to_Groundwater_Steel_Tape_v100 When completed (or if found), please return to: Sonoran Desert Network

12661 E Broadway Blvd., Tucson, AZ 85748
Retain a photocopy for your records.
http://science.nature.nps.gov/im/units/sodn/aboutus.cfm
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SOP #4: Cleaning and Disinfecting Groundwater

Groundwater Monitoring Protocol

Monitoring Equipment

Version 1.00
(February 2012)

Revision History Log

Previous
Version #

Revision
date

Author

Changes made

Section and
paragraph

Reason for change

New
Version #

This Standard Operating Procedure (SOP) describes established field and workplace procedures for
cleaning and disinfecting equipment used to monitor groundwater levels in wells. Cleaning and
disinfection are vital steps in preventing the transmission of contaminants or organisms between
locations. In this document, cleaning refers to the removal of residue, sediment, plant matter, or any

unwanted type of solid material that has attached to the surface of the equipment. Disinfection refers to

the treatment of equipment for the purpose of eliminating microbiological agents. All hardware
introduced to water-supply wells, as well as any tape used in a well suspected of possible fecal
contamination, must be both cleaned and disinfected.

The equipment to which this SOP applies includes water-level sounders, sensor-deployment cables,

borehole-depth sounders, and similar hardware that may be introduced to multiple wells for the purpose

of monitoring or characterization. Where a single piece of equipment is dedicated to use at a single

location, the need for cleaning and disinfection is reduced, and simple cleaning and spray disinfection

procedures followed prior to use will suffice. It is the responsibility of the operator to ascertain the

compatibility between the materials to be cleaned and the cleaning and disinfection agents prior to use of
the methods proposed. This SOP can be found at (V:\Groundwater\Protocols\SOPS\SOP GW-4_Cleaning

and Disinfecting Groundwater Equipment.doc). Additional information and guidance for cleaning
equipment impacted by oily residue is available in Wilde (2004, 51-53).






SOP GW-4 Cleaning and Disinfecting Groundwater Monitoring Equipment

The procedures described here represent two levels of cleaning and disinfection—one intended for use in
the field when monitoring multiple wells in succession within a park, the other for more rigorous cleaning
and disinfection at the workplace or base of operations following use of hardware at one park and before
deploying the hardware at another park unit. The procedures were developed for typical NPS monitoring
situations in which either water supply or dedicated monitoring wells will be targeted. The procedures are
not intended for use with equipment deployed at any location where contamination of wells and/or
aquifers by oils, hydrocarbons, heavy metals, pesticides, or any constituent listed as a drinking-water
contaminant by the Environmental Protection Agency or the state has occurred. While water-level
sounders are the primary hardware for which the procedures were developed, the methods have
applicability to sensor-deployment cables or other hardware used in wells, providing the materials are
compatible with the cleaning and disinfection agents specified. For cleaning of sensors, such as pressure
transducers, the manufacturer’s guidelines should be followed.

1 Principles of Groundwater Monitoring Hygiene

1. Always begin with cleaned and disinfected hardware and transport equipment in a clean
environment.

2. At a park unit, sample (monitor) water supply wells using a freshly cleaned instrument before
sampling dedicated monitoring wells.

3. Disinfect equipment in the field when moving between wells within a park.
Conduct full cleaning and disinfection of equipment prior to moving between parks and prior to
storing following use.

In cases where equipment is not cleaned and disinfected immediately, a note stating that the equipment is
not clean shall be securely affixed to the equipment until such time as the item is cleaned and disinfected
according to this protocol. Following cleaning and disinfection, a note stating that the equipment is clean
should be securely affixed to the unit.

2 Preparation for Cleaning and Disinfection at the Workplace or Base
of Operations

The procedures described in this section require access to quantities of potable water, such as would be
available from a garden hose or a utility sink. Prior to using the cleaning and disinfection agents,
including Liquinox liquid and/or Alconox powder (referred to hereafter as cleaners) and household bleach
for disinfection, review the instructions for use and Material Safety Data Sheets (MSDS) for these
materials, found in Appendix A and in folders within the Groundwater\Resources\MSDS\ folder.

Assemble supplies and equipment:

e Three (3) clean 5-gallon or larger buckets (clean with diluted cleaner solution and rinse well).

e A cleaned surface upon which cleaned hardware may be placed. Clean plastic sheeting spread
over the surface on which the clean tape may come into contact may be used.
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e A 1% solution of Liquinox liquid cleaner or Alconox powder mixed according to user manual
instructions and MSDS sheet for same. These cleaners must be kept separated from the
household bleach solution at all times.

e 5-6% sodium hypochlorite solution (household bleach) and MSDS sheet for same.

e An alternative cleaner is Virkon Aquatic cleaner, which may be used in place of both the cleaning
solutions and the bleach.

o Nitrile gloves.

o Goggles - eye protection.

e Several soft, clean cloths.

e Soft, small brush.

e Clean area substrate, such as a small tarp, plastic bags, etc.

e Source of plenty of clean water (warm or cool water—do not use hot water).

3 Safety Precautions

Use protective nitrile gloves and splash goggles when handling the cleaning and disinfection solutions.
Take extra precautions when handling undiluted agents and powders. Have eye wash and copious
amounts of potable water readily available to treat accidental exposure. Consult the user’s manuals,
product labels, and Material Safety Data Sheets for additional information prior to use.

Use only in a well-ventilated environment. Review and follow all use instructions on labels. Do not leave
items immersed in cleaning solutions for an extended time. Do not leave items immersed in the
disinfecting solution for more than 5 minutes.

Use warm (preferred) or cool water—do not use hot water.

4 Cleaning and Disinfection Procedures for Tapes and Sensor
Deployment Cables

Work on an appropriate surface, such as a clean wet-lab table or outdoors on a smooth, open, flat surface.
Clean handling procedures should be followed. Once a surface has been contacted by an “unclean”
surface, it should not subsequently be brought into contact with a “cleaned” surface. Likewise, once a
surface has been cleaned, it should not be brought into contact with an unclean surface.

4.1 Preparation

1. Always wear nitrile gloves and eye protection when working with cleaning and disinfecting
solutions. Work in a well-ventilated clean area with unrestricted access to free-flowing potable
water, such as a garden hose or faucet. Be aware that the cleaning and disinfecting solutions may
damage or discolor clothing; dress and handle with care accordingly.

2. Cleaning and disinfecting solutions should be freshly prepared. Do not prepare in advance.
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3. Never mix or bring bleach or bleach solution into contact with the Liquinox/Alconox or
Virkon Aquatic cleaning agents or solutions of those agents.

4. Atall times, be extremely careful not to introduce liquid or dampness to the electronic component
of the sounder reel. Access to this sensitive area is usually via a cover on the crank side of the
reel, where the battery compartment is located. Keep this area dry at all times.

5. Cleaner plus disinfectant method:

o Infirst bucket, mix a suitable amount of 1% cleaning solution (2.5 Thsp/gal (10 ml/L)
Liquinox or 2.5 Thsp/gal (10 ml/L) Alconox powder) according to manufacturer’s
instructions (16 Thsp=1 cup). Amount of solution required will be determined in part by
the size/quantity of object(s) to be cleaned. Use warm water if available. Do not use hot
water. Keep the Liquinox/Alconox cleaning solution physically separated from the
disinfection (bleach) solution at all times.

Fill second clean bucket with clean, potable water for rinsing.

In third bucket, mix a disinfecting solution of 0.005% (50 ppm) household bleach
(Clorox germicidal bleach) in the proportion of 1 ml of bleach to 900 milliliters of water,
then fill to make one liter (1 tablespoon bleach to 4 gallons of water). Always add bleach
to water, not the other way around. Rinse the measuring container after measuring the
bleach.

6. Combined method:

0 Make up a 1% solution of Virkon Aquatic powder cleaner. One scoop (provided with a
10-Ib tub) or one packet to a gallon of water makes up the needed solution.

Fill the second bucket with clean, potable water for rinsing.

Virkon Aquatic cleaning solution must be physically separated from disinfection
(bleach) solution at all times.

4.2 Cleaning procedure

1. For cleaning sediment or other materials from sounder tapes or cables, immerse the cable in the
cleaning solution from the probe to a section beyond that introduced to the well, agitate gently
and soak for 5-10 minutes (no longer). Wet a soft, clean cloth liberally in the cleaning solution.
Remove the tape/cable from the bucket by gently pulling out of the solution through a soft cloth,
applying gentle pressure but taking care not to kink, bend sharply, or abrade the tape. After
wiping several feet, rinse the cloth in the cleaning solution and position the tape on the clean
surface. Proceed to the next section, repeating until the entire item has been wiped free of any
foreign material. Cleaned tape/cable should be directed to rest on a clean surface, not on a surface
that has come into contact with unclean material.

2. To clean the sensor probe at the end of a sounder, agitate the probe in the solution and clean it by
wiping gently with the cloth. The inside areas of the sounder probe may be cleaned by wiping
gently with the cleaning solution and a soft cloth or brush. Any surface contacted by an unclean
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surface should be cleaned, including the probe storage tube. You may leave the metal parts of the
probe immersed in the bucket for a short while (not more than 10 minutes) as necessary to help
dislodge sludge that may have accumulated.

Using a cloth that has been rinsed in the cleaning solution, wipe down the reel, handle, and probe
tube of the sounder. Take care not to submerge or introduce water to the electronics inside the
reel. Clean and rinse the inside of the sounder probe tube by flushing with solution, taking care
not to wet the electronics.

Rinse the cleaning solution from the equipment using a clean cloth rinsed in the bucket of rinse
water. Immerse or spray the tape/cable with rinse water and wipe down the reel, handle, and
probe tube with a clean, damp cloth.

If multiple items are to be cleaned and the cleaning solution becomes dirty, it is advisable to
refresh the cleaning solution between items.

Items cleaned with a 1% Virkon Aquatic solution are ready to be dried and stored at this point.

Virkon Aquatic solution is biodegradable. As a 1% solution, it may safely be disposed of in
sewage systems.

4.3 Disinfection procedure following cleaning with Liquinox or Alconox

solutions

1.

Following the cleaning and rinse described above, disinfect the tape/cable and sounder reel. Use
the same method as described above for cleaning the tape and sounder. Immerse the tape/cable
into the bleach solution, agitate gently and soak for 5 minutes (not more or less). Remove the
tape/cable by gently pulling out of the solution through a soft cloth saturated with the bleach
solution, applying gentle pressure but taking care not to kink, bend sharply, or abrade the tape.
After wiping several feet of the tape, rinse the cloth in the bleach solution again and proceed to
wipe the next section, repeating until the entire length has been contacted. Disinfected tape/cable
should be directed to rest on a clean surface, not on a surface that has come into contact with
unclean or material that was not yet disinfected.

Wipe down the reel parts with a cloth dampened in the bleach solution as before. Spray or
otherwise rinse the probe tube with the bleach solution on the brake side of the sounder.

Rinse all surfaces of the reel with clean water by wiping with a clean, damp rinse cloth, always
taking care to keep the electronics dry.

Rinse the disinfected tape with clean water prior to returning it to the reel.

Reel the tape uniformly back onto the reel under light tension. Store the probe in the probe tube.
Allow the tape and sounder to air dry on a clean indoor surface, such as an unused plastic bag, in
a dust-free environment.

After drying completely, store the cleaned and disinfected sounder inside an unused plastic bag or
other suitable clean container.

Clean work area and dispose of solutions in sewage drains. Do not mix the cleaning solution with
the disinfecting solution at any time; do not pour into the drain concurrently. Allow each solution
to drain fully and flush with clean water prior to disposing of the second solution. Small amounts
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of Liquinox, Alconox, and bleach solution can be disposed of in standard drains, but not at the
same time (do not mix these chemicals). Flush small amounts of the solutions down the drain
with fresh water.

4.4 Disinfection procedure for field use between wells

1. For on-site disinfection between wells, fill a 1.5-liter spray bottle with a 0.005% household
bleach solution: mix 1 milliliter of bleach into 900 milliliters of water, then fill to make one liter.

2. After completing the measurement in the well, use the spray bottle to disinfect that portion of the
tape or cable that has come into contact with water.

3. Following completion of field work, clean and disinfect entire tape as described above, or rinse
tape end with potable water spray and tag equipment as unclean.

5 Cleaning Procedure for Pressure Sensors and other Instrumentation

Sensors and instrumentation of any kind should be cleaned and disinfected in accordance with the
directions of the manufacturer. Immersion or soaking of sensitive instruments should never occur unless
the manufacturer has indicated that the hardware is compatible with the cleaning/disinfecting agents and
may safely be submerged.

Following cleaning, equipment should be stored in a clean environment (i.e., do not place cleaned
hardware in an unclean enclosure or where it will come into contact with unclean hardware). When
practical, storage in clean plastic bags is recommended.
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Equipment List

Equipment Quantity Location Pre-Trip Post-Trip
Clean potable water copious
Surface for unclean items 1

Surface for clean items

1
5 gal or larger buckets 3
1.5 liter spray bottle 2

Measuring containers tablespoon, gallon,
milliliters

Alconox or Liquinox cleaning agent, 1
User’s Instructions and MSDS sheet

OR:

Virkon Aquatic powder

AND:

5% sodium hypochlorite (household 1
bleach) and MSDS sheet

nitrile gloves 1
eye protection-goggles 1

Clean container or plastic bags for storing
items after cleaning

Clean plastic sheeting 1

several clean soft cloths 3

6 References

McLaughlin, M. C., and A. S. Zisman. 2005. The aqueous cleaning handbook: A guide to critical-
cleaning procedures, techniques, and validation. White Plains, NY: Al Technical Communications.
182 pp.

Wilde, F. D., ed. 2004. Cleaning of equipment for water sampling: U.S. Geological Survey Techniques of
Water-Resources Investigations, Book 9, Chapter 3. Pages 50-53 and Errata dated 11/21/2005.







MATERIAL SAFETY DATA SHEET
ALCONOX®

Prepared to U.S. OSHA, CMA, ANSI, Canadian WHMIS, Australian WorkSafe, Japanese Industrial Standard JIS Z 7250:2000, and European Union REACH Regulations

VALCONOX

SECTION 1 - PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: ALCONOX®

CHEMICAL FAMILY NAME: Detergent.

PRODUCT USE: Critical-cleaning detergent for laboratory, healthcare and industrial applications

U.N. NUMBER: Not Applicable

U.N. DANGEROUS GOODS CLASS: Non-Regulated Material

SUPPLIER/MANUFACTURER'S NAME: Alconox, Inc.

ADDRESS: 30 Glenn St., Suite 309, White Plains, NY 10603. USA

EMERGENCY PHONE: TOLL-FREE in USA/Canada 800-255-3924
International calls 813-248-0585

BUSINESS PHONE: 914-948-4040

DATE OF PREPARATION: May 2011

DATE OF LAST REVISION: February 2008

SECTION 2 - HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW: This product is a white granular powder with little or no odor. Exposure can be irritating to eyes,
respiratory system and skin. It is a non-flammable solid. The Environmental effects of this product have not been investigated.

US DOT SYMBOLS CANADA (WHMIS) SYMBOLS EUROPEAN and (GHS) Hazard Symbols

Non-Regulated

Signal Word: Warning!

EU LABELING AND CLASSIFICATION:

Classification of the substance or mixture according to Regulation (EC) No1272/2008 Annex 1
EC# 205-633-8 This substance is not classified in the Annex | of Directive 67/548/EEC

EC# 268-356-1 This substance is not classified in the Annex | of Directive 67/548/EEC

EC# 231-838-7 This substance is not classified in the Annex | of Directive 67/548/EEC

EC# 231-767-1 This substance is not classified in the Annex | of Directive 67/548/EEC

EC# 207-638-8 Index# 011-005-00-2

EC# 205-788-1 This substance is not classified in the Annex | of Directive 67/548/EEC

GHS Hazard Classification(s):
Eye Irritant Category 2A

Hazard Statement(s): Precautionary Statement(s):
H319: Causes serious eye irritation P260: Do not breath dust/fume/gas/mist/vapors/spray
P264: Wash hands thoroughly after handling
P271: Use only in well ventilated area.
P280: Wear protective gloves/protective clothing/eye
protection/face protection/

Hazard Symbol(s):
[Xi] Irritant
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Risk Phrases: Safety Phrases:
R20: Harmful by inhalation S8: Keep container dry
R36/37/38: Irritating to eyes, respiratory system and skin S22: Do not breath dust

S24/25: Avoid contact with skin and eyes

HEALTH HAZARDS OR RISKS FROM EXPOSURE:
ACUTE: Exposure to this product may cause irritation of the eyes, respiratory system and skin. Ingestion may cause gastrointestinal
irritation including pain, vomiting or diarrhea.

CHRONIC: This product contains an ingredient which may be corrosive.

TARGET ORGANS: ACUTE: Eye, respiratory System, Skin CHRONIC: None Known

SECTION 3 - COMPOSITION and INFORMATION ON INGREDIENTS

HAZARD CLASSIFICATION:
. . ,
HAZARDOUS INGREDIENTS: CAS # EINECS # ICSC # WT % A
Sodium Bicarbonate 144-55.8 205-633-8 1044 33-439% | HAZARD CLASSIFICATION: None
RISK PHRASES: None
Sodium (C10 — C16) 8081810 2663561 Not Listed 10— 209% | HAZARD CLASSIFICATION: None
Alkylbenzene Sulfonate RISK PHRASES: None
Sodium Tripolyphosphate 7758-29-4 231-838-7 1469 5-150% | HAZARD CLASSIFICATION: None
RISK PHRASES: None
Tetrasodium Pyrophosphate 7722-88-5 231-767-1 1140 5-15% HAZARD CLASSIFICATION: None
RISK PHRASES: None
Sodium Carbonate 497-19-8 207-638-8 1135 1-109% | HAZARD CLASSIFICATION: [Xi] Irritant
RISK PHRASES: R36
Sodium Alcohol Sulfate 151-21-3 205-788-1 0502 1-5% HAZARD CLASSIFICATION: None
RISK PHRASES: None

Balance of other ingredients are non-hazardous or less than 1% in concentration (or 0.1% for
carcinogens, reproductive toxins, or respiratory sensitizers).

NOTE: ALL WHMIS required information is included in appropriate sections based on the ANSI Z400.1-2004 format. This product has been classified in
accordance with the hazard criteria of the CPR and the MSDS contains all the information required by the CPR, EU Directives and the
Japanese Industrial Standard JIS Z 7250: 2000.

SECTION 4 - FIRST-AID MEASURES

Contaminated individuals of chemical exposure must be taken for medical attention if any adverse effect occurs. Rescuers should be
taken for medical attention, if necessary. Take copy of label and MSDS to health professional with contaminated individual.

EYE CONTACT: If product enters the eyes, open eyes while under gentle running water for at least 15 minutes. Seek
medical attention if irritation persists.

SKIN CONTACT: Wash skin thoroughly after handling. Seek medical attention if irritation develops and persists. Remove
contaminated clothing. Launder before re-use.

INHALATION: If breathing becomes difficult, remove victim to fresh air. If necessary, use artificial respiration to support
vital functions. Seek medical attention if breathing dificulty continues.

INGESTION: If product is swallowed, call physician or poison control center for most current information. If professional
advice is not available, do not induce vomiting. Never induce vomiting or give diluents (milk or water) to someone who
is unconscious, having convulsions, or who cannot swallow. Seek medical advice. Take a copy of the label and/or
MSDS with the victim to the health professional.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Pre-existing skin, or eye problems may be aggravated by
prolonged contact.

RECOMMENDATIONS TO PHYSICIANS: Treat symptoms and reduce over-exposure.
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SECTION 5 - FIRE-FIGHTING MEASURES

FLASH POINT:

AUTOIGNITION TEMPERATURE:
FLAMMABLE LIMITS (in air by volume, %):
FIRE EXTINGUISHING MATERIALS:

UNUSUAL FIRE AND EXPLOSION HAZARDS:
Explosion Sensitivity to Mechanical Impact:
Explosion Sensitivity to Static Discharge:

SPECIAL FIRE-FIGHTING PROCEDURES:

NFPA RATING SYSTEM

Flammability

Health Reactivity

Other

Not Flammable

Not Applicable

Lower (LEL): NA Upper (UEL): NA

As appropriate for surrounding fire. Carbon dioxide, foam, dry
chemical, halon, or water spray.

This product is non-flammable and has no known explosion hazards.
Not Sensitive.

Not Sensitive

Incipient fire responders should wear eye protection. Structural
firefighters must wear Self-Contained Breathing Apparatus and full
protective equipment. Isolate materials not yet involved in the fire and
protect personnel. Move containers from fire area if this can be done
without risk; otherwise, cool with carefully applied water spray. If
possible, prevent runoff water from entering storm drains, bodies of
water, or other environmentally sensitive areas.

HMIS RATING SYSTEM
HAZARDOUS MATERIAL IDENTIFICATION SYSTEM

PHYSICAL HAZARD (YELLOW) 0

PROTECTIVE EQUIPMENT
EYES RESPIRATORY | HANDS BODY

o, See
)3 See Sect 8 i Sect 8

For Routine Industrial Use and Handling Applications

Hazard Scale: 0 =Minimal 1 = Slight 2 = Moderate 3 = Serious 4 = Severe * = Chronic hazard

SECTION 6 - ACCIDENTAL RELEASE MEASURES

SPILL AND LEAK RESPONSE: Personnel should be trained for spill response operations.

SPILLS: Contain spill if safe to do so. Prevent entry into drains, sewers, and other waterways. Sweep, shovel or vacuum spilled material
and place in an appropriate container for re-use or disposal. Avoid dust generation if possible. Dispose of in accordance with applicable
Federal, State, and local procedures (see Section 13, Disposal Considerations).

SECTION 7 - HANDLING and STORAGE

WORK PRACTICES AND HYGIENE PRACTICES: As with all chemicals, avoid getting this product ON YOU or IN YOU. Wash
thoroughly after handling this product. Do not eat, drink, smoke, or apply cosmetics while handling this product. Avoid breathing dusts
generated by this product. Use in a well-ventilated location. Remove contaminated clothing immediately.

STORAGE AND HANDLING PRACTICES: Containers of this product must be properly labeled. Store containers in a cool, dry location.
Keep container tightly closed when not in use. Store away from strong acids or oxidizers.

May 2011
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SECTION 8 - EXPOSURE CONTROLS - PERSONAL PROTECTION

EXPOSURE LIMITS/GUIDELINES:

Chemical Name CAS# ACGIH TWA OSHA TWA SWA
Sodium Bicarbonate 144-55-8 10 mg/m? Total Dust | 15 mg/m? Total Dust | 10 mg/m?® Total Dust
Sodium (C10 — C16) 68081-81-2 10 mg/m3 Total Dust 15 mg/m3 Total Dust 10 mg/m? Total Dust

Alkylbenzene Sulfonate
Sodium Tripolyphosphate 7758-29-4 10 mg/m? Total Dust | 15 mg/m? Total Dust | 10 mg/m? Total Dust
Tetrasodium
Pyrophosphate 7722-88-5 5 mg/m3 5 mg/m3 5 mg/m?3

Sodium Carbonate 497-19-8 10 mg/m? Total Dust | 15 mg/m? Total Dust | 10 mg/m? Total Dust
Sodium Alcohol Sulfate 151-21-3 10 mg/m? Total Dust | 15 mg/m? Total Dust | 10 mg/m? Total Dust

Currently, International exposure limits are not established for the components of this product. Please check with competent authority
in each country for the most recent limits in place.

VENTILATION AND ENGINEERING CONTROLS: Use with adequate ventilation to ensure exposure levels are maintained below the
limits provided below. Use local exhaust ventilation to control airborne dust. Ensure eyewash/safety shower stations are available near
areas where this product is used.

The following information on appropriate Personal Protective Equipment is provided to assist employers in complying with OSHA
regulations found in 29 CFR Subpart | (beginning at 1910.132) or equivalent standard of Canada, or standards of EU member states
(including EN 149 for respiratory PPE, and EN 166 for face/eye protection), and those of Japan. Please reference applicable
regulations and standards for relevant details.

RESPIRATORY PROTECTION: Based on test data, exposure limits should not be exceeded under normal use conditions when using
Alconox Detergent. Maintain airborne contaminant concentrations below guidelines listed above, if applicable. If necessary, use only
respiratory protection authorized in the U.S. Federal OSHA Respiratory Protection Standard (29 CFR 1910.134), equivalent U.S. State
standards, Canadian CSA Standard Z94.4-93, the European Standard EN149, or EU member states.

EYE PROTECTION: Safety glasses. If necessary, refer to U.S. OSHA 29 CFR 1910.133 or appropriate Canadian Standards.

HAND PROTECTION: Use chemical resistant gloves to prevent skin contact.. If necessary, refer to U.S. OSHA 29 CFR 1910.138 or
appropriate Standards of Canada.

BODY PROTECTION: Use body protection appropriate to prevent contact (e.g. lab coat, overalls). If necessary, refer to appropriate
Standards of Canada, or appropriate Standards of the EU, Australian Standards, or relevant Japanese Standards.

SECTION 9 - PHYSICAL and CHEMICAL PROPERTIES

PHYSICAL STATE: Solid
APPEARANCE & ODOR: White granular powder with little or no odor.
ODOR THRESHOLD (PPM): Not Available

VAPOR PRESSURE (mmHg):
VAPOR DENSITY (AIR=1):

BY WEIGHT:

EVAPORATION RATE (nBuAc = 1):
BOILING POINT (C°):

FREEZING POINT (C°):

pH:

Not Applicable

Not Applicable.

Not Available

Not Applicable.

Not Applicable.

Not Applicable.

9.5 (1% aqueous solution)

SPECIFIC GRAVITY 20°C: (WATER =1) 0.85-1.1
SOLUBILITY IN WATER (%) >10% wiw
COEFFICIENT OF WATER/OIL DIST.: Not Available
VOC.: None
CHEMICAL FAMILY: Detergent

Rev 1
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SECTION 10 - STABILITY and REACTIVITY

STABILITY: Product is stable

DECOMPOSITION PRODUCTS: When heated to decomposition this product produces Oxides of carbon (COx)
MATERIALS WITH WHICH SUBSTANCE IS INCOMPATIBLE: Strong acids and strong oxidizing agents.
HAZARDOUS POLYMERIZATION: Will not occur.

CONDITIONS TO AVOID: Contact with incompatible materials and dust generation.

SECTION 11 - TOXICOLOGICAL INFORMATION
TOXICITY DATA: Toxicity data is available for mixture:

CAS# 497-19-8 LD50 Oral (Rat) 4090 mg/kg
CAS# 497-19-8 LD50 Oral (Mouse) 6600 mg/kg
CAS# 497-19-8 LC50 Inhalation 2300 mg/m3 2H
(Rat)

CAS# 497-19-8 LC50 Inhalation 1200 mg/m3 2H
(Mouse)

CAS# 7758-29-4 LD50 Oral (Rat) 3120 mg/kg
CAS# 7758-29-4 LD50 Oral 3100 mg/kg
(Mouse)

CAS# 7722-88-5 LD50 Oral (Rat) 4000 mg/kg
SUSPECTED CANCER AGENT: None of the ingredients are found on the following lists: FEDERAL OSHA Z LIST, NTP,
CAL/OSHA, IARC and therefore is not considered to be, nor suspected to be a cancer-causing agent by these agencies.
IRRITANCY OF PRODUCT: Contact with this product can be irritating to exposed skin, eyes and respiratory system.
SENSITIZATION OF PRODUCT: This product is not considered a sensitizer.
REPRODUCTIVE TOXICITY INFORMATION: No information concerning the effects of this product and its components on
the human reproductive system.

SECTION 12 - ECOLOGICAL INFORMATION

ALL WORK PRACTICES MUST BE AIMED AT ELIMINATING ENVIRONMENTAL CONTAMINATION.
ENVIRONMENTAL STABILITY: No Data available at this time.
EFFECT OF MATERIAL ON PLANTS or ANIMALS: No evidence is currently available on this product’s effects on plants or animals.

EFFECT OF CHEMICAL ON AQUATIC LIFE: No evidence is currently available on this product’s effects on aquatic life.

SECTION 13 - DISPOSAL CONSIDERATIONS

PREPARING WASTES FOR DISPOSAL: Waste disposal must be in accordance with appropriate Federal, State, and local
regulations, those of Canada, Australia, EU Member States and Japan.

SECTION 14 - TRANSPORTATION INFORMATION

US DOT; IATA; IMO; ADR:
THIS PRODUCT IS NOT HAZARDOUS AS DEFINED BY 49 CFR 172.101 BY THE U.S. DEPARTMENT OF TRANSPORTATION.
PROPER SHIPPING NAME: Non-Regulated Material
HAZARD CLASS NUMBER and DESCRIPTION: Not Applicable
UN IDENTIFICATION NUMBER: Not Applicable
PACKING GROUP: Not Applicable.
DOT LABEL(S) REQUIRED: Not Applicable
NORTH AMERICAN EMERGENCY RESPONSE GUIDEBOOK NUMBER (2004): Not Applicable
MARINE POLLUTANT: None of the ingredients are classified by the DOT as a Marine Pollutant (as defined by 49 CFR
172.101, Appendix B)
U.S. DEPARTMENT OF TRANSPORTATION (DOT) SHIPPING REGULATIONS:
This product is not classified as dangerous goods, per U.S. DOT regulations, under 49 CFR 172.101.
TRANSPORT CANADA, TRANSPORTATION OF DANGEROUS GOODS REGULATIONS:
This product is not classified as Dangerous Goods, per regulations of Transport Canada.
INTERNATIONAL AIR TRANSPORT ASSOCIATION (IATA):
This product is not classified as Dangerous Goods, by rules of IATA:
INTERNATIONAL MARITIME ORGANIZATION (IMO) DESIGNATION:
This product is not classified as Dangerous Goods by the International Maritime Organization.
EUROPEAN AGREEMENT CONCERNING THE INTERNATIONAL CARRIAGE OF DANGEROUS GOODS BY ROAD (ADR):
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This product is not classified by the United Nations Economic Commission for Europe to be dangerous goods.

SECTION 15 - REGULATORY INFORMATION

UNITED STATES REGULATIONS

SARA REPORTING REQUIREMENTS: This product is not subject to the reporting requirements of Sections 302, 304 and 313 of
Title 11l of the Superfund Amendments and Reauthorization Act., as follows: None

TSCA: All components in this product are listed on the US Toxic Substances Control Act (TSCA) inventory of chemicals.
SARA 311/312:
Acute Health: Yes Chronic Health: No Fire:  No Reactivity: No
U.S. SARA THRESHOLD PLANNING QUANTITY: There are no specific Threshold Planning Quantities for this product. The

default Federal MSDS submission and inventory requirement filing threshold of 10,000 Ib (4,540 kg) may apply, per 40 CFR
370.20.

U.S. CERCLA REPORTABLE QUANTITY (RQ): None
CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT (PROPOSITION 65): None of the ingredients are on
the California Proposition 65 lists.

CANADIAN REGULATIONS:

CANADIAN DSL/NDSL INVENTORY STATUS: All of the components of this product are on the DSL Inventory

CANADIAN ENVIRONMENTAL PROTECTION ACT (CEPA) PRIORITIES SUBSTANCES LISTS: No component of this product is
on the CEPA First Priorities Substance Lists.

CANADIAN WHMIS CLASSIFICATION and SYMBOLS: This product is categorized as a Controlled Product, Hazard Class D2B as
per the Controlled Product Regulations

EUROPEAN ECONOMIC COMMUNITY INFORMATION:

EU LABELING AND CLASSIFICATION:
Classification of the mixture according to Regulation (EC) No1272/2008. See section 2 for details.

AUSTRALIAN INFORMATION FOR PRODUCT:

AUSTRALIAN INVENTORY OF CHEMICAL SUBSTANCES (AICS) STATUS: All components of this product are listed on the AICS.
STANDARD FOR THE UNIFORM SCHEDULING OF DRUGS AND POISONS: Not applicable.

JAPANESE INFORMATION FOR PRODUCT:

JAPANESE MINISTER OF INTERNATIONAL TRADE AND INDUSTRY (MITI) STATUS: The components of this product are not
listed as Class | Specified Chemical Substances, Class Il Specified Chemical Substances, or Designated Chemical Substances by
the Japanese MITI.

INTERNATIONAL CHEMICAL INVENTORIES:

Listing of the components on individual country Chemical Inventories is as follows:

Asia-Pac: Listed
Australian Inventory of Chemical Substances (AICS): Listed
Korean Existing Chemicals List (ECL): Listed
Japanese Existing National Inventory of Chemical Substances (ENCS): Listed
Philippines Inventory if Chemicals and Chemical Substances (PICCS): Listed
Swiss Giftliste List of Toxic Substances: Listed
U.S. TSCA: Listed

SECTION 16 - OTHER INFORMATION

PREPARED BY: Paul Eigbrett Global Safety Management, 10006 Cross Creek Blvd. Suite 440, Tampa, FL 33647
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Disclaimer: To the best of Alconox, Inc. knowledge, the information contained herein is reliable and accurate as of this date;
however, accuracy, suitability or completeness is not guaranteed and no warranties of any type either express or implied are
provided. The information contained herein relates only to this specific product.

ANNEX:

IDENTIFIED USES OF ALCONOX® AND DIRECTIONS FOR USE

Used to clean: Healthcare instruments, laboratory ware, vacuum equipment, tissue culture ware, personal protective
equipment, sampling apparatus, catheters, tubing, pipes, radioactive contaminated articles, optical parts, electronic
components, pharmaceutical apparatus, cosmetics manufacturing equipment, metal castings, forgings and stampings,
industrial parts, tanks and reactors. Authorized by USDA for use in federally inspected meat and poultry plants. Passes
inhibitory residue test for water analysis. FDA certified.

Used to remove: Soll, grit, grime, buffing compound, slime, grease, oils, blood, tissue, salts, deposits, particulates,
solvents, chemicals, radioisotopes, radioactive contaminations, silicon oils, mold release agents.

Surfaces cleaned: Corrosion inhibited formulation recommended for glass, metal, stainless steel, porcelain, ceramic,
plastic, rubber and fiberglass. Can be used on soft metals such as copper, aluminum, zinc and magnesium if rinsed
promptly. Corrosion testing may be advisable.

Cleaning method: Soak, brush, sponge, cloth, ultrasonic, flow through clean-inplace. Will foam—not for spray or
machine use.

Directions: Make a fresh 1% solution (2 1/2 Tbsp. per gal., 1 1/4 oz. per gal. or 10 grams per liter) in cold, warm, or
hot water. If available use warm water. Use cold water for blood stains. For difficult soils, raise water temperature and
use more detergent. Clean by soak, circulate, wipe, or ultrasonic method. Not for spray machines, will foam. For
nonabrasive scouring, make paste. Use 2% solution to soak frozen stopcocks. To remove silver tarnish, soak in 1%
solution in aluminum container. RINSE THOROUGHLY—preferably with running water. For critical cleaning, do final or
all rinsing in distilled, deionized, or purified water. For food contact surfaces, rinse with potable water. Used on a wide
range of glass, ceramic, plastic, and metal surfaces. Corrosion testing may be advisable.
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The Clorox Company
1221 Broadway

Oakland, CA 94612

Tel. (510) 271-7000

D
N

Material Safety
Data Sheet

| Product: CLOROX REGULAR-BLEACH

Description:

CLEAR, LIGHT YELLOW LIQUID WITH A CHARACTERISTIC CHLORINE ODOR

Other Designations

Distributor

Emergency Telephone Nos.

Clorox Bleach
EPA Reg. No. 5813-50

Clorox Sales Company
1221 Broadway
Oakland, CA 94612

For Medical Emergencies call:
(800) 446-1014
For Transportation Emergencies Chemtrec
(800) 424-9300

Il Health Hazard Data

Il Hazardous Ingredients

DANGER: CORROSIVE. May cause severe irritation or damage to eyes and
skin. Vapor or mist may irritate. Harmful if swallowed. Keep out of reach of
children.

Some clinical reports suggest a low potential for sensitization upon exaggerated
exposure to sodium hypochlorite if skin damage (e.g., irritation) occurs during
exposure. Under normal consumer use conditions the likelihood of any adverse
health effects are low.

Medical conditions that may be aggravated by exposure to high concentrations
of vapor or mist: heart conditions or chronic respiratory problems such as
asthma, emphysema, chronic bronchitis or obstructive lung disease.

FIRST AID:

Eye Contact: Hold eye open and rinse with water for 15-20 minutes. Remove
contact lenses, after first 5 minutes. Continue rinsing eye. Call a physician.

Skin Contact: Wash skin with water for 15-20 minutes. If irritation develops, call
a physician.

Ingestion: Do not induce vomiting. Drink a glassful of water. [f irritation
develops, call a physician. Do not give anything by mouth to an unconscious
person.

Inhalation: Remove to fresh air. If breathing is affected, call a physician.

Ingredient Concentration Exposure Limit

Sodium hypochlorite 6.15% Not established
CAS# 7681-52-9

Sodium hydroxide <1% 2 mg/m*’
CAS# 1310-73-2 2 mg/m”

'ACGIH Threshold Limit Value (TLV) - Ceiling

“OHSA Permissible Exposure Limit (PEL) — Time Weighted Average (TWA)

None of the ingredients in this product are on the IARC, NTP or OSHA
carcinogen lists.

IV Special Protection and Precautions

V Transportation and Regulatory Data

No special protection or precautions have been identified for using this product
under directed consumer use conditions. The following recommendations are
given for production facilities and for other conditions and situations where there
is increased potential for accidental, large-scale or prolonged exposure.

Hyagienic Practices: Avoid contact with eyes, skin and clothing. Wash hands
after direct contact. Do not wear product-contaminated clothing for prolonged
periods.

Engineering Controls: Use general ventilation to minimize exposure to vapor or
mist.

Personal Protective Equipment: Wear safety glasses. Use rubber or nitrile
gloves if in contact liquid, especially for prolonged periods.

KEEP OUT OF REACH OF CHILDREN

DOT/IMDG/IATA - Not restricted.

EPA - SARA TITLE llII/CERCLA: Bottled product is not reportable under
Sections 311/312 and contains no chemicals reportable under Section 313.
This product does contain chemicals (sodium hydroxide <0.2% and sodium
hypochlorite <7.35% ) that are regulated under Section 304/CERCLA.

TSCA/DSL STATUS: All components of this product are on the U.S. TSCA
Inventory and Canadian DSL.

VI Spill Procedures/Waste Disposal

VIl Reactivity Data

Spill Procedures: Control spill. Containerize liquid and use absorbents on
residual liquid; dispose appropriately. Wash area and let dry. For spills of
multiple products, responders should evaluate the MSDS’s of the products for
incompatibility with sodium hypochlorite. Breathing protection should be worn in
enclosed, and/or poorly ventilated areas until hazard assessment is complete.

Waste Disposal: Dispose of in accordance with all applicable federal, state, and
local regulations.

Stable under normal use and storage conditions. Strong oxidizing agent.
Reacts with other household chemicals such as toilet bowl cleaners, rust
removers, vinegar, acids or ammonia containing products to produce hazardous
gases, such as chlorine and other chlorinated species. Prolonged contact with
metal may cause pitting or discoloration.

VIl Fire and Explosion Data

IX Physical Data

Flash Point: None
Special Firefighting Procedures: None

Unusual Fire/Explosion Hazards: None. Not flammable or explosive. Product
does not ignite when exposed to open flame.

BOiliNg POINt......ciiiiiiiiiie e approx. 212°F/100°C
Specific Gravity (Ha0=1) co.cucveveiicreeecceeeccie et ~1.1at70°F
Solubility IN Water .........cooiiiieeeee e complete
PH ettt ~11.4

©1963, 1991 THE CLOROX COMPANY

DATA SUPPLIED IS FOR USE ONLY IN CONNECTION WITH OCCUPATIONAL SAFETY AND HEALTH

DATE PREPARED 05/05









LIQUI-NOX

MATERIAL SAFETY DATA SHEET

Section 1 - PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME: LIQUI-NOX

GENERAL USE: Detergent Cleaner
PRODUCT DESCRIPTION: pale yellow liquid, odorless

MANUFACTURERS NAME: DATE PREPARED: October 23, 2003

Alconox, Inc Page 1 of 4
STREET ADDRESS: TELEPHONE NUMBER FOR INFORMATION

30 Glenn St. Suite 309 ++914-948-4040

CITY, STATE, ZIP, COUNTRY EMERGENCY TELEPHONE NUMBER

White Plains, NY 10603 USA CHEM-TEL (800) 255-3924 Outside USA ++813-248-0573
DISTRIBUTOR NAME: same unless filled in

STREET ADDRESS: TELEPHONE NUMBER FOR INFORMATION

CITY, STATE, ZIP, COUNTRY EMERGENCY TELEPHONE NUMBER

SECTION 2 -HAZARDOUS INGREDIENTS

HAZARDOUS COMPONENTS CAS # % OSHA PEL ACGIH TWA SARA RQ LBS.
By Wt ppm | mg/nT ppm | mg/nT TITLE 1l

Sodium dodecylbenzene sulfonate (a) 25155-30-0 10-30 N/E | N/E N/E | N/E 1000

(a) see Section 15 not est = not established

SECTION 3 -HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW

Mild liquid, prolonged contact may cause skin & eye irritation. Ingestion may cause gastric distress

POTENTIAL HEALTH EFFECTS

INHALATION: None expected, however, certain individuals may be sensitized and experience minor nausea or headaches.

SKIN: None expected, however, prolonged contact may cause irritation

EYES: Contact with eyes may cause irritation.

INGESTION: May cause gastric distress, vomiting and diarrhea.

CARCINOGENICITY NTP? No IARC (MONOGRAPHS)? No OSHA REGULATED? No
Document Name MSDSL Q.doc Effective date: 10/31/2003
Issued By Malcolm M cLaughlin Issue Date: 10/23/03

Author Malcolm McLaughlin Supercedes: L Qeumsds112202








LIQUI-NOX

MATERIAL SAFETY DATA SHEET

PRODUCT NAME: LIQUINOX Page 2 of 4

October 23, 2003
SECTION 4 — FIRST AID MEASURES

INHALATION: Remove affected person to fresh air; if symptoms persist seek medical attention.

SKIN: Remove contaminated clothing; wash affected area with soap and water; launder contaminated clothing before reuse; if irritation
persists seek medical attention.

EYES: Remove contact lenses. Flush eyes with water for 15 minutes; if irritation persists, seek medical attention

INGESTION: Give two glasses of water for dilution; DO NOT induce vomiting; see medical attention

SECTION 5 - FIRE FIGHTING MEASURES

FLASH POINT (METHOD USED) FLAMMABLE LIMITS LEL: NOT APPLICABLE UEL: NOT APPLICABLE

Non-flammable AUTOIGNITION TEMPERATURE: Not Determined | NFPA CLASS: none

GENERAL HAZARDS: Product is not considered flammable or combustible. Products of combustion include compounds of carbon, hydrogen
and oxygen, including carbon monoxide.

EXTINGUISHING MEDIA: Carbon dioxide, water, water fog, dry chemical, chemical foam,

FIRE FIGHTING PROCEDURES: Keep containers coll with water spray to prevent container rupture due to steam buildup; floor will become
slippery if material is released.

UNUSUAL FIRE AND EXPLOSION HAZARDS; None

HAZARDOUS COMBUSTION PRODUCTS: Smoke, fumes, oxides of carbon

SECTION 6 — ENVIRONMENTAL RELEASE MEASURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED: Small spills — wash to sanitary sewer with plenty of water. Large
spills - confine spill, soak up with approved absorbent, shovel product into approved container for disposal. For spills in excess of allowable
limits (RQ) notify the National Response Center (800) 424-8802; refer to CERCLA 40 CFR 302 for complete regulations concerning reporting
requirements.

SECTION 7—-HANDLING AND STORAGE

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: Keep container closed when not in use; protect containers from abuse;
protect from extreme temperatures. Keep this and other chemicals out of reach of children.

SECTION 8 - EXPOSURE CONTROLS / PERSONAL PROTECTION

ENGINEERING CONTROLS

The use of local exhaust ventilation is recommended. No other special controls are indicated.

PERSONAL PROTECTION

RESPIRATORY PROTECTION (SPECIFY TYPE): None Required

PROTECTIVE GLOVES: Recommended for general protection.

EYE PROTECTION: Recommended for general protection

OTHER PROTECTIVE CLOTHING OR EQUIPMENT: Safety eyebath nearby.

WORK/HYGENIC PRACTICES: Practice safe workplace habits. Minimize body contact with this, as well as all chemicals in general.

Document Name MSDSL Q.doc Effective date: 10/31/2003

Issued By Malcolm M cLaughlin Issue Date: 10/23/03

Author Malcolm McLaughlin Supercedes: L Qeumsds112202








LIQUI-NOX

MATERIAL SAFETY DATA SHEET

PRODUCT NAME: LIQUINOX
October 23, 2003

Page 3 of 4

SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES

VAPOR PRESSURE (MM Hg)

VAPOR DENSITY (AIR = 1)

17 mm Hg @ 20° C >1

SPECIFIC GRAVITY (WATER = 1) EVAPORATION RATE (WATER = 1)
1.083 <1

SOLUBILITY IN WATER FREEZING POINT

Complete Not Determined

BOILING POINT
212°F (100°C)

APPEARANCE AND ODOR
Pale yellow liquid, odorless

pH: PHYSICAL STATE:

8.5 Liquid

VISCOSITY VOLATILE ORGANIC COMPOUNDS (VOC)
Not Determined None

SECTION 10— STABILITY AND REACTIVITY

STABILITY UNSTABLE

STABLE XXX

CONDITIONS TO AVOID
Extreme temperatures

INCOMPATABILITY (Materials to Avoid)
Strong oxidizers, strong acids

HAZARDOUS DECOMPOSITION OR BYPRODUCTS: Decomposition will no occur if handled and stored properly. In case of fire, oxides of

carbon, hydrocarbons, fumes, and smoke may be produced.

HAZARDOUS POLYMERIZATION MAY OCCUR
WILL NOT OCCUR XXX

CONDITIONS TO AVOID
None

SECTION 11 — TOXICOLOGICAL INFORMATION

Hazardous Ingredients % CAS # LD50 of Ingredient LC50 of Ingredient
(Species and Route) (Species and Route)
Sodium dodecylbenzene sulfonate (a) 10-30 25155-30-0 Not established Not established
Mixture of all ingredients 100% N/A >5 g/kg oral rat

SECTION 12 — ECOLOGICAL INFORMATION

No data are available on the adverse effects of this material on the environment. Neither COD nor BOD data are available. Based on the
chemical composition of their product it is assumed that the mixture can be treated in an acclimatized biological waste treatment plant system
in limited quantities. However should treatment should be evaluated and approved for each specific biological system. None of the

ingredients in this mixture are classified as a Marine Pollutant.

SECTION 13 — DISPOSAL CONSIDERATIONS

WASTE DISPOSAL METHODS: Dispose of in accordance with Local, State, and Federal regulations. Products classified as non-hazardous
may become hazardous waste upon contact with other products. Refer to “40 CFR Protection of Environment Parts 260-299” for complete
waste disposal regulations. Consult your local, state, or Federal Environmental Protection Agency before disposing of any chemicals.

SECTION 14 — TRANSPORT INFORMATION

PROPER SHIPPING NAME: Not Regulated
HAZARD CLASS / Pack Group: None / None
REFERENCE: Not Applicable
IDENTIFICATION NUMBER: None
LABEL: None Required

IATA HAZARD CLASS / Pack Group: None
IMDG HAZARD CLASS: None

RID/ADR Dangerous Goods Code: None
Canadian TDG Class / Division: None
HAZARD SYMBOLS: None

Note: Transportation information provided is for reference only. Client is urged to consult CFR 49 parts 100 — 177, IMDG, IATA, EC, Canadian
TDG, and United Nations TDG information manuals for detailed regulations and exceptions covering specific container sizes, packaging and

materials and methods of shipping.

Document Name MSDSL Q.doc Effective date: 10/31/2003
Issued By Malcolm M cLaughlin Issue Date: 10/23/03
Author Malcolm McLaughlin Supercedes: L Qeumsds112202








LIQUI-NOX

MATERIAL SAFETY DATA SHEET

PRODUCT NAME: LIQUINOX

October 23, 2003 Page 4 of 4

SECTION 15 - REGULATORY INFORMATION

TSCA (Toxic Substances Control Act):
Components of this product are listed on the TSCA inventory

SARA TITLE lll (Superfund Amendments and Reauthorization Act)
311/312 Hazard Categories
None

313 Reportable Ingredients
None

CERCLA (Comprehensive Response Compensation and Liability Act)
(@) The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) has natification requirements for releases or
spills to the environment of the Reportable Quantity (RQ for this mixture = 5,000 Ibs) or greater amounts, according to 40 CFR 302

CPR (Canadian Controlled Products Regulations)
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the MSDS contains all the
information required by the Controlled products Regulations

EINECS (European Inventory of Existing Commercial Chemical Substances)
Components of this product are on the European Inventory of Existing Commercial Chemical substances

AICS (Australian Inventory of Chemical Substances)
Components of this product are on the Australian Inventory of Chemical substances

EC Risk Phrases EC Safety Phrases
S2 Keep out of reach of children

SECTION 16 — OTHER INFORMATION

No Specific Notes

HMIS HAZARD RATINGS HEALTH 1 0= insignificant 3=high
FLAMMABILITY 0 1= slight 4= extreme
REACTIVITY 0 2= moderate
PERSONAL PROTECTIVE EQUIPMENT A Safety Glasses

REVISION SUMMARY This MSDS has been revised in the following sections:

No revisions available

MSDS prepared by manufacturer

The information contained herein is believed to be accurate but is not warranted to be so. Users are
advised to confirm in advance of need that information is current, applicable and suited to the
circumstances of use. Vendor assumes no responsibility for injury to vendee or third persons
proximately caused by the material if reasonable safety procedures are not adhered to as stipulated in the
data sheet. Furthermore, vendor assumes no responsibility for injury caused by abnormal use of this
material even if reasonable safety procedures are followed.

Document Name MSDSL Q.doc Effective date: 10/31/2003

Issued By Malcolm M cLaughlin Issue Date: 10/23/03

Author Malcolm McLaughlin Supercedes: L Qeumsds112202










The MSDS format adheres to the standards and regul atory requirenents
of the United States and nay not neet regulatory requirenents
in other countries.

DuPont Page 1
Materi al Safety Data Sheet

Vi rkon(R) Aquatic
ANTECO055 Revi sed 6- DEC- 2006

Product Use

Ani mal Prenises’ Disinfectant and C eaner
Tradenames and Synonyms

"Virkon" is a registered trademark of Antec(tm Int’l Ltd.
Conpany ldentification

MANUFACTURER/ DI STRI BUTOR
DuPont Chem cal Sol utions Enterprise
1007 Market Street
W m ngton, DE 19898

PHONE NUMBERS
Product Information : 1-800-441-7515 (outside the U S.
302-774-1000)
Transport Emergency : CHEMIREC 1-800-424-9300(outside U.S.
703-527-3887)
Medi cal Emer gency . 1-800-441-3637 (outside the U. S
302-774-1000)

Conponent s

Mat eri al CAS Number %
Pot assi um Per oxynonosul f at e 70693-62-8

Sul fam c Acid 5329-14-6

Sodi um Chl ori de 7647-14-5

Uni que Label Statenents

KEEP QJT O: REACI.' O: CI_" LmEN khkhkkkhhkkkhdkhkhkkhhkxkhdkhrkhkdkhxkhhxkdkkx*k

Potential Health Effects

Skin contact with product diluted in water according to
package directions (1% solution) is not a skin irritant.
Skin contact with dry powder nmay cause skin burns or
ulceration. 1In rare cases, skin contact with dry powder nay
cause an allergic skin reaction in sensitive individuals.

Eye contact with product diluted in water according to

Print Date: 2 - 9 - 2007







ANTECO55 DuPont Page 2
Mat erial Safety Data Sheet

( HAZARDS | DENTI FI CATI ON - Cont i nued)

package directions (1% solution) is not an eye irritant. Eye
contact with dry powder may cause eye corrosion or

ul ceration. Severe eye danage nay result if not inmediately
treat ed.

I nhal ation of this product may cause nose bl eed or
irritation of the upper respiratory passages, w th coughing,
sneezing, runny nose and sore throat. G oss overexposure nay
cause ul ceration of mucous nmenbranes.

I ngestion of this product may cause gastritis, with stonmach
pai n, nausea, vomting, diarrhea, headache or weakness;
possi bly progressing to necrosis or henorrhage with gross
OVer exposur e.

Carci nogenicity Information

None of the conponents present in this naterial at concentrations
equal to or greater than 0.1%are listed by | ARC, NTP, OSHA or ACGEH
as a carcinogen.

First Aid

IF ON SKIN. Take off contam nated clothing. Rinse skin

i Mmediately with plenty of water for 15-20 minutes. Call a
Poi son Control Center or doctor for further treatnent

advi ce.

IF IN EYES: Hold eye open & rinse slowy & gently with water
for 15-20 minutes. Renpve contact lenses, if present after 5
m nutes, then continue rinsing eye. Call a Poison Control
Center or doctor for further treatnment advice.

| F I NHALED: Move person to fresh air. |If person in not
breathing call 911 or an anbul ance, then give artificia
respiration, preferably nmouth-to-nmouth, if possible. Call a
Poi son Control Center or doctor for further treatmnment

advi ce.

| F SWALLOWED: Cal | Poi son Control Center or doctor

i mediately for treatnment advice. Have person sip a gl ass
of water if able to swallow. Do not induce vomting unless
told to do so by the poison control center or doctor. Do not
gi ve anything by nouth to an unconsci ous person

Print Date: 2 - 9 - 2007







ANTECO55 DuPont Page 3
Mat erial Safety Data Sheet

Exti ngui shing Medi a
Dry Powder (Sand or Met-L-X), CO2.
Fire Fighting Instructions

Evacuate personnel to a safe area. War self-contained breathing
apparatus (SCBA) and full protective equi prment.

Saf eguar ds (Personnel)
NOTE: Revi ew FI RE FI GHTI NG MEASURES and HANDLI NG ( PERSONNEL)
sections before proceeding with clean-up. Use appropriate
PERSONAL PROTECTI VE EQUI PMENT during cl ean-up

Spill dean Up
Sweep, shovel, vacuum or scoop up into suitable containers
for disposal. Prevent powder from becom ng noist while
awai ti ng di sposal. Mist product nust be kept away from

conbustible material and stored in a nmanner that allows
suitable ventilation of the waste.

Handl i ng (Personnel)
Do not get in eyes, on skin or clothing. Avoid breathing dust.
Wash thoroughly after handling. Wsh contaninated clothing prior
to reuse.

St or age
Store in a cool, dry place.

Keep containers tightly sealed and avoid coming into contact
with noi sture.

Engi neering Controls
Use only with adequate ventilation.
Personal Protective Equi prent

EYE/ FACE PROTECTI ON

Print Date: 2 - 9 - 2007







ANTECO55 DuPont Page 4
Mat erial Safety Data Sheet

( EXPOSURE CONTROLS/ PERSONAL PROTECTI ON - Conti nued)
Wear coverall chemnical splash goggles. Additionally, wear a face
shield where the possibility exists for face contact due to
spl ashing or spraying of nmaterial.

RESPI RATORS Wear NI OSH approved respiratory protection as
appropri ate.

PROTECTI VE CLOTHI NG
Where there is potential for skin contact have avail able and wear
as appropriate inpervious gloves, apron, pants, jacket, hood and
boot s.

Exposure Cui del i nes

Appl i cabl e Exposure Linmts
Pot assi um Per oxynmonosul f at

PEL (CsHA) : None Established

TLV  (ACA H) : None Established

AEL * (DuPont) : 1 ng/nB8, 8 & 12 H. TWA
Sul fam c Acid

PEL (CsHA) : None Establi shed

TLV  (ACd H) . None Established

AEL * (DuPont) : 0.5 nmy/nm3, 8 & 12 H. TWA

1.5 mg/nB, 15 minute TWA

* AEL is DuPont’'s Acceptable Exposure Limt. Were governnentally
i nposed occupational exposure limts which are [ ower than the AEL
are in effect, such imts shall take precedence.

Physi cal Data

Boi ling Point: Deconposes on heating

Solubility in Water: 65 g/litre (8.2 oz/gallon) at 20 C/ 68 F
Form Free flow ng powder

Color: Yellow

Qdor: Faint |enobn

Specific Gravity: ~1.07

Chemical Stability

Stabl e at normal tenperatures and storage conditions.

Print Date: 2 - 9 - 2007







ANTECO55 DuPont Page
Mat erial Safety Data Sheet

(STABI LITY AND REACTIVITY - Conti nued)
I nconpatibility with Gther Materials
Inconpatiblity with strong al kalies and noisture. Wen wet
reacts slowly in solution to make snmall anount of
hypochl orous acid or hypochlorite, depending on pH
Deconposi tion
Hazar dous deconposition products are: sulfur dioxide and
chlori ne under extrene conditions if powder is allowed to
become danp through incorrect storage or |ong exposure to
t he at nosphere.
Pol yreri zati on

Pol yneri zation will not occur

Wast e Di sposa

Treatment, storage, transportation, and di sposal nmust be in
accordance with applicable Federal, State/Provincial, and Loca
regul ati ons.

Shi ppi ng I nformation

Not Regul ated as a hazardous material by DOT, |IMO, or I|IATA

U S. Federal Regul ations

TSCA I nventory Status . Listed

Addi tional Information

Antec(tm International Ltd.

A DuPont Conpany

W ndham Road

Chilton Industrial Estates

Sudbury, Suffolk, United Kingdom COLO0 2XD

Tel ephone: 44-(0)-1787-377305

5
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ANTECO55 DuPont Page 6
Mat erial Safety Data Sheet

(Conti nued)
EPA Reg. No. 71654-6

The data in this Material Safety Data Sheet relates only to the
specific material designated herein and does not relate to use in
conbi nati on with any other material or in any process.

Responsi bl e for MSDS : MsDS Coor di nat or

> . DuPont Chemical Solutions Enterprise
Addr ess : WImngton, DE 19898
Tel ephone . (800) 441-7515

This information is based upon technical information believed to be
reliable. It is subject to revision as additional know edge and
experience is gained.

End of MSDS

Print Date: 2 - 9 - 2007












Sonoran Desert, Chihuahuan Desert, and Southern Plains Networks

Groundwater Monitoring Protocol

SOP #5: Inventory, Track, and Document
Groundwater Monitoring Equipment and

Instrumentation
Version 1.00
(February 2012)
Revision History Log
Previous Revision Section and New
Version # date Author Changes made paragraph Reason for change Version #

This standard operating procedure (SOP) provides guidance on the inventory, tracking, and
documentation of equipment and instrumentation used in the implementation of the groundwater protocol.
The procedure includes two components: (1) Maintaining an updated inventory of and tracking equipment
and instrumentation location and status; and (2) Maintaining a record documenting the installed

configuration of all fielded instruments. Purchasing and deployment of equipment and instrumentation
constitute a substantial investment. Procedures included in this SOP provide the basis for network budget

planning, periodic assessment of the ability of various equipment and instrumentation types to meet
program needs, maximum efficiency in site visits, data collection and management, and maintaining

continuity as staffing changes occur.

According to Random House, Inc., equipment is defined as “anything kept, furnished, or provided for a
specific purpose,” and an instrument is defined as “a device for measuring the present value of a quantity

under observation” (wwwdictionary.com). For the purposes of this SOP, equipment includes

downloaders, cables, other accessories, and deployment hardware. Instrumentation includes water-level

sounders and sensors. In the sections below, equipment and instrumentation are at times referred to

collectively as “physical resources.”






SOP GW-5 Inventory, Track and Document Groundwater Monitoring Equipment and Instrumentation—Version 1.0

1 Inventory and Tracking of Equipment and Instrumentation

The goal of the hydrologic equipment inventory and tracking workbook spreadsheets is to maintain up-to-
date knowledge of the current and former status of all equipment and instrumentation purchased by or for
the network’s groundwater programs, from original receipt through retirement from the program,

including deployments and repairs, servicing, etc.

Table 1 lists examples of the types of equipment and instrumentation that may be used in the
implementation of the groundwater protocol and are recommended for tracking per this SOP. This list is
not intended to be comprehensive and is subject to modification at any time. There are no strict rules
about exactly which items should be tracked. In general, it is recommended that the following be tracked:

e Items whose replacement cost exceeds a predetermined limit

e Items that are a common source of malfunction (e.g., connection cables, which have been
identified as a frequent source of problems)

e Length of service of internal battery with limited lifetime to plan replacement

e Sensor warranty period

e Software subject to licensing renewal and/or version upgrade

o Critical items (track availability at each location)

Table 1. Examples of equipment, instruments, and accessories recommended for tracking.

Item

Description

Typical use

Water-level sounder

May be steel tape or electric,
various lengths and tape
configurations (has a serial
number)

Manual measurement of depth to water; may be used at
multiple parks and multiple locations

Submersible pressure and
temperature data recording
sensor

Available in different pressure
ranges; vented or unvented
(has a serial number)

Measure and record water pressure and temperature in a
single well at prescribed time intervals

Barometric pressure and
temperature recording
sensor

Nonsubmersible (has a serial
number)

Measure and record barometric pressure for compensation
of unvented submersible pressure sensor data; data from
one barometric sensor may be used to compensate data
from numerous submersible sensors depending on site
conditions

Field data downloader

Handheld portable battery
operated unit (has a serial
number)

Download data from sensors in the field, transfer to
computer in the office

Software

Various types, some licensed,
some not licensed

Required for downloading, opening and performing
barometric compensation of data from recording pressure
and temperature sensors

Instrumentation cables

Various cables, some provided
with serial numbers

Connect between sensor and computer, sensor and field
downloader, and field downloader and computer

Sensor deployment cable

Special order from supplier,

Deploy unvented submersible sensors in wells






SOP GW-5 Inventory, Track and Document Groundwater Monitoring Equipment and Instrumentation—Version 1.0

track available quantities on
hand

Because the networks operate in numerous parks, and at multiple monitored wells within some parks, the
inventory and tracking of equipment and instrumentation is key to the effective execution of the
groundwater protocol. In addition to use with the groundwater program, the inventory and tracking
system may be used for all hydrologic equipment and instrumentation as each network chooses. The
objectives of inventory and tracking are to:

e Facilitate understanding of available resources on hand and in the field
e Provide the basis for longer-term replacement planning

e Provide for efficient use and maintenance of physical resources

e Prevent duplication and loss

An Excel workbook of spreadsheets for inventory and tracking of equipment and instrumentation consists
of the following:

e An “intake” spreadsheet for each fiscal year (example provided in Appendix A).

e Separate running inventory/status spreadsheets for the network offices and for each park at which
equipment and/or instrumentation is deployed, loaned, or provided on a permanent basis
(example provided in Appendix B).

e  One or more spreadsheets as needed for tracking special situations, such as a required sensor
firmware upgrade or the calibration of water-level sounders (example provided in Appendix C)

The system follows a simple linear pathway, beginning when an item is received through a purchase,
loan, or permanent transfer. The item is recorded on the “intake” spreadsheet for that fiscal year (see
Appendix A). The information in the table (Appendix C) should be updated as QA/QC is completed and
the instrumentation is deployed or transferred to other parties. When an item recorded on an intake
spreadsheet is transferred to a park or other unit, the transfer is noted on the intake page and a
corresponding record for that item is entered on the park spreadsheet (see Appendix B). Whenever an
action relating to the deployment or function of the item occurs, a record noting the action should be
entered onto the park spreadsheet.

2 Document Installation of Groundwater Monitoring Instrumentation

Continuous recording of water-level changes involves data collection and decisions to be made prior to
the installation. The attached datasheet, “Document Groundwater Monitoring Instrumentation,” was
developed to assist in the planning and implementation of continuous field measurements of groundwater
status. Completion of this record during the planning and installation of well instrumentation provides
guidance in the selection of equipment as well as providing documentation of the equipment used,
warranty and quality control status, and method of installation. This SOP is not intended to provide
detailed guidance in the selection and installation of sensors for water-level measurement in wells. In
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addition to network and regional hydrology and Water Resources Division staff, the documents
“Instruments for Measurement of Water-Level” (Freeman et al. 2004) and “Groundwater technical
procedures of the U.S. Geological Survey Techniques and Methods 1-A1” (Cunningham and Schalk
2011) are recommended as sources for information related to the selection and deployment of sensors for
measurement of water levels in wells.

The general steps leading up to installation of sensors in wells include:

o Identify the goals and objectives for monitoring water levels at a given location. This will help guide
the location of sensors and the timing of measurements.

o Determine borehole construction details, including the physical accessibility of the well, diameter of
opening, depth of water level, casing material, and options for sensor deployment.

e Review the field folder and groundwater database entries for the location, identify/estimate the range
of water levels that are anticipated in the well, as well as any other parameters that will be required
(e.g., temperature, pressure, electrical conductivity) and any special concerns about the location (e.g.,
water supply well, contamination)

o |dentify the type of instrumentation that will best meet the monitoring goals and objectives at each
location. The networks using this SOP make wide use of submersible, unvented, self-contained
pressure transducers with data logging capability that record both water pressure and temperature, co-
located with a single barometric pressure logger at each park where these are installed. Deployment
of sensors is made using custom-ordered cable purchased by SODN and available to the CHDN and
SOPN programs on request.

e Select the instrumentation based on the physical and operational requirements of the monitoring
location, with the goal of obtaining measurements over the entire range of water levels while
minimizing error and achieving the greatest possible accuracy.

o Print and fill out the datasheet, Document Groundwater Monitoring Instrumentation (Appendix C of
this SOP).

3 Sensor Quality Assurance

Prior to deployment, all instrumentation should be quality control-tested for calibration accuracy.

Testing of pressure sensors is discussed in Freeman and others (2004). Testing of each sensor should be
conducted, with the results of testing noted in the column provided in the hydrological equipment
inventory spreadsheet.

4 Preprogramming and Deployment of Sensors

When the preferred configuration of the sensor deployment has been determined and the deployment
rigging has been assembled, details of the configuration are filled out on the Document Groundwater
Monitoring Instrumentation datasheet. These can be modified later if there are changes in the final
installation. Guidance for assembling rigging is provided at the end of this section.
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Prior to deployment, as much preprogramming as possible will be completed on each sensor in the office.
All parameters are double-checked prior to deployment. Launching of all sensors at the same time is
accomplished by synchronizing the time and date of all sensors with the same computer and programming
all of them to begin logging at a future time and date using the future start function in the Levelogger
software.

In the field, any remaining items on the Document Groundwater Monitoring Instrumentation form should
be completed, such as field calibration, GPS coordinates, etc.

5 Archiving Digital and Hardcopy Documents

A printout, preferably in Adobe Acrobat format, summarizing the final configuration of each sensor, will
be made to document details of the final programming of each sensor prior to deployment. These
printouts should be attached to the Document Groundwater Monitoring Instrumentation datasheet and put
into the respective well folder. The digital files for these should be archived in the respective well file
folder on the network server.

6 References

Cunningham, W. L., and C. W. Schalk. 2011. Groundwater technical procedures of the U.S. Geological
Survey Techniques and Methods 1-Al. 151 pages.

Freeman, L. A., M. C. Carpenter, D. O. Roenberry, J. P. Rousseau, R. Unger, and J. S. McLean. 2004.
Use of submersible pressure transducers in water-resources investigations. Chapter A of Book 8,
Instrumentation, Section A, Instruments for Measurement of Water Level. Techniques of Water-
Resources Investigations 8-A3. U.S. Geological Survey. Reston, Virginia. 52 pp.







Intake FY 2012 Equipment Tracking and Inventory

Date Received Item Description Purchas'frdoln?btamed Serial # | Purchased By Status Location/ Destination QA/QC Status/ Comments

10/1/2011 H223 satellite antenna Design Analysis na SODN installed Dec 2011 GICL West Fork installed; working OK

12/1/2012 battery Batteries Plus na SODN installed Dec 2011 GICL West Fork previous battery not holding charge

Werker WKG12-31J
1/1/2012 rechargeable gel battery Batteries Plus na SODN installed Jan 23 2012 [ MOCA Beaver Creek previous battery not holding charge
1/1/2012 Waterra foot valves (2) Solinst na SODN available for use SODN offices for water gquality sampling
100 ft tubing for use with foot
1/1/2012 valves Solinst na SODN available for use SODN offices for water quality sampling
Solinst leveloader optical
1/1/2012 cable Solinst 37621 SODN in use at ORPI ORPI replacement; orig cable causing issues
Solinst leveloader optical
1/1/2012 cable Solinst 37635 SODN available for use SODN offices replacement cable for backup
5/21/2012 Solinst levelogger edge M5 | Groundwater Software | 2005210 SODN deployed CHIR transferred to CHIR BAER
5/21/2012 Solinst levelogger edge M5 | Groundwater Software | 2009440 SODN deployed CHIR transferred to CHIR BAER
5/21/2012 Leveloader Gold Groundwater Software SODN transferred SAGU provided to SAGU staff for Rincon Creek
provided to SAGU staff for Rincon
5/21/2012 Assorted cables Groundwater Software SODN transferred SAGU Creek/Madrona/Dobe
1linuse BEOL; 1

5/21/2012 2 well caps Groundwater Software SODN spare SODN offices 1 in office; purchased for MOWE but not used
9/1/2012 Solinst levelogger edge M5 Fondriest 22008857 | CHIR BAER deployed CHIR delivered to CHIR

9/1/2012 Solinst levelogger edge M5 Fondriest 22008859 | CHIR BAER deployed CHIR delivered to CHIR

Solinst sounder 101-65 ft P1
10/2/2012 mini CHIR 31373 SODN available for use SODN offices was duplicate at CHIR-returned to SODN
10/2/2012 Leveloader download cable CHIR 39560 SODN available for use SODN offices spare, retrieved from CHIR
replaces units transferred to CHIR BAER in Aug
10/2/2012 Solinst levelogger edge M5 Fondriest 22008857 | CHIR BAER available for use SODN offices 2012; purchased by BAER Aug 2012
replaces units transferred to CHIR BAER in Aug

10/2/2012 Solinst levelogger edge M5 Fondriest 22008859 | CHIR BAER available for use SODN offices 2012; purchased by BAER Aug 2012










SAGU-SODN Equipment Inventory Tracking

Date Deployed Park Item Serial Numbers Comments

10/8/2009 SAGU Levelogger M5/F15 21043695 SAGE-Don Swann-Madrona

SAGU purchased optical reader for their use

Installed in former water supply well WSW-

4/12/2010 SAGW Levelogger Gold M30/F100 51044369 1 (kevlar cord)
4/12/2010 SAGW Barologger Gold LT F5 11043618 Hanging in chlorinator building
Rincon Creek Lunt Well; programmed at
10/27/2010 SAGE Levelogger Gold M10F30 31043763 3200 ft
11/12/2010 SAGW Levelogger Gold M30/F100 1038790 Installed in WSW-1 wire cable
2/25/2011 SAGE Levelogger Gold M10F30 1041968 Madrona Ranger Station well ~26 ft
5/1/2011 SAGE Levelogger Gold M20F65 41044293 Madrona Ranger Station well ~58 ft

removed from well at Madrona; F65 is still
in well; redeploying this unit at FOBO

10/22/2011 SAGE | Levelogger Gold M10F30 recovered & returned to SODN offices 1041968 WSW-2
recovered from WSW-1; formerly kevlar
SAGW Levelogger Gold SAGW M30F100 51044369 cord; returned to office
6/1/2012 SAGU Leveloader Gold purchased by SODN for SAGU
installed Hope Camp Well @ 50 ft; OS
3/6/2013 SAGE Levelogger Gold M5/F15 21043750 updated to 2.007; delta time=6 hr
5/10/2013 SAGW Levelogger Gold M5/F15 21037735 installed Dobe Catchment delta T=6 hr

will not connect to downloader or
computer, returned to offices with

7/10/2013 SAGW Levelogger Gold M30/F100 malfunction 1038790 barologger

removed and taken to offices with
7/10/2013 SAGW Barologger Gold LT F5 11043618 malfunctioning levelogger
7/15/2013 Levelogger Gold M30/F100 malfunction 1038790 returning to Solinst for assessment/repair

SAGU
SODN_Hydrologic_Equipment_Inventory_2013.xIsx 1 7/15/2013









Southwest Network Collaboration
Inventory and Monitoring Program

Groundwater Protocol version 1.00/SOP 6 version 1.00
Field Data Sheet: Document Groundwater Monitoring
Instrumentation

Data Sheet version 1.00

Location and Event Information

National Park Service and U.S. Fish & Wildlife Service
U.S. Department of the Interior

Page 1 of 2

Proofread by:
Copied by:
Entered by:

Verified by:

Park Code: Well ID #:

Date:

Personnel:

County:

Protocol Name: Groundwater

Protocol Version: 1.00

Installation/Programming Lead

Well ID

Barologger Location and Elevation

GPS Coordinates (NAD 83)

Total Depth of Well (ft) Casing Material/Diameter

Static Water Level (ft)

(Date/Time/Depth to Water Below Measuring Point)

Measuring Point Description

Measuring Point Stickup:

Measuring Point Elevation & Accuracy

Known Range of Water Levels (ft)

Hardware Description

Manufacturer Firmware Version

Model Serial Number

Parameters Measured & Units

Vented or Unvented?

Cable Length if integral (ft)

Pressure Range (provide units)

Accuracy of Measurements

DS_DocumentGroundwaterMonitoringInstrumentation When completed (or if found), please return to: Sonoran Desert Network

12661 E Broadway Blvd., Tucson, AZ 85748
Retain a photocopy for your records.
http://science.nature.nps.gov/im/units/sodn/aboutus.cfm
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Inventory and Monitoring Program Page 2 of 2

Purchased From/Date/Warranty

Power Source/Battery Life

Battery Status at Deployment

Data Record Capacity at Installation (how many data records will it hold?)

Quality Control Testing Conducted/Status?

Installation Record

Suspension Cable Type

Method of Attaching Hardware

Length of Suspension Cable

Depth of Sensor

Programmed Project ID:

Programmed Location:

Programmed Sampling Mode (circle two): [LINEAR or EVENT-BASED] [CONTINUOQOUS or SLATE]

Programmed Sampling Interval or Threshold

Programmed Start Date/Time/Time Zone

Programmed Recording Units

Memory Status at Deployment

Field Calibration Status

Action Items:

Attach photograph and screen capture of programmed configuration if possible.

DS_DocumentGroundwaterMonitoringInstrumentation When completed (or if found), please return to: Sonoran Desert Network
12661 E Broadway Blvd., Tucson, AZ 85748

Retain a photocopy for your records.

http://science.nature.nps.gov/im/units/sodn/aboutus.cfm








Sonoran Desert, Chihuahuan Desert, and Southern Plains Networks

Groundwater Monitoring Protocol

SOP #6: Pressure Sensor
Downloading & Maintenance

Version 1.00
(February 2012)
Revision History Log
Previous Revision Section and New
Version # date Author Changes made paragraph Reason for change Version #

This standard operating procedure (SOP) provides instructions related to the maintenance and data-
download of previously installed sensors, in particular the Solinst Levelogger Gold (pre-2011) or Solinst
Levelogger Edge (post-2011) recording pressure transducers and/or the Solinst Barologger Gold (pre-
2012) or Solinst Barologger Edge (post-2011). This guidance also generally applies to other sensors from
this manufacturer, including the Levelogger Junior series and RainLoggers. These sensors were selected
as best meeting the needs of the CHDN, SODN, and SOPN for monitoring groundwater per the criteria
discussed in the groundwater protocol narrative. Similar hardware from other manufacturers is available.
The sensors are delicate instruments and must be handled with care at all times. They must not be
dropped or subjected to shock, hard vibration, harsh chemicals, high temperatures, or freezing.

IMPORTANT: Data from sensors should always be downloaded and barometrically compensated using
the same version of software that was used to program the data collection. Binary data files from sensors
operating with firmware 2.007 or higher are not compatible with the corresponding files from sensors
operating with earlier firmware versions for the purposes of barometric compensation. It is imperative
that all sensors at a park (including the barometric pressure sensor) be operating on compatible firmware.
All should be operating with either firmware 2.006 or earlier, or all should be operating with firmware

2.007 or later. Upgraded firmware versions are available on the Solinst website and can be installed using

Levelogger software version 4.x. Consult the website technical support and Solinst technical support
(800-661-2023) for guidance as needed. Refer to current Solinst technical guidance, manuals and
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software updates for guidance on operation, maintenance and upgrades at links from
http://www.solinst.com/.

1 Preparation

1. Assemble necessary equipment (Appendix A). This will consist of either:

a. Field download hardware: Solinst Leveloader Gold (Photograph 1) with sensor
connection cables, fully charged batteries and Solinst Leveloader User Guide. Keep a
spare (duplicate) cable on hand for connecting between the sensor and the Leveloader.
Experience has shown that the cables sometimes fail, making it impossible to complete
the download. Cables should be handled carefully and stored and transported in a
protected environment. The prong on the end of the optical read cable can break off,
making the cable unusable, and the cable can be damaged by twisting. Figure 1 illustrates
the proper method for handling the communication cable. Check and update the
programmed time on the Leveloader as needed. Keep in mind that loggers are
programmed and manual measurements are recorded in keeping with standard time only
(no daylight savings).

Photograph 1. Downloading data in the field using a Leveloader.



http://www.solinst.com/



OR
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When removing a Direct Read Cable from a Levelogger, ensure you only
twist the coupling. To avoid possible damage, do not twist the strain relief
on the Direct Read Cable.

Figure 11-6 Proper way to remove a Direct Read Cable from a Levelogger

Page 46

Figure 1. Method for attaching and detaching Levelogger from download cable.

b. Alternative download hardware: Laptop or tablet with correct date and time. Laptop will
have a current version of the compatible Solinst Levelogger software installed and a copy
of the Levelogger User Guide, which includes information about both the hardware and
software and includes the Quick Start Guide. The Solinst optical communication reader
accessory is required for downloading sensors directly to the computer (shown in
Photograph 2).
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Sensor

Photograph 2. The optical reader connects sensor with computer for downloading and programming.

AND

2. Materials listed in SOP GW-2 and SOP GW-3. Photographs 3 and 4 show examples of large and
small empty reels, each fitted with a stainless steel locking carabiner and optional security
lanyard. A reel is used to recover all but very shallowly deployed sensors. Use of a reel reduces
the potential for kinking, tangling, and contamination of the cable by materials on the ground
surface. The locking carabiner may be outfitted with a short cable security lanyard (shown in
Photograph 5), having a hook on one end and attached to the reel on the other as shown in the
photographs. Photograph 6 provides an example of the recommended assembly for the top and
bottom ends of the deployment cable. The smaller hooks are used at the bottom because only the
smallest size fits inside the ring on the sensor cap. The larger hooks are used at the top end for
ease of handling. Stainless steel hardware is used exclusively.
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/( Locking carabiner

.

Photograph 3. Empty reel for recovering deployed sensor, fitted with locking carabiner.

Photograph 4. Large reel with optional security lanyard.
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Photograph 5. Small reel with security lanyard.

Photograph 6. Security lanyard.

Prior to going to the field, personnel should program and practice downloading Solinst Levelogger
sensors in the office using both of the methods above.
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2 Downloading the Sensors

Note on timing: Field staff should make every effort to complete data downloading and return the sensor
to the well in the time period between data collection by the sensor. Because the water level in the well
will undergo a small adjustment when the sensor is removed and redeployed, it is best to either reel up the
sensor soon after the last data point is collected, or return the sensor to the well and allow some time for
equilibration (30 minutes to 1 hour) before the next data point will be collected. For example, if the sensor
is programmed to record at 6 AM, 12 noon, 6 PM, and midnight, it would be best to download and
redeploy sensors between about 6:30 and 11 AMm, or 12:30-5 PM, or 6:30-11 PMm.

1. Open the well access and locate the sensor deployment cable assembly hook attached to the
eyebolt (Photograph 7). The water-level sensor is deployed at the lower end of this cable. In some
cases, a barometric pressure sensor will also be deployed within the same well on a separate cable
above the water table. Pay close attention to how the cable is secured to the casing.

Wire rope cable (1) with snap hook (2), saddle wire
rope clips (3), wire rope thimble (4) and swage sleeve
(5) (all parts are stainless steel except for the polyester
cable cover)

Photograph 7. Sensor deployment cable assembly. Use 3/8-inch hooks for sensor end
(Baron Mfg Co #249S-0) and %-inch or larger hooks for top end (Baron Mfg Co #249S-1).
All hardware is stainless steel.
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In order to download the data, it is necessary to raise the cable to remove the sensor from the
well. Typically, an empty reel fitted with a locking carabiner and optional security lanyard will be
needed for this operation (see Photographs 3 and 4). Before detaching the sensor-deployment
cable from the eyebolt inside the well, attach the hook on the security lanyard to the ring below
the hook on the top end of the deployment cable. If no security lanyard is present, wrap the cable
around one hand and grip securely, then release the hook from the eyebolt with the other hand
and immediately attach the hook to the carabiner on the empty reel (Photographs 8 and 9).The
cable should be uniformly spooled onto the reel in a smooth action, avoiding abrasion, kinking, or
tangling and maintaining the cable and sensor in the center of the well casing. Field staff should
always be aware of and avoid any actions that may abrade or otherwise damage the sensor or the
deployment cable, or have the potential to impact the final deployment depth of the sensor. It is
important that the sensor is deployed at the same level as previously installed when it is returned
to the well. The manual water level reading is used in combination with the pressure reading on
the sensor to determine the actual sensor depth following each deployment.

eyebolt

Deployment
cable top hook

‘ ;(
Measuring
point mark

Photograph 8. View of uppermost end of deployed sensor cable inside well.
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Photograph 9. Sensor recovery reel with deployment cable.
Note top hook securely attached to carabiner.

When the sensor is recovered, hold the sensor and downloader away from the well opening. Wipe
the sensor communication port clean and dry, and gently set to rest on a clean, soft surface, such
as a bandana (Photograph 10). To download the sensor, follow the steps provided in the user
manual or quick-start guide for the download method being used (Leveloader or optical reader
with laptop). When using the Leveloader, align and join the sensor and communication cables
without twisting the communication cable or the logger (see Figure 1). Twist only the connector
fitting, never the sensor or the cable, when securing the communication connection.
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Photograph 10. Electric sounder (left), reel with cable and sensor (right).

Download the data as described in the manufacturer’s instructions. The sensor is to be
programmed so that the data filename will include the serial number of the sensor and well
identification, and the date of the download, such as “1032880_SX1 20090706.lev” or
“1062358 WSW-1 20120514.xle”.

Review the data on the downloader to verify that the date and time are correct, that the schedule
of data collection is correct, and that the data record is complete to the most recent scheduled
collection time.
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6.
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Following the download, note the information provided about the battery status of the sensor and
the remaining memory space on the sensor. Make a note of these on the field data sheet
(Appendix B) in the space provided. If the sensor is programmed for continuous (wrap-around)
data collection, full or nearly-full memory status is not a concern. If the sensor is programmed as
“Slate”, data collection will stop when the memory is full. In this case, the sensor memory will
need to be cleared following a complete download of all data if the sensor memory may fill
before the next site visit. Programming sensors for continuous data collection is the default used
for this protocol, but slate collection may be best in special situations.

3 Manual Water-Level Measurement

1.

Following SOP GW-3, complete and record a depth-to-water measurement.

4 Sensor Maintenance

1.

Levelogger and barologger maintenance needs are described in the respective user guides. In
general, maintenance requirements are focused on keeping the sensor pressure and the
communication ports clean and free of obstruction. Dropping or otherwise impacting the sensor
may cause the unit to go out of calibration or to cease working entirely.

There is an O-ring between the cap and the sensor body that should be lubricated lightly with O-
ring grease occasionally. Care should be taken not to use excess grease as this could result in
grease migration and corruption of the sensor or its communication ports. Food-grade grease is
suitable for this application.

5 Sensor Redeployment

1.

Redeploy the sensor by securing the cap (secure, but do not over-tighten) and gently lowering it
into the well. Before releasing the cable, take care to reattach the cable suspension hook to the
eyebolt securely. The hook and cable should be in the same position as they were prior to the
visit. After securing, gently jiggle the sensor deployment cable to remove any kinks.

If there is a barologger in the well, repeat the steps above. If the barologger is located elsewhere,
be sure to download the barologger before leaving the park.

Record any notable observations about the well, the site, the sensors, or needs for the next site
visit on the water level data sheet.

Secure the well and well site. If there is a lock exposed to the elements, lubricate the lock
mechanism regularly, using a lubricant such as Tri-Flow Industrial Lubricant (non-aerosol). Read
the Material Safety Data Sheet (Appendix C) and avoid bare skin contact or breathing of fumes of
any product that includes hazardous substances.

Notify park when leaving.
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6 Back in the Office

Once arriving back in the office, all downloaded data should be transferred from the Leveloader or the
field computer and stored in the server location designated by the groundwater program lead. Once the
downloaded files have been transferred to the server and verified that they are usable (open, compensate,
export as *.csv files), all files stored on the downloader should be deleted from the Leveloader memory.

Data processing of manual depth-to-water data should follow procedures detailed in SOP GW-7.
Equipment should be cleaned, maintained, and stored in the appropriate location. Following each site visit
or other data collection event, update the groundwater project tracking spreadsheet,
XXXX_Groundwater_Project_Tracking.xlIsx, where XXXX is the respective network acronym.

12





SOP GW-6 Pressure Sensor Downloading & Maintenance

Appendix A. Equipment List

Equipment Location Pre-Trip Post-Trip
Review for
completeness, add
Water Level Data sheet(s) Server Print notes, copy and
archive paper
datasheets
Obtain keys from park
staff Notify staff of Return keys to

Key(s) to well caps/gate codes

Gate codes are in well
folders

upcoming visit

storage location

Well field folder(s)

Groundwater folders in
fire proof safe

Review notes from
last site visit

Add notes
regarding current

visit

Printout of last two years of raw depth-
to-water data for all wells to be visited

Groundwater database

Printout and put with

water level data
sheets

OK to discard

Water level sounder or steel tape

Park/Network offices

Verify it is clean and
disinfected per SOP
GW-4

Clean and return
to storage

Empty reel with carabiner and optional
security lanyard

Park/Network offices

Verify it is clean and
disinfected per SOP
GW-4

Clean and return
to storage

Leveloader with sensor download cable
(and spare cable); Cable for moving files
to computer from downloader is needed
in office

OR

Portable computer with Levelogger
software installed (version compatible
with sensors)

Optical cable for connecting sensor with
laptop/notebook

AND

User’s Guides as needed

Park/Network offices

Assemble, check for
battery status and
functionality

Clean, repair, etc.
as needed; Return
to storage
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Equipment Location Pre-Trip Post-Trip

Tool Bag

Waterproof pen & data sheet,
permanent marker

Slip joint pliers or channel lock pliers
Screw drivers, assorted fixed size
wrenches

Lock lubricant & O-ring grease
Cloth, paper towels Park/Network offices Check inventory Restock as needed
Tape measure

Spare batteries (9 volt)
Flashlight, batteries
Small mirror

Field gloves

Clean plastic bags (large)

Download points
taken and clear/

GPS unit (optional) Park/Network offices Load park maps ]
document with
metadata
Download photos,

Charge battery and document and

Camera (optional) Park/Network offices check for space on move to

memory card appropriate

folders
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Groundwater Protocol version 1.00/SOP 6 version 1.00
Field Data Sheet: Document Groundwater Monitoring
Instrumentation

Data Sheet version 1.00

Location and Event Information

National Park Service and U.S. Fish & Wildlife Service
U.S. Department of the Interior

Page 1 of 2

Proofread by:
Copied by:
Entered by:

Verified by:

Park Code: Well ID #:

Date:

Personnel:

County:

Protocol Name: Groundwater

Protocol Version: 1.00

Installation/Programming Lead

Well ID

Barologger Location and Elevation

GPS Coordinates (NAD 83)

Total Depth of Well (ft) Casing Material/Diameter

Static Water Level (ft)

(Date/Time/Depth to Water Below Measuring Point)

Measuring Point Description

Measuring Point Stickup:

Measuring Point Elevation & Accuracy

Known Range of Water Levels (ft)

Hardware Description

Manufacturer Firmware Version

Model Serial Number

Parameters Measured & Units

Vented or Unvented?

Cable Length if integral (ft)

Pressure Range (provide units)

Accuracy of Measurements

DS_DocumentGroundwaterMonitoringInstrumentation When completed (or if found), please return to: Sonoran Desert Network

12661 E Broadway Blvd., Tucson, AZ 85748
Retain a photocopy for your records.
http://science.nature.nps.gov/im/units/sodn/aboutus.cfm
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Purchased From/Date/Warranty

Power Source/Battery Life

Battery Status at Deployment

Data Record Capacity at Installation (how many data records will it hold?)

Quality Control Testing Conducted/Status?

Installation Record

Suspension Cable Type

Method of Attaching Hardware

Length of Suspension Cable

Depth of Sensor

Programmed Project ID:

Programmed Location:

Programmed Sampling Mode (circle two): [LINEAR or EVENT-BASED] [CONTINUOQOUS or SLATE]

Programmed Sampling Interval or Threshold

Programmed Start Date/Time/Time Zone

Programmed Recording Units

Memory Status at Deployment

Field Calibration Status

Action Items:

Attach photograph and screen capture of programmed configuration if possible.

DS_DocumentGroundwaterMonitoringInstrumentation When completed (or if found), please return to: Sonoran Desert Network
12661 E Broadway Blvd., Tucson, AZ 85748

Retain a photocopy for your records.

http://science.nature.nps.gov/im/units/sodn/aboutus.cfm









LN
[
ﬁ 2

Material Safety Data Sheet Index October 2000
\/@ Click on a product nanme to junp If you can’t find your MSDS,
to the proper MSDS page. call (216) 566-2902

TRI-FLOW ™ Industrial Lubricant with Teflon® (Non-Aerosol)
TRI-FLOW ™ Industrial Lubricant With Teflon® (Aerosol)

TRI-FLOW ™ Synthetic Food Grade Grease (Non-Aerosol)

TRI-FLOW ™ Synthetic Food Grade Oil

TRI-FLOW ™ Synthetic Grease With Teflon® (Aerosol)
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Material Safety Data Sheet

TF- FG GREASE

2000

MANUFACTURER S NAME EVMERGENCY TELEPHONE NO.
THE SHERW N- W LLI AMS COVPANY (216) 566-2917
Consunmer Group - Industrial
d evel and, COH 44115

DATE OF PREPARATI ON I NFORVATI ON TELEPHONE NO.
18- AUG 00 (800) 251-2486

Section 1 - Product Identification

PRODUCT NUMBERS HM S CODES

Heal t h 1

22002 22013 22022 Fl ammabi lity 1
22003 22014 22023 Reactivity 0

22004 22020 22024
22012 22021

PRODUCT NANE

TRI - FLOWM Synt heti ¢ Food Grade G ease
PRODUCT CLASS

Lubri cant

Section 2 - Hazardous Ingredients

| NGREDI ENT ACG H OsHA
CAS No. % by WI TLV  PEL UNI TS V. P.

No ingredients in this product are hazardous as defined by the
Departnent of Labor.

Section 3 - Physical Data
PRODUCT WEIGHT -- 7.43 |b./gal. EVAPORATI ON RATE -- Sl ower than Ether

SPECI FI C GRAVITY -- 0. 89 VAPOR DENSI TY -- Heavier than Air
BO LI NG PONT -- N A MELTI NG PO NT -- N. A
VOLATI LE VOLUME -- O % SOLUBILITY I N WATER -- N A
VOC (Theoretical) -- 0.00 |Ib. 0 gm (less Federally Exenpt Solvents)
Section 4 - Fire and Explosion Hazard Data
FLASH PO NT LEL UEL
>200 °F COC N. Ap. N. Ap.

FLAMMABI LI TY CLASSI FI CATI ON
Not Applicabl e
EXTI NGUI SHI NG MVEDI A
Carbon Di oxi de, Dry Chem cal, Foam
UNUSUAL FI RE AND EXPLOSI ON HAZARDS
Not Applicabl e
SPECI AL FI RE FI GHTI NG PROCEDURES
Not Applicabl e

Conti nued on page 2
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Section 5 - Health Hazard Data

ROUTES OF EXPOSURE

Exposure may be by | NHALATI ON and/or SKIN or EYE contact, depending on
conditions of use. To mnimze exposure, follow recomendati ons for proper
use, ventilation, and personal protective equipnent.
ACUTE Heal th Hazards
EFFECTS OF OVEREXPOSURE

Irritation of eyes, skin and upper respiratory system |In a confined
area vapors in high concentration may cause headache, nausea or di zzi ness.
SI GNS AND SYMPTOVS OF OVEREXPOSURE

Redness and itching or burning sensation may indi cate eye or excessive
ski n exposure.
MEDI CAL CONDI TI ONS AGCGRAVATED BY EXPOSURE

None general |y recogni zed.
EMERGENCY AND FI RST Al D PROCEDURES

I f | NHALED: If affected, renove from exposure. Restore breathing.
Keep warm and qui et.

If on SKIN: Wash affected area thoroughly with soap and water.

If in EYES Flush eyes with | arge anounts of water for 15 m nutes.

CGet nedical attention
If SWALLOWED: Get nedical attention
CHRONI C Heal th Hazards
No ingredient in this product is an | ARC, NTP or OSHA |isted carci hogen.

Section 6 - Reactivity Data

STABILITY -- Stable
CONDI TI ONS TO AVA D
None known.
| NCOVPATI BI LI TY
None known.
HAZARDOUS DECOVPCSI TI ON PRODUCTS
By fire: Carbon D oxide, Carbon Mnoxide
HAZARDOUS PCLYMERI ZATI ON
W1l not occur

Section 7 - Spill or Leak Procedures

STEPS TO BE TAKEN I N CASE MATERI AL | S RELEASED OR SPI LLED

Renmove all sources of ignition. Ventilate and renove with inert
absor bent .
WASTE DI SPOSAL METHCOD

Waste fromthis product is not hazardous as defined under the Resource
Conservati on and Recovery Act (RCRA) 40 CFR 261.

Incinerate in approved facility. Do not incinerate closed container.
Di spose of in accordance with Federal, State, and Local regul ations
regardi ng pollution.

Section 8 - Protection Information

PRECAUTI ONS TO BE TAKEN I N USE

Use only with adequate ventilation. Avoid breathing vapor and spray
mst. Avoid contact with skin and eyes. Wsh hands after using.
VENTI LATI ON

Local exhaust preferable. General exhaust acceptable if the exposure to
materials in Section 2 is maintai ned bel ow applicable exposure limts.
Refer to OSHA Standards 1910.94, 1910.107, 1910. 108.

Conti nued on page 3
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RESPI RATORY PROTECTI ON

I f personal exposure cannot be controlled bel ow applicable limts by
ventilation, wear a properly fitted organic vapor/particul ate respirator
approved by NI OSH MsSHA for protection against naterials in Section 2.
PROTECTI VE GLOVES

Required for long or repeated contact.
EYE PROTECTI ON

Wear safety spectacles with unperforated sideshields.

Section 9 - Precautions

DOL STORAGE CATEGORY

3B
PRECAUTI ONS TO BE TAKEN | N HANDLI NG AND STORI NG

Keep cont ai ner cl osed when not in use. Transfer only to approved
containers with conplete and appropriate |abeling. Do not take internally.
Keep out of the reach of children

Section 10 - Other Regulatory Information
SARA 313 (40 CFR 372.65C) SUPPLI ER NOTI FI CATI ON

CAS No. CHEM CAL/ COVMPOUND % by WI' % El enent
No ingredients in this product are subject to SARA 313 (40 CFR 372. 65C)
Supplier Notification.

TSCA CERTI FI CATI ON
All chemicals in this product are |isted, or are exenpt fromlisting,
on the TSCA I nventory.

The above information pertains to this product as currently formul at ed,
and is based on the information available at this tine. Addition of
reducers or other additives to this product may substantially alter the
conposition and hazards of the product. Since conditions of use are
out si de our control, we nmake no warranti es, express or inplied, and assune
no liability in connection with any use of this infornation.
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TF- FG GREASE- AER
2000

Material Safety Data Sheet

MANUFACTURER S NAME
THE SHERW N- W LLI AMS COVPANY
Consunmer Group - Industrial
Cl evel and, OH 44115

DATE OF PREPARATI ON

23- AUG 00
Section 1 - Product Identification
PRODUCT NUMBER

22020

PRODUCT NANME

TRI - FLON" Synt hetic Grease Wth Teflon®
PRODUCT CLASS

Aer osol Lubricant

Section 2 - Hazardous Ingredients

| NGREDI ENT
CAS No.

Pr opane 10
74-98-6

Heavy Aliphatic Napht ha. 74
68551- 20- 2

Section 3 - Physical Data

ﬁ%
|'o PERFORMANCE
PRODUCTS GROUP

Index

EMERGENCY TELEPHONE NO
(216) 566-2917

| NFORVATI ON' TELEPHONE NO.
(800) 251- 2486

HM S CODES
Heal t h 2
Fl ammabi lity 4
Reactivity 0

(Aerosol)

ACG H OSsHA
TLV  PEL UNI TS

2500 1000 PPM

Not Est abl i shed

PRCODUCT WEI GHT
SPECI FI C GRAVI TY

BA LI NG PO NT

MELTI NG PO NT
VOLATI LE VOLUME
EVAPCORATI ON RATE
VAPCR DENSI TY
SCLUBI LITY I N WATER

6. 43
0.77
<0 - 550 F
Not Avai l abl e
86 %

Faster than ether
Heavier than air
N. A

| b/ gal 770 g/l

<-18 - 287 C

VOLATI LE ORGANI C COVPOUNDS (VOC Theoreti cal)

Vol atile Wight 84.00 %
Section 4 - Fire and Explosion Hazard Data

FLASH PO NT LEL
Propellant < 0 F 0.6
EXTI NGUI SHI NG MEDI A
Carbon Di oxi de, Dry Chenical, Foam

Conti nued on page 2

Less Federally Exenpt Sol vents

UEL
9.5
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UNUSUAL FI RE AND EXPLCSI ON HAZARDS

| sol ate from heat, electrical equipnent, sparks, and open flane. C osed
contai ners may expl ode when exposed to extrenme heat. Application to hot
surfaces requires special precautions. During energency conditions
over exposure to deconposition products may cause a health hazard. Synptons
may not be immedi ately apparent. Cbtain nedical attention.
SPECI AL FI RE FI GATI NG PROCEDURES

Ful | protective equi pnment including self-contained breathi ng apparat us
shoul d be used. Water spray may be ineffective. |If water is used, fog
nozzles are preferable. Water may be used to cool closed containers to
prevent pressure build-up and possible autoignition or explosion when
exposed to extrene heat.

Section 5 - Health Hazard Data

ROUTES OF EXPOSURE

Exposure may be by | NHALATI ON and/ or SKIN or EYE contact, depending on
conditions of use. To m nim ze exposure, follow recomendations for proper
use, ventilation, and personal protective equi pment.
ACUTE Heal th Hazards
EFFECTS OF OVEREXPOSURE

Irritation of eyes, skin and respiratory system My cause nervous
system depression. Extrene overexposure may result in unconsciousness and
possi bl y deat h.
SI GNS AND SYMPTOVS COF OVEREXPOSURE

Headache, dizziness, nausea, and | oss of coordination are indications of
excessive exposure to vapors or spray m sts.

Redness and itching or burning sensation may indicate eye or excessive
skin exposure.
MEDI CAL CONDI TI ONS AGGRAVATED BY EXPOSURE

None general |y recogni zed.
EMERGENCY AND FI RST Al D PROCEDURES

I f 1 NHALED: If affected, renove from exposure. Restore breathing.
Keep warm and qui et .

If on SKIN: Wash affected area thoroughly with soap and water.
Renove contam nated cl ot hing and | aunder before re-use.

I f in EYES: Fl ush eyes with |arge anounts of water for 15 m nutes.

Get medical attention
If SWALLOAED: Never give anything by nouth to an unconsci ous person
DO NOT | NDUCE VOM TI NG G ve consci ous pati ent
several glasses of water. Seek nedical attention
CHRONI C Heal t h Hazards
No ingredient in this product is an | ARC, NTP or OSHA |isted carcinogen.
Reports have associ ated repeated and prol onged overexposure to solvents
wi th permanent brain and nervous system damage.

Section 6 - Reactivity Data

STABILITY -- Stable

CONDI TI ONS TO AVA D
None known.

| NCOVPATI BI LI TY
None known.

Conti nued on page 3
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HAZARDOUS DECOVPCSI TI ON PRODUCTS
By fire: Carbon Dioxi de, Carbon Mnoxi de HAZARDOUS PCLYNMERI ZATI ON
W1l not occur

Section 7 - Spill or Leak Procedures

STEPS TO BE TAKEN | N CASE MATERI AL | S RELEASED OR SPI LLED

Renove all sources of ignition. Ventilate and renpbve with inert
absor bent .
WASTE DI SPOSAL METHOD

Waste fromthis product may be hazardous as defined under the Resource
Conservation and Recovery Act (RCRA) 40 CFR 261.

Waste nust be tested for ignitability to determ ne the applicable EPA
hazar dous waste nunbers.

Do not incinerate. Depressurize container. Dispose of in accordance
with Federal, State, and Local regulations regarding pollution.

Section 8 - Protection Information

PRECAUTI ONS TO BE TAKEN | N USE

Use only with adequate ventilation. Avoid breathing vapor and spray
mst. Avoid contact with skin and eyes. Wsh hands after using.
VENTI LATI ON

Local exhaust preferable. General exhaust acceptable if the exposure to
materials in Section 2 is maintained bel ow applicable exposure limts.
Refer to OSHA Standards 1910. 94, 1910.107, 1910.108.
RESPI RATORY PROTECTI ON

I f personal exposure cannot be controlled below applicable imts by
ventilation, wear a properly fitted organic vapor/particul ate respirator
approved by NI OSH MSHA for protection against materials in Section 2.
PROTECTI VE GLOVES

None required for normal application of aerosol products where m ninma
skin contact is expected. For long or repeated contact, wear chem ca
resi stant gl oves.
EYE PROTECTI ON

Wear safety spectacles with unperforated sideshields.

Section 9 - Precautions
DOL STORAGE CATEGORY

1A
PRECAUTI ONS TO BE TAKEN | N HANDLI NG AND STORI NG
Keep away from heat, sparks, and open flanme. Vapors will accunul ate

readily and may ignite explosively.

During use and until all vapors are gone: Keep area ventilated - Do not
snmoke - Extinguish all flames, pilot lights, and heaters - Turn off stoves,
electric tools and appliances, and any other sources of ignition.

Consult NFPA Code. Use approved Bondi ng and G oundi ng procedures.
Contents under pressure. Do not puncture, incinerate, or expose to
tenperature above 120F. Heat from sunlight, radiators, stoves, hot water,
and other heat sources could cause container to burst. Do not take

internally. Keep out of the reach of children.
OTHER PRECAUTI ONS

Intentional m suse by deliberately concentrating and inhaling the

contents can be harnful or fatal

Conti nued on page 4
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Section 10 - Other Regulatory Information
SARA 313 (40 CFR 372.65C) SUPPLI ER NOTI FI CATI ON

CAS No. CHEM CAL/ COVPOUND % by WI' % El enent

No ingredients in this product are subject to SARA 313 (40 CFR 372.65CQ)
Supplier Notification

TSCA CERTI FI CATI ON

Al'l chemicals in this product are listed, or are exenpt fromlisting,
on the TSCA | nventory.

The above information pertains to this product as currently formnul ated,
and is based on the information available at this tinme. Addition of
reducers or other additives to this product may substantially alter the
conposi tion and hazards of the product. Since conditions of use are
outside our control, we nmake no warranties, express or inplied, and assumne
no liability in connection with any use of this information.
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Material Safety Data Sheet

TF-FG AL

2000

MANUFACTURER S NAME EMERGENCY TELEPHONE NO.
THE SHERW N- W LLI AVMS COVPANY (216) 566-2917
Consuner Group - Industrial
Cl evel and, OH 44115

DATE OF PREPARATI ON | NFORVATI ON TELEPHONE NO.
18- AUG- 00 (800) 251-2486

Section 1 - Product Identification

PRODUCT NUMBERS HM S CODES
Heal t h 2
23011 23013 Fl ammabi lity 1
23012 23014 Reactivity 0
PRODUCT NAME

TRI - FLOW" Synt heti ¢ Food G ade O |
PRODUCT CLASS

Lubri cant
Section 2 - Hazardous Ingredients
| NGREDI ENT ACA H OSHA
CAS No. % by WI TLV PEL UNITS V. P.

No ingredients in this product are hazardous as defined by the
Depart ment of Labor.

Section 3 - Physical Data
PRODUCT WEIGHT -- 7.00 Ib./gal. EVAPORATI ON RATE -- Slower than Ether

SPECI FI C GRAVITY -- 0.84 VAPOR DENSI TY -- Heavier than Air
BO LI NG PO NT -- N. A MELTI NG PO NT -- N. Ap.
VOLATILE VOLUME -- 0 % SOLUBI LI TY I N WATER -- N. Av.
VOC (Theoretical) -- 0.00 |Ib. 0 gm (less Federally Exenpt Sol vents)
Section 4 - Fire and Explosion Hazard Data
FLASH PO NT LEL UEL
>200 °F PMCC N. Ap. N. Ap.

FLAMMABI LI TY CLASSI FI CATI ON
Not Appli cabl e
EXTI NGUI SHI NG MEDI A
Carbon Di oxide, Dry Chem cal, Foam
UNUSUAL FI RE AND EXPLOSI ON HAZARDS
Not Appli cabl e
SPECI AL FI RE FI GHTI NG PROCEDURES
Not Appli cabl e

Conti nued on page 2







TF-FG AL page 2

Section 5 - Health Hazard Data

ROUTES OF EXPOSURE

Exposure nmay be by | NHALATI ON and/or SKIN or EYE contact, depending on
conditions of use. To mnimze exposure, follow recommendati ons for proper
use, ventilation, and personal protective equi pnent.
ACUTE Heal th Hazards
EFFECTS OF OVEREXPOSURE

Irritation of eyes, skin and upper respiratory system |In a confined
area vapors in high concentration nmay cause headache, nausea or di zzi ness.
SI GNS AND SYMPTOMS OF OVEREXPOSURE

Redness and itching or burning sensation nmay indicate eye or excessive
ski n exposure.
MEDI CAL CONDI TI ONS AGGRAVATED BY EXPOSURE

None generally recogni zed.
EMERGENCY AND FI RST Al D PROCEDURES

[ f | NHALED: If affected, renpbve from exposure. Restore breathing.
Keep warm and qui et.

If on SKIN Wash affected area thoroughly with soap and water.
Renove contam nated cl othing and | aunder before re-use.

I f in EYES: Flush eyes with | arge anmounts of water for 15 m nutes.

Get nedical attention.
If SWALLOWED: Get nedical attention.
CHRONI C Heal t h Hazar ds
No ingredient in this product is an I ARC, NTP or OSHA |isted carcinogen.

Section 6 - Reactivity Data

STABILITY -- Stable
CONDI TI ONS TO AVA D
None known.
| NCOVPATI BI LI TY
None known.
HAZARDOUS DECOMPQCSI TI ON PRODUCTS
By fire: Carbon Di oxi de, Carbon Monoxi de
HAZARDOUS POLYMERI ZATI ON
W11l not occur

Section 7 - Spill or Leak Procedures

STEPS TO BE TAKEN I N CASE MATERI AL |'S RELEASED OR SPI LLED

Renove all sources of ignition. Ventilate and renove with inert
absor bent .
WASTE DI SPOSAL METHOD

Waste fromthis product is not hazardous as defined under the Resource
Conservation and Recovery Act (RCRA) 40 CFR 261

Incinerate in approved facility. Do not incinerate closed container.
Di spose of in accordance with Federal, State, and Local regul ations
regardi ng pollution.

Section 8 - Protection Information

PRECAUTI ONS TO BE TAKEN I N USE
Use only with adequate ventilation. Avoid breathing vapor and spray
mst. Avoid contact wth skin and eyes. Wash hands after using.

Conti nued on page 3
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VENTI LATI ON

Local exhaust preferable. General exhaust acceptable if the exposure to
materials in Section 2 is maintai ned bel ow applicable exposure limts.
Refer to OSHA Standards 1910.94, 1910.107, 1910.108.
RESPI RATORY PROTECTI ON

| f personal exposure cannot be controlled bel ow applicable limts by
ventilation, wear a properly fitted organic vapor/particulate respirator
approved by N OSH MSHA for protection against materials in Section 2.
PROTECTI VE GLOVES

Wear gl oves which are reconmmended by gl ove supplier for protection
against materials in Section 2.
EYE PROTECTI ON

Wear safety spectacles with unperforated sideshields.

Section 9 - Precautions

DOL STORAGE CATEGORY

3B
PRECAUTI ONS TO BE TAKEN I N HANDLI NG AND STORI NG

Keep contai ner closed when not in use. Transfer only to approved
containers with conplete and appropriate |abeling. Do not take internally.
Keep out of the reach of children.

Section 10 - Other Regulatory Information
SARA 313 (40 CFR 372.65C) SUPPLI ER NOTI FI CATI ON

CAS No. CHEM CAL/ COVPOUND % by WI' % El enent
No ingredients in this product are subject to SARA 313 (40 CFR 372. 650
Supplier Notification.

TSCA CERTI FI CATI ON
All chemcals in this product are listed, or are exenpt fromlisting,
on the TSCA I nventory.

The above information pertains to this product as currently fornul ated,
and is based on the infornmation available at this tine. Addition of
reducers or other additives to this product may substantially alter the
conposition and hazards of the product. Since conditions of use are
outside our control, we nmake no warranties, express or inplied, and assune
no liability in connection with any use of this information.
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Material Safety Data Sheet

TF- FG A L- AER
2000

MANUFACTURER S NAME
THE SHERW N- W LLI AMS COVPANY
Consunmer Group - Industrial
Cl evel and, OH 44115

DATE OF PREPARATI ON
23- AUG- 00

Section 1 - Product Identification
PRODUCT NUMBER

23010

PRODUCT NAME

ﬁ%
|'o PERFORMANCE
PRODUCTS GROUP

Index

EMERGENCY TELEPHONE NO

(216) 566-2917

| NFORVATI ON TELEPHONE NO.

(800) 251- 2486

HM S CODES

Heal t h

Fl ammabi lity
Reactivity

TRI - FLON" Synthetic O Wth Teflon® (aerosol)

PRODUCT CLASS
Aer osol Lubricant

Section 2 - Hazardous Ingredients

| NGREDI ENT
CAS No.

ACG H OSsHA

TLV  PEL UNI TS

Pr opane 8
74-98-6

Heavy Aliphatic Napht ha. 68
68551- 20- 2

Section 3 - Physical Data

2500 1000 PPM

Not Est abl i shed

PRCODUCT WEI GHT
SPECI FI C GRAVI TY

BA LI NG PO NT

MELTI NG PO NT
VOLATI LE VOLUME
EVAPCORATI ON RATE
VAPCR DENSI TY
SCLUBI LITY I N WATER

6.47 |b/gal
0.78

<0 - 550 F
Not Avai l abl e
78 %

Faster than ether
Heavier than air
N. A

774 gl |

<-18 - 287 C

VOLATI LE ORGANI C COVPOUNDS (VOC Theoreti cal)
Vol atile Wight 76.41 % Less Federally Exenpt Sol vents

Section 4 - Fire and Explosion Hazard Data

FLASH PO NT LEL UEL
Propellant < 0 F 0.6 9.5
EXTI NGUI SHI NG MEDI A
Carbon Di oxi de, Dry Chenical, Foam

Conti nued on page 2
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UNUSUAL FI RE AND EXPLCSI ON HAZARDS

| sol ate from heat, electrical equipnent, sparks, and open flane. C osed
contai ners may expl ode when exposed to extrenme heat. Application to hot
surfaces requires special precautions. During energency conditions
over exposure to deconposition products may cause a health hazard. Synptons
may not be immedi ately apparent. Cbtain nedical attention.
SPECI AL FI RE FI GATI NG PROCEDURES

Ful | protective equi pnment including self-contained breathi ng apparat us
shoul d be used. Water spray may be ineffective. |If water is used, fog
nozzles are preferable. Water may be used to cool closed containers to
prevent pressure build-up and possible autoignition or explosion when
exposed to extrene heat.

Section 5 - Health Hazard Data

ROUTES OF EXPOSURE

Exposure may be by | NHALATI ON and/ or SKIN or EYE contact, depending on
conditions of use. To m nim ze exposure, follow recomendations for proper
use, ventilation, and personal protective equi pment.
ACUTE Heal th Hazards
EFFECTS OF OVEREXPOSURE

Irritation of eyes, skin and respiratory system My cause nervous
system depression. Extrene overexposure may result in unconsciousness and
possi bl y deat h.
SI GNS AND SYMPTOVS COF OVEREXPOSURE

Headache, dizziness, nausea, and | oss of coordination are indications of
excessive exposure to vapors or spray m sts.

Redness and itching or burning sensation may indicate eye or excessive
skin exposure.
MEDI CAL CONDI TI ONS AGGRAVATED BY EXPOSURE

None general |y recogni zed.
EMERGENCY AND FI RST Al D PROCEDURES

I f 1 NHALED: If affected, renove from exposure. Restore breathing.
Keep warm and qui et .

If on SKIN: Wash affected area thoroughly with soap and water.
Renove contam nated cl ot hing and | aunder before re-use.

I f in EYES: Fl ush eyes with |arge anounts of water for 15 m nutes.

Get medical attention
If SWALLOAED: Never give anything by nouth to an unconsci ous person
DO NOT | NDUCE VOM TI NG G ve consci ous pati ent
several glasses of water. Seek nedical attention
CHRONI C Heal t h Hazards
No ingredient in this product is an | ARC, NTP or OSHA |isted carcinogen.
Reports have associ ated repeated and prol onged overexposure to solvents
wi th permanent brain and nervous system damage.

Section 6 - Reactivity Data

STABILITY -- Stable

CONDI TI ONS TO AVA D
None known.

| NCOVPATI BI LI TY
None known.

Conti nued on page 3
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HAZARDOUS DECOVPCSI TI ON PRODUCTS

By fire: Carbon D oxide, Carbon Mnoxide
HAZARDOUS PCLYMERI ZATI ON

W11l not occur

Section 7 - Spill or Leak Procedures

STEPS TO BE TAKEN | N CASE MATERI AL | S RELEASED OR SPI LLED

Renove all sources of ignition. Ventilate and renpbve with inert
absor bent .
WASTE DI SPOSAL METHOD

Waste fromthis product may be hazardous as defined under the Resource
Conservation and Recovery Act (RCRA) 40 CFR 261.

Waste nust be tested for ignitability to determ ne the applicable EPA
hazar dous waste nunbers.

Do not incinerate. Depressurize container. D spose of in accordance
with Federal, State, and Local regulations regarding pollution.

Section 8 - Protection Information

PRECAUTI ONS TO BE TAKEN | N USE

Use only with adequate ventilation. Avoid breathing vapor and spray
mst. Avoid contact with skin and eyes. Wsh hands after using.
VENTI LATI ON

Local exhaust preferable. General exhaust acceptable if the exposure to
materials in Section Il is maintained bel ow applicable exposure I[imts.
Refer to OSHA Standards 1910. 94, 1910.107, 1910.108.
RESPI RATORY PROTECTI ON

I f personal exposure cannot be controlled below applicable imts by
ventilation, wear a properly fitted organic vapor/particul ate respirator
approved by NI OSH MSHA for protection against materials in Section Il
PROTECTI VE GLOVES

None required for normal application of aerosol products where m ninma
skin contact is expected. For long or repeated contact, wear chem ca
resi stant gl oves.
EYE PROTECTI ON

Wear safety spectacles with unperforated sideshields.

Section 9 - Precautions
DOL STORAGE CATEGORY

1A
PRECAUTI ONS TO BE TAKEN | N HANDLI NG AND STCORI NG
Keep away from heat, sparks, and open flanme. Vapors will accunul ate

readily and may ignite explosively.

During use and until all vapors are gone: Keep area ventilated - Do not
snmoke - Extinguish all flames, pilot lights, and heaters - Turn off stoves,
electric tools and appliances, and any other sources of ignition.

Consult NFPA Code. Use approved Bondi ng and G oundi ng procedures.
Contents under pressure. Do not puncture, incinerate, or expose to
tenperature above 120F. Heat from sunlight, radiators, stoves, hot water,
and other heat sources could cause container to burst. Do not take

internally. Keep out of the reach of children.
OTHER PRECAUTI ONS

Intentional m suse by deliberately concentrating and inhaling the

contents can be harnful or fatal

Conti nued on page 4







TF- FG O L- AER Index page 4

Section 10 - Other Regulatory Information
SARA 313 (40 CFR 372.65C) SUPPLI ER NOTI FI CATI ON

CAS No. CHEM CAL/ COVPOUND % by WI' % El enent

No ingredients in this product are subject to SARA 313 (40 CFR 372.65CQ)
Supplier Notification

TSCA CERTI FI CATI ON

Al'l chemicals in this product are listed, or are exenpt fromlisting,
on the TSCA | nventory.

The above information pertains to this product as currently formnul ated,
and is based on the information available at this tinme. Addition of
reducers or other additives to this product may substantially alter the
conposi tion and hazards of the product. Since conditions of use are
outside our control, we nmake no warranties, express or inplied, and assumne
no liability in connection with any use of this information.
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Material Safety Data Sheet

TF- LUBE

2000

MANUFACTURER S NAME EMERGENCY TELEPHONE NO.
THE SHERW N- W LLI AMS COVPANY (216) 566-2917
Consunmer Group - Industrial

d evel and, OH 44115

DATE OF PREPARATI ON I NFORVATI ON TELEPHONE NO.
23- AUG- 00 (800) 251-2486
Section 1 - Product Identification
PRODUCT NUMBER HM S CODES
Heal t h 2
22025 26020 29200 Fl ammabi lity 2
Reactivity 0
PRODUCT NAME

TRI - FLON" I ndustrial Lubricant with Tefl on® (Non- Aerosol)
PRODUCT CLASS

Lubri cant

Section 2 - Hazardous Ingredients

| NGREDI ENT ACG H OsHA
CAS No. % by WI TLV  PEL UNI TS V. P.

Heavy Aliphatic Sol vent. 29 Not Establi shed 1.00
64742-96-7

Napht henic QI. 23 5 MZ M3 as Mst 0.00
64742-63-8

Heavy Naphthenic Petroleum G 1. 2 5 5 MZMB as Mst 0.00
64742-52-5

Hi ghly refined Naphthenic Q1. 4 5 5 MZMB as Mst 0.00
64742-53-6

Heavy M neral GO l. 23 5 5 MZMB as Mst 0.10
64741-96-4

Distillates, petroleum solvent-degr. 4 5 5 MZMB as Mst 0.00
64742-65-0

2- Met hoxynet hyl et hoxypr opanol 2 100 100 PPM ( Ski n) 0. 40
34590- 94- 8 STEL 150 150 PPM ( Ski n)

Anyl Acetate. 3 100 100 PPM 4. 00

628-63-7
Barium (as Ba; total) 0.9

Conti nued on page 2
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Section 3 - Physical Data

PRODUCT WEI GHT 7.30 |b/gal 875 g/l
SPECI FI C GRAVI TY 0. 88
BO LI NG PO NT 288 - 701 F 142 - 371 C
MELTI NG PO NT Not Avail abl e
VOLATI LE VOLUME 38 %
EVAPORATI ON RATE Sl ower than ether
VAPOR DENSI TY Heavi er than air
SOLUBI LI TY I N WATER N. A
VOLATI LE ORGANI C COVPOUNDS (VOC Theoreti cal)
2.57 | b/ gal 308 g/l Less Federal ly Exenpt Sol vents
2.57 | b/ gal 308 g/l Emtted VOC
Section 4 - Fire and Explosion Hazard Data
FLASH PO NT LEL UEL
146 F TCC 0.6 7.5

FLAMVABI LI TY CLASSI FI CATI ON

Combusti bl e, Fl ash above 99 and bel ow 200 F
EXTI NGUI SHI NG MEDI A

Carbon Di oxi de, Dry Chem cal, Foam
UNUSUAL FI RE AND EXPLCOSI ON HAZARDS

Keep containers tightly closed. Isolate fromheat, electrical
equi pnent, sparks, and open flanme. C osed containers may expl ode when
exposed to extrene heat. Application to hot surfaces requires special
precautions. During emergency conditions overexposure to deconposition
products may cause a health hazard. Synptons may not be inmmedi ately
apparent. QObtain nedical attention
SPECI AL FI RE FI GHTI NG PROCEDURES

Ful | protective equi pnment including self-contained breathi ng apparat us
shoul d be used. Water spray may be ineffective. |If water is used, fog
nozzles are preferable. Water may be used to cool closed containers to
prevent pressure build-up and possible autoignition or explosion when
exposed to extrene heat.

Section 5 - Health Hazard Data

ROUTES OF EXPOSURE

Exposure may be by | NHALATI ON and/ or SKIN or EYE contact, depending on
conditions of use. To m nim ze exposure, follow recomendations for proper
use, ventilation, and personal protective equi pment.
ACUTE Heal th Hazards
EFFECTS OF OVEREXPOSURE

Irritation of eyes, skin and respiratory system My cause nervous
system depression. Extrene overexposure may result in unconsciousness and
possi bl y deat h.
SI GNS AND SYMPTOVS COF OVEREXPOSURE

Headache, dizziness, nausea, and | oss of coordination are indications of
excessive exposure to vapors or spray m sts.

Redness and itching or burning sensation may indicate eye or excessive
ski n exposure.
MEDI CAL CONDI TI ONS AGGRAVATED BY EXPOSURE

None general |y recogni zed.

Conti nued on page 3
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EMERGENCY AND FI RST Al D PRCCEDURES

[ f | NHALED: If affected, renove from exposure. Restore breathing.
Keep warm and qui et .

[f on SKIN Wash affected area thoroughly with soap and water.
Renove contam nated clothing and | aunder before re-use.

I f in EYES: Fl ush eyes with |arge anounts of water for 15 m nutes.

Get medical attention
If SWALLOWED: Get nedical attention
CHRONI C Heal t h Hazards
No ingredient in this product is an | ARC, NTP or OSHA |isted carcinogen.
Reports have associ ated repeated and prol onged overexposure to solvents
wi th permanent brain and nervous system damage.

Section 6 - Reactivity Data

STABILITY -- Stable
CONDI TI ONS TO AVA D
None known.
| NCOVPATI BI LI TY
None known.
HAZARDOUS DECOVPCSI TI ON PRODUCTS
By fire: Carbon Di oxi de, Carbon Mnoxi de, Oxides of Metals in Section |
HAZARDOUS POLYMERI ZATI ON
W1l not occur

Section 7 - Spill or Leak Procedures

STEPS TO BE TAKEN | N CASE MATERI AL | S RELEASED OR SPI LLED

Renove all sources of ignition. Ventilate and renpbve with inert
absor bent .
WASTE DI SPOCSAL METHOD

Waste fromthis product may be hazardous as defined under the Resource
Conservation and Recovery Act (RCRA) 40 CFR 261.

Waste nust be tested for extractability to determ ne the applicable EPA
hazar dous waste nunbers.

Incinerate in approved facility. Do not incinerate closed container.
Di spose of in accordance with Federal, State, and Local regul ations
regardi ng pollution.

Section 8 - Protection Information

PRECAUTI ONS TO BE TAKEN | N USE

Use only with adequate ventilation. Avoid breathing vapor and spray
mst. Avoid contact with skin and eyes. Wsh hands after using.
VENTI LATI ON

Local exhaust preferable. General exhaust acceptable if the exposure to
materials in Section Il is maintained bel ow applicable exposure Iimts.
Refer to OSHA Standards 1910. 94, 1910.107, 1910.108.
RESPI RATORY PROTECTI ON

I f personal exposure cannot be controlled below applicable imts by
ventilation, wear a properly fitted organic vapor/particul ate respirator
approved by NI OSH MSHA for protection against materials in Section Il
PROTECTI VE GLOVES

Wear gl oves which are recommended by gl ove supplier for protection
against materials in Section I1.

Conti nued on page 4
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EYE PROTECTI ON
Wear safety spectacles wth unperforated sideshields.

Section 9 - Precautions

DOL STORAGE CATEGORY
3A
PRECAUTI ONS TO BE TAKEN | N HANDLI NG AND STORI NG
Contents are COVBUSTI BLE. Keep away from heat and open fl ane.
Consult NFPA Code. Use approved Bondi ng and G oundi ng procedures.
Keep contai ner closed when not in use. Transfer only to approved
containers with conplete and appropriate |abeling. Do not take internally.
Keep out of the reach of children
OTHER PRECAUTI ONS
Intentional m suse by deliberately concentrating and inhaling the
contents can be harnful or fatal

Section 10 - Other Regulatory Information
SARA 313 (40 CFR 372.65C) SUPPLI ER NOTI FI CATI ON

CAS No. CHEM CAL/ COVPOUND % by WI' % El enent
Bari um Conpound. 3 0.9

TSCA CERTI FI CATI ON
Al'l chemicals in this product are listed, or are exenpt fromlisting,
on the TSCA | nventory.

The above information pertains to this product as currently formnul ated,
and is based on the information available at this tinme. Addition of
reducers or other additives to this product may substantially alter the
conposi tion and hazards of the product. Since conditions of use are
out side our control, we nmake no warranties, express or inplied, and assune
no liability in connection with any use of this information.
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MANUFACTURER S NAME EMERGENCY TELEPHONE NO.
THE SHERW N- W LLI AMS COVPANY (216) 566-2917
Consunmer Group - Industrial

d evel and, OH 44115

DATE OF PREPARATI ON I NFORVATI ON TELEPHONE NO.
23- AUG 00 (216) 566-2902
Section 1 - Product Identification
PRODUCT NUMBER HM S CODES
Heal t h 2
20025 20027 Fl ammabi lity 4
Reactivity 0
PRODUCT NAME

TRI - FLON" I ndustrial Lubricant Wth Tefl on® (Aerosol)
PRODUCT CLASS
Aer osol Lubri cant

Section 2 - Hazardous Ingredients

| NGREDI ENT ACG H OsHA
CAS No. % by WI TLV  PEL UNI TS V. P.
Pr opane 10 2500 1000 PPM 760. 00
74-98-6
But ane 10 800 800 PPM 760. 00
106-97-8
Heavy Aliphatic Sol vent. 24 Not Establi shed 1.00
64742-96-7
Napht henic QI. 18 5 My/ M3 as Mst 0.00
64742-63-8
Heavy Naphthenic Petroleum G| . 2 5 5 Mg/ MB as Mst 0.00
64742-52-5
Hi ghly refined Naphthenic Q1. 3 5 5 Mg/ MB as Mst 0.00
64742-53-6
Heavy M neral GO l. 19 5 5 Mg/ MB as Mst 0.10
64741-96-4
Distillates, petroleum solvent-degr. 3 5 5 Mgy MB as Mst 0.00
64742-65-0
2- Met hoxynet hyl et hoxypr opanol 2 100 100 PPM ( Ski n) 0. 40
34590-94-8 STEL 150 150 PPM ( Ski n)
Anyl Acetate. 2 100 100 PPM 4. 00
628-63-7
Barium (as Ba; total) 0.7

Conti nued on page 2
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Section 3 - Physical Data

PRODUCT WEI GHT 6.46 | b/gal 774 g/l
SPECI FI C GRAVI TY 0.78

BA LI NG PO NT <0 - 701 F <-18 - 371 C
MELTI NG PO NT Not Avail abl e

VOLATI LE VOLUME 56 %

EVAPORATI ON RATE Faster than ether

VAPCR DENSI TY Heavi er than air

SOLUBI LI TY I N WATER N. A

VOLATI LE ORGANI C COVPOUNDS (VCC Theoreti cal)
Vol atile Weight 48.20 % Less Federal ly Exenpt Sol vents

Section 4 - Fire and Explosion Hazard Data

FLASH PO NT LEL UEL

40 F TCC 0.6 9.5
EXTI NGUI SHI NG MEDI A

Carbon Di oxi de, Dry Chemi cal, Foam
UNUSUAL FI RE AND EXPLCOSI ON HAZARDS

| sol ate from heat, electrical equipnent, sparks, and open flane. C osed
contai ners may expl ode when exposed to extrenme heat. Application to hot
surfaces requires special precautions. During energency conditions
over exposure to deconposition products may cause a health hazard. Synptons
may not be imedi ately apparent. Cbtain nedical attention.
SPECI AL FI RE FI GATI NG PROCEDURES

Ful | protective equi pnment including self-contained breathi ng apparat us
shoul d be used. Water spray may be ineffective. |If water is used, fog
nozzles are preferable. Water may be used to cool closed containers to
prevent pressure build-up and possible autoignition or explosion when
exposed to extrene heat.

Section 5 - Health Hazard Data

ROUTES OF EXPOSURE

Exposure may be by | NHALATI ON and/ or SKIN or EYE contact, depending on
conditions of use. To m nim ze exposure, follow recomendations for proper
use, ventilation, and personal protective equi pment.
ACUTE Heal th Hazards
EFFECTS OF OVEREXPOSURE

Irritation of eyes, skin and respiratory system My cause nervous
system depression. Extrene overexposure may result in unconsciousness and
possi bl y deat h.
SI GNS AND SYMPTOVS COF OVEREXPOSURE

Headache, dizziness, nausea, and | oss of coordination are indications of
excessive exposure to vapors or spray m sts.

Redness and itching or burning sensation may indicate eye or excessive
ski n exposure.
MEDI CAL CONDI TI ONS AGGRAVATED BY EXPOSURE

None general |y recogni zed.

Conti nued on page 3







TF- LUBE- AER Index page 3

EMERGENCY AND FI RST Al D PRCCEDURES

[ f | NHALED: If affected, renove from exposure. Restore breathing.
Keep warm and qui et .

[f on SKIN Wash affected area thoroughly with soap and water.
Renove contam nated clothing and | aunder before re-use.

I f in EYES: Fl ush eyes with |arge anounts of water for 15 m nutes.

Get medical attention
If SWALLOWED: Get nedical attention
CHRONI C Heal t h Hazards
No ingredient in this product is an | ARC, NTP or OSHA |isted carcinogen.
Reports have associ ated repeated and prol onged overexposure to solvents
wi th permanent brain and nervous system damage.

Section 6 - Reactivity Data

STABI LITY -- Stable
CONDI TIONS TO AVA D
None known.
| NCOWPATI BI LI TY
None known.
HAZARDOUS DECOVPCSI TI ON PRODUCTS
By fire: Carbon D oxide, Carbon Mpnoxide, Oxides of Metals in Section 2
HAZARDOUS PCLYMERI ZATI ON
W11l not occur

Section 7 - Spill or Leak Procedures

STEPS TO BE TAKEN | N CASE MATERI AL | S RELEASED OR SPI LLED

Renove all sources of ignition. Ventilate and renpbve with inert
absor bent .
WASTE DI SPOCSAL METHOD

Waste fromthis product may be hazardous as defined under the Resource
Conservation and Recovery Act (RCRA) 40 CFR 261.

Waste nust be tested for ignitability and extractability to determ ne
t he applicabl e EPA hazardous waste nunbers.

Do not incinerate. Depressurize container. D spose of in accordance
with Federal, State, and Local regul ations regarding pollution.

Section 8 - Protection Information

PRECAUTI ONS TO BE TAKEN | N USE

Use only with adequate ventilation. Avoid breathing vapor and spray
mst. Avoid contact with skin and eyes. Wsh hands after using.
VENTI LATI ON

Local exhaust preferable. General exhaust acceptable if the exposure to
materials in Section 2 is maintained bel ow applicable exposure limts.
Refer to OSHA Standards 1910. 94, 1910. 107, 1910. 108.
RESPI RATORY PROTECTI ON

I f personal exposure cannot be controlled below applicable imts by
ventilation, wear a properly fitted organic vapor/particul ate respirator
approved by NI OSH MSHA for protection against materials in Section 2.
PROTECTI VE GLOVES

None required for normal application of aerosol products where m ninma
skin contact is expected. For long or repeated contact, wear chem ca
resi stant gl oves.

Conti nued on page 4
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EYE PROTECTI ON
Wear safety spectacles wth unperforated sideshields.

Section 9 - Precautions

DOL STORAGE CATEGORY

1A
PRECAUTI ONS TO BE TAKEN | N HANDLI NG AND STORI NG

Keep away from heat, sparks, and open flane.

During use and until all vapors are gone: Keep area ventilated - Do not
snmoke - Extinguish all flames, pilot lights, and heaters - Turn off stoves,
electric tools and appliances, and any other sources of ignition.

Consult NFPA Code. Use approved Bondi ng and G oundi ng procedures.
Contents under pressure. Do not puncture, incinerate, or expose to
tenperature above 120F. Heat from sunlight, radiators, stoves, hot water,
and other heat sources could cause container to burst. Do not take

internally. Keep out of the reach of children.
OTHER PRECAUTI ONS

Intentional m suse by deliberately concentrating and inhaling the

contents can be harnful or fatal

Section 10 - Other Regulatory Information
SARA 313 (40 CFR 372.65C) SUPPLI ER NOTI FI CATI ON

CAS No. CHEM CAL/ COVPOUND % by WI' % El enent
Bari um Conpound. 3 0.7

TSCA CERTI FI CATI ON
Al'l chemicals in this product are listed, or are exenpt fromlisting,
on the TSCA | nventory.

The above information pertains to this product as currently formnul ated,
and is based on the information available at this tinme. Addition of
reducers or other additives to this product may substantially alter the
conposi tion and hazards of the product. Since conditions of use are
out side our control, we nmake no warranties, express or inplied, and assune
no liability in connection with any use of this information.







			ReturnToBrandIndex: 


			ReturnToIndex: 
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This standard operating procedure (SOP) provides an overview of the procedures for processing

groundwater monitoring data. The fundamental data output from this program includes measurements of

depth to water below ground surface and water-level elevation in selected wells over time, measured both

manually and, in some locations, indirectly by water-level sensors. Water temperature is collected by the

automated water-level sensors as an adjunct to these parameters, and is also archived.

The procedures summarized here outline the steps typically followed to process groundwater data from

manual and automated measurements. Due to the wide variety of situations that can arise and cause

discrepancies in data, this process is presented here as a general guideline. There is no substitute for the
understanding of basic physical principles, formal training, understanding of site conditions, attention to
detail, and experience in the processing and interpretation of any hydrologic data.

Equipment needed for this SOP includes the hardware and software used to download and compensate
data from sensors and associated cables, a computer with access to the internet, and a copier. There is
some overlap between the sections of this SOP that refer to management of data collected by sensors and

sections of SOP GW-6, which provides guidance on downloading of sensor data. Various software is

needed, including Word, Access, Excel, and Adobe Acrobat Professional. The correct version of Solinst

Levelogger software is also required for transferring files from the Solinst downloaders and working with
the binary raw data files from Solinst sensors.
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1 Timing

Processing of groundwater data should occur promptly upon returning to the office following a
monitoring event. Data processing and interim interpretation will be conducted following each monitoring
site visit or following reception of quarterly or monthly groundwater monitoring data from park staff.
Prompt processing facilitates identification of any issues at the earliest possible time and provides the
basis for development of a brief interim report to park staff. In cases where monitoring is conducted by
ADWR, USGS, or park staff, data may be obtained by request following the end of each water year or
may be downloaded from web sites when this is an option. More frequent collection of data from these
sources may be possible and will depend on park-specific needs for more timely information.

2 Initial processing

2.1 Field datasheets

Upon return to the office, manual (raw) depth-to-water datasheets should be reviewed for accuracy and
any additional notes should be added. For purposes of this protocol, raw manual data are depth-to-water
below-measuring-point measurements that have not been corrected for tape length or measuring point
height. Notations should be provided in the data files to document changes in site conditions or sensors,
type or configuration of deployment cables, changes in measuring points, or any other relevant
information that may inform the processing and interpretation of the data.

The raw, manual, depth-to-water data should be copied into the respective
Field_Folder_Water_Level_Correction_and_Elevation datasheet for each well in the respective field
folder. Calculations to correct for sounder-tape length and measuring-point height should be completed
and entered into the datasheet, along with the calculation of water-level elevation. These records serve to
verify the records generated by the groundwater database.

The raw depth-to-water datasheets should then be copied and the originals placed in the “Unentered Data”
folder in the groundwater file drawer in the data manager’s office.

When the original datasheets are placed into the “Unentered Data” folder, copies are provided to the
groundwater protocol lead. The copies are reviewed by the groundwater protocol lead and placed into the
respective well files. In addition to providing a backup, they are used for conducting quality assurance
reviews of the database entries and for incorporating with the automated data in the master data files. The
originals are archived into the permanent files according to the data management plan following final
quality assurance at the end of the water year.

The manual data and all associated notes are then entered into the groundwater database at the server
location designated by each network.

Once the manual data are entered into the database, the original datasheets are placed into the “Entered
Data” folder in the groundwater file.
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2.2 Transfer data from fielded sensors

Data files downloaded from sensors by network staff in the field will return to the office stored on a field-
downloading handheld device, the Leveloader, or stored on a computer. Procedures for retrieving the files
from the Leveloader are described in the user manuals for the Levelogger software. Uniformity of sensor
firmware (all version 2.006 or below or all version 2.007 or above) between each levelogger and the
barologger that will be used to compensate its data is essential. In addition, the same version of software
that was used to program a logger must be used to download and process sensor data.

Raw data files from fielded sensors (leveloggers and barologgers) should be retrieved from the
Leveloader promptly upon returning to the office. The files should not be deleted from the Leveloader
until data processing has verified that the files transferred from the Leveloader are readable and complete.
However, once the raw data files are transferred and successfully processed, the Leveloader memory
should be cleared. Sensor data downloaded directly to a computer in the field is copied into the designated
network server folder as described in the following paragraph.

Raw data files from the same type of fielded sensors should be transferred to the designated folder on the
network server. The following organization of data is recommended but may be revised to meet the needs
of each network’s data manager. Downloaded data for all sensors at each park are stored in native
(binary) format on the server in folders according to date of download, as in:
Groundwater\Data_Nonspatial\Raw_Data\PARK _Data\download date in yyyy month_day (e.g., at
SODN, this is: V:\Groundwater\Data_Nonspatial\Raw_Data\CORO_Data\2010_11 19). This system
facilitates efficient barometric compensation of all files downloaded at the same time and prevents
overwriting of older files by new downloads. Manual data obtained on the download date and received in
digital format from park staff are archived in the same folder.

Data downloaded from instrumentation of other types used only for special circumstances are stored in
the PARK _Data folder under the designation of the well and type of data, in a folder named in
yyyy_month_day format (e.g., at SODN this is:
V:\Groundwater\Data_Nonspatial\Raw_Data\CORO_Data\WSW-3_In_Situ_LevelTrol\2010_11 19).

After moving downloaded files of the raw sensor data to the server and manual data into the database and
hard-copy archives, the program lead should be notified that these tasks are completed.

2.3 Barometric pressure compensation

Following the transfer of raw data from unvented sensors, it is necessary to compensate for the effects of
changes in barometric pressure on the data recorded by submersible pressure sensors deployed in wells.
The steps for performing the barometric compensation are summarized in the software user guides.
Barometric compensation procedures are significantly different between software versions 3.4.x and
4.0.x. The program lead will complete the barometric compensation for the downloaded data using the
barometric pressure data from a barometric pressure sensor located in or near the well. In general, a single
barometric pressure sensor will serve for sensors within a substantial distance; however, nearer locations
are preferred over more distant locations. The deployment elevation of the barometric pressure sensor and
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the approximate elevations of water levels in instrumented wells are required to complete accurate
compensation. Guidance for selecting a suitable barometric pressure sensor deployment location is
provided in the groundwater protocol narrative and in sensor manuals provided by the manufacturer.

Compensated data are stored in the same folder as the raw data files, in a file named to identify the well,
download date and *“_comp”, as in “X2_2012_4 26 _comp.lev” or “X2_2012_4 26_comp.xle” depending
on firmware and software versions in use. The compensated data are also exported to a file with the same
name and the “.csv” extension for importing into an Excel workbook. All of these files reside together in
the original dated folder described in the first paragraph of this section. The raw and compensated data
files should be reviewed to verify that the compensation process has completed correctly for all of the
data.

Differences in elevation between the barometric pressure readings and the water level in which the
submersible sensor is deployed affect pressures at the average rate of 1.21 ft H,O/1,000 ft elevation for
locations in the lower atmosphere below 16,400 ft (Solinst 2011). The Levelogger 4.x series software can
account for elevation differences between the barometer and the water level during the processing of raw
data when the altitude of the barologger, a reference altitude (the measuring point), and the static water
level relative to the reference altitude (negative for below the reference) are provided. Refer to the
software user manual for further details.

The Solinst Levelogger Gold series unvented sensors and Barologger Gold air pressure sensors have a
built-in atmospheric pressure adjustment of 31.17 ft H,O (i.e., these sensors report out zero pressure when
absolute pressure is 31.17 ft H,O). When firmware 2.007 or higher is loaded, differences in elevation
between these sensors must also be accounted for during the compensation processing step when using
software version 4.0.x, even if the altitude of the sensor has been programmed. Consult the user manual
or manufacturer technical support for guidance in this operation as needed. This process is repeated for
each individual Levelogger sensor. All of the raw and processed data files are permanently archived
following established network data management procedures.

3 The Master File: Data Integration, Processing, QA/QC, and Interim
Reporting

This section describes the Microsoft Excel-based approach currently implemented for groundwater data
processing. One alternative to this approach, especially where “continuous” time series data are collected
by sensors, is the use of the AQUARIUS Software by Aquatic Informatics™ Inc. for handling and
processing groundwater data. A limited number of licenses of this software are available for shared use by
NPS staff through the Water Resources Division. Evaluation of the use of AQUARIUS Software for the
processing of groundwater data is planned for the coming fiscal year.

For purposes of analysis and reporting, data from each monitoring location are assembled in a unique
“master” Excel workbook named, at SODN, as “Park Code_Well ID_Master.xlIsx,” (e.g.,
“CORO_ACA2_Master.xIsx™). The master files for each well are located in the folder designated for this
purpose by each network. Master files are designed to include all data from the site, including any sensor
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data integrated with manually collected water-level measurement data. The integration is conducted
following the verification of barometric compensation by appending all new data records, including
manual readings, in chronological order by date and time, to the existing data record in the master file.
After the initial installation of a sensor, the tape-down measurement will always fall at the end of the most
recent download when these are plotted together in the master file. When there is no manual measurement
at the time of download, the first line of the new data is highlighted to facilitate discrimination between
records downloaded and processed at different times. An example showing the basic elements of the
master Excel data worksheet is provided in Appendix A.

Continuous groundwater-level data quality control will be conducted by reviewing the integrated record
for consistency with tape-down data from the current site visit and previous records from the well. Data
processing includes the following steps:

1.

Create a master Excel workbook for each monitoring location. The workbook will have one
worksheet designated for data collected by the groundwater program. There may be other
worksheets designated for historical data or data collected by other agencies at the same location.

The basic elements of the master data worksheet are shown in Appendix A (pages of sensor data
between site visits have been deleted from the records shown in Appendix A for the sake of
brevity). For the example shown, the items in Column A originated in the compensated *.csv file
from the sensor. The data elements listed in Columns D, E, and F must be populated, as some of
these data are used in the calculations used in the worksheet. The values input in Column E must
be the same values for that location as those entered in the groundwater database metadata for the
well.

Using Excel, open the existing master file and the file of barometrically compensated water-level
data exported to “.csv” format. The barometric compensation process must be verified prior to
incorporating these data into the master file. Review the file header and body of data, comparing
data from overlapping times and dates that are present in both files for consistency. The *.csv file
will look similar to the one shown in Appendix B. Next, copy and append the new records (rows)
of the sensor data to the master file in chronological order.

If there are any changes in sensor installation or well configuration, note this in the Notes column
(Column L) to the far right of the tape-down data from the date of the change in the master file.
Replace the column with the “100 ms” heading in Appendix B (Column C) by combining the date
and time columns of the sensor records into a single value for each record (use 24-hr time format
MM/DD/YYYY HH:MM) by a simple addition of the first two columns. Reformat the cells as
needed. This step is needed for plotting.

In Column I of the manual measurement row, subtract the measuring point stickup above ground
surface from the manual measurement of depth to water below measuring point to determine the
depth to water below ground surface (bgs) shown in Column I.

Sum the manual depth to water below ground surface (Column 1) with the sensor-level value
(Column D; in feet of water above the sensor) recorded nearest in time to the manual
measurement. This value indicates the distance of the sensor below ground surface. (Note: if
water levels are changing, there is a potential source of error that depends on the rate of change of
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the water level in the well and the time discrepancy between the manual and the nearest
automated measurement). Ideally, the manual measurement will be made shortly before or
following an automated measurement, in which case there will be a minor time difference
between these data. If water levels are changing, this will be reflected by changes in the levels
recorded by the sensor, and interpolation will allow calculation of a best estimate of the depth of
water above the sensor at the time of the manual measurement. In cases where the well is not near
a pumping well, this is not expected to be a significant source of error. If changing water levels
are suspected, it is recommended to take repeated depth-to-water measurements, separated in time
by a significant amount of time, such as 30 minutes to an hour. Alternatively, repeat the process
at another time, when water levels have stabilized.

8. Once the depth of the sensor has been established by the procedure described above, compare the
depth of the sensor with the depths calculated following previous site visits (this step is relevant if
there has been no reconfiguration of the sensor deployment cable assembly). Plotting the sensor
depths over time will facilitate this review (see Appendix D, Figure 1). The sensor depth should
be close to the sensor depths calculated previously; within a couple of hundredths of a foot may
be considered acceptable. Small discrepancies in calculated sensor depths between site visits are
attributable to the source of error described in #4 above, due to temporal difference between
manual and automated measurement, to cable hang-up or kinking, to the resolution of the sensor
itself (a percentage of the range of the individual sensor), to sensor drift or malfunction, or to
operator inconsistency in obtaining the manual measurement. Comparing the continuity of
measurements before and after the most recent download will provide an indication of whether
the sensor itself was deployed at a different depth. In the event that sensor depths are found to be
frequently inconsistent for the identical sensor and cable assembly, or if a systematic trend is
observed, further investigation of sources of differences in calculated sensor depth should be
made until a resolution is reached. Efforts to interpret and address this issue should be
documented in the master file.

9. If the sensor depth as calculated above is determined to be acceptable, the depth to water below
ground surface (Column F) for the new records is calculated by subtracting the “level” (in feet of
water above the sensor) from the sensor depth (ft bgs) for all of the sensor data for the newly
appended records. The record produced by this calculation should be consistent with the previous
records (from both the sensor and the most recent manual reading). If there is an unexplained step
increase or decrease in the calculated depth to water, further investigation must be conducted to
identify the source of the discrepancy. Where the issue appears to be inconsistency in the manual
measurement, sensor depth from another time period may be used in place of the calculated
sensor depth for this time period to make the depth to water calculation for Column F.

10. The sensor water-level elevation (Column G) is calculated by subtracting depth to water below
ground surface (Column F) from ground surface elevation at the well (Column E, Row 6). This
calculation is carried out by subtracting sensor depth to water below ground surface from the
ground-surface elevation, or by subtracting depth to water below measuring point from the
measuring-point elevation.

Once the calculations summarized above are completed, the data record, including both the sensor data
and the manual data points, is plotted together as separate data series on the same plot, as shown in

6
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Appendix D, Figure 2. Depth to water and water-level elevation are plotted together (Appendix D, Figure
2). Water-level elevation and precipitation from a nearby weather station are plotted together on another
plot, as shown in Appendix D, Figure 3.

4 Data from Outside Sources

Data from outside sources include both manual and automated (i.e., collected by sensors) water-level
data. Weather data are also valuable for interpretation of groundwater data. Groundwater data typically
originate with the U.S. Geological Survey or one of the state agencies; links to some of these agencies are
provided below and elsewhere in this protocol. The processed data are retrieved from the web sites and
stored locally for incorporation into a master file for each respective well location following the
conventions above. These data are not incorporated into the groundwater database but are reported with
references to the original source(s) of data.

Nationwide groundwater data from the U.S. Geological Survey are accessible via links from
http://waterdata.usgs.gov/nwis. Groundwater data for sites monitored by state agencies may be accessible
via links shown in Table 3-1 of the groundwater protocol narrative.

The inclusion of daily precipitation totals from a nearby weather station complements the water-level
records shown in the plots. Daily precipitation and maximum and minimum temperature data may be
obtained by following links to the station of interest from http://www.wrcc.dri.edu/coopmap/ . The state
selector and U.S. COOP station map may be used to locate the nearest station. To obtain the daily data
from the main station page, scroll down the left-hand side of the page to the Daily Data heading and select
“Graph and Lister” or “Lister(*)”. A “Summary of the Day” page will appear, from which selections can
be tailored relative to which variables to include, the date range of interest, and the date and file formats.
It may be necessary to contact wrcc@dri.edu to obtain passwords to obtain the data. There are indications
that the method described may be no longer kept up to date. Alternative locations from which weather
data are available include http://www.ncdc.noaa.gov/cdo-web/search and
http://www.nws.noaa.gov/oh/hads/.

A useful source of weather data for stations near Sonoran Desert Network parks is the website,
http://www.climateanalyzer.org/ . This website, partially supported by SODN, is a centralized location for
obtaining stream flow and weather data collected in and near network parks. The site harvests weather
data from a wide range of other websites, providing an easily accessible source of data in a variety of
formats, including graphical. Appendix C provides information about the capabilities and function of the
climate analyzer website.

5 References
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Column A Column B Column C Column D Column E Column F Column G ColumnH | Columnl ColumnJ Column K Column L
' Measuri‘ng Point 2336.94 approximate
Serial_number: Elevation (ft) elevation
1038750 11/12/2010 installed Bomm(fi')evat'on 1798.94
' Total Depth (ft 538.00
Project ID: bmp)
Measuring point
elevation above 0.94
1038790 SAGW 629094 ground surface (ft)
Ground Surface ap;?rcmmate
. 2336.00 elevation based on
. Elevation (ft)
Location: topo map
Saguaro National Park TMD
Level
Sensor Water Level Tape Down Water
Elevation and Depth Level Elevation and
UNIT: f to Water Depth to Water
Offset: 0.000000 ft
Altitude: 2337
Density: 1.000000 kg/L
Temperature
UNIT: Deg C
Water Transducer
Date Time Date-Time Level above Temperature Sensor Depth to Sensor Water Level |Tape Down | Tape Down | Tape Down Water Depth (ft Notes
Transducer (ft) 0 Water (ft bgs) Elevation (ft) (ft bmp) (ft bgs) Level Elevation (ft) bes)
11/12/2010 12:18 1939.89 397.05 396.11 1939.89 478.53 wireline cable installed
11/12/2010 14:00:00 11/12/2010 14:00 82.42 29.301 396.11 1939.89
11/12/2010 16:00:00 11/12/2010 16:00 82.46 29.3 396.07 1939.93
11/12/2010 18:00:00 11/12/2010 18:00 82.46 29.301 396.07 1939.93
11/12/2010 20:00:00 11/12/2010 20:00 82.44 29.301 396.08 1939.92
11/12/2010 22:00:00 11/12/2010 22:00 82.45 29.297 396.08 1939.92
11/13/2010 0:00:00 11/13/2010 0:00 82.45 29.3 396.07 1939.93
11/13/2010 2:00:00 11/13/2010 2:00 82.48 29.302 396.05 1939.95
11/13/2010 4:00:00 11/13/2010 4:00 82.49 29.3 396.04 1939.96
11/13/2010 6:00:00 11/13/2010 6:00 82.49 29.3 396.04 1939.96
11/13/2010 8:00:00 11/13/2010 8:00 82.47 29.299 396.05 1939.95
11/13/2010 10:00:00 11/13/2010 10:00 82.51 29.301 396.02 1939.98
11/13/2010 12:00:00 11/13/2010 12:00 82.57 29.302 395.96 1940.04
11/13/2010 14:00:00 11/13/2010 14:00 82.63 29.301 395.90 1940.10
11/13/2010 16:00:00 11/13/2010 16:00 82.63 29.301 395.90 1940.10
11/13/2010 18:00:00 11/13/2010 18:00 82.61 29.299 395.91 1940.09
11/13/2010 20:00:00 11/13/2010 20:00 82.60 29.299 395.93 1940.07
11/13/2010 22:00:00 11/13/2010 22:00 82.57 29.301 395.95 1940.05
11/14/2010 0:00:00 11/14/2010 0:00 82.57 29.3 395.96 1940.04
11/14/2010 2:00:00 11/14/2010 2:00 82.57 29.3 395.96 1940.04
11/14/2010 4:00:00 11/14/2010 4:00 82.59 29.302 395.93 1940.07
11/14/2010 6:00:00 11/14/2010 6:00 82.59 29.3 395.94 1940.06
11/14/2010 8:00:00 11/14/2010 8:00 82.57 29.301 395.96 1940.04
11/14/2010 10:00:00 11/14/2010 10:00 82.55 29.3 395.97 1940.03
11/14/2010 12:00:00 11/14/2010 12:00 82.58 29.3 395.94 1940.06
11/14/2010 14:00:00 11/14/2010 14:00 82.62 29.299 395.91 1940.09
11/14/2010 16:00:00 11/14/2010 16:00 82.64 29.3 395.89 1940.11
11/14/2010 18:00:00 11/14/2010 18:00 82.62 29.301 395.90 1940.10
11/14/2010 20:00:00 11/14/2010 20:00 82.59 29.299 395.94 1940.06








1/6/2011 4:00:00 1/6/2011 4:00 79.80 29.334 398.73 1937.27
1/6/2011 6:00:00 1/6/2011 6:00 79.80 29.332 398.73 1937.27
1/6/2011 8:00:00 1/6/2011 8:00 79.78 29.335 398.75 1937.25
1/6/2011 10:00:00 1/6/2011 10:00 79.75 29.331 398.78 1937.22
1/6/2011 12:00:00 1/6/2011 12:00 79.77 29.336 398.76 1937.24
1/6/2011 14:00:00 1/6/2011 14:00 79.80 29.335 398.73 1937.27
1/6/2011 16:00:00 1/6/2011 16:00 79.81 29.332 398.72 1937.28
1/6/2011 18:00:00 1/6/2011 18:00 79.82 29.335 398.71 1937.29
1/6/2011 20:00:00 1/6/2011 20:00 79.79 29.335 398.74 1937.26
1/6/2011 22:00:00 1/6/2011 22:00 79.75 29.33 398.78 1937.22
1/7/2011 0:00:00 1/7/2011 0:00 79.75 29.33 398.78 1937.22
1/7/2011 2:00:00 1/7/2011 2:00 79.77 29.331 398.76 1937.24
1/7/2011 4:00:00 1/7/2011 4:00 79.78 29.329 398.75 1937.25
1/7/2011 6:00:00 1/7/2011 6:00 79.80 29.332 398.72 1937.28
1/7/2011 8:00:00 1/7/2011 8:00 79.80 29.331 398.73 1937.27
1/7/2011 10:00:00 1/7/2011 10:00 79.77 29.334 398.76 1937.24
1/7/2011 12:00:00 1/7/2011 12:00 79.80 29.331 398.73 1937.27
1/7/2011 14:00:00 1/7/2011 14:00 79.86 29.321 398.67 1937.33
1/7/2011 14:00:00 1/7/2011 14:00 1937.38 399.56 398.62 1937.38 478.47
1/7/2011 16:00:00 1/7/2011 16:00 79.85 29.298 398.68 1937.32
1/7/2011 18:00:00 1/7/2011 18:00 79.85 29.3 398.68 1937.32
1/7/2011 20:00:00 1/7/2011 20:00 79.81 29.293 398.71 1937.29
1/7/2011 22:00:00 1/7/2011 22:00 79.77 29.289 398.75 1937.25
1/8/2011 0:00:00 1/8/2011 0:00 79.76 29.289 398.77 1937.23
1/8/2011 2:00:00 1/8/2011 2:00 79.75 29.29 398.77 1937.23
1/8/2011 4:00:00 1/8/2011 4:00 79.73 29.289 398.79 1937.21
1/8/2011 6:00:00 1/8/2011 6:00 79.73 29.288 398.80 1937.20
1/8/2011 8:00:00 1/8/2011 8:00 79.69 29.289 398.83 1937.17
1/8/2011 10:00:00 1/8/2011 10:00 79.65 29.289 398.88 1937.12
1/8/2011 12:00:00 1/8/2011 12:00 79.69 29.287 398.84 1937.16
1/8/2011 14:00:00 1/8/2011 14:00 79.72 29.286 398.81 1937.19
1/8/2011 16:00:00 1/8/2011 16:00 79.71 29.287 398.82 1937.18
1/8/2011 18:00:00 1/8/2011 18:00 79.68 29.284 398.85 1937.15
1/8/2011 20:00:00 1/8/2011 20:00 79.65 29.284 398.88 1937.12
1/8/2011 22:00:00 1/8/2011 22:00 79.62 29.286 398.91 1937.09
1/9/2011 0:00:00 1/9/2011 0:00 79.63 29.283 398.90 1937.10
1/9/2011 2:00:00 1/9/2011 2:00 79.63 29.281 398.90 1937.10
1/9/2011 4:00:00 1/9/2011 4:00 79.61 29.284 398.92 1937.08
1/9/2011 6:00:00 1/9/2011 6:00 79.59 29.282 398.93 1937.07
1/9/2011 8:00:00 1/9/2011 8:00 79.56 29.283 398.96 1937.04
1/9/2011 10:00:00 1/9/2011 10:00 79.54 29.283 398.98 1937.02
1/9/2011 12:00:00 1/9/2011 12:00 79.57 29.279 398.96 1937.04
1/9/2011 14:00:00 1/9/2011 14:00 79.63 29.283 398.90 1937.10
1/9/2011 16:00:00 1/9/2011 16:00 79.63 29.279 398.89 1937.11
1/9/2011 18:00:00 1/9/2011 18:00 79.62 29.281 398.91 1937.09
1/9/2011 20:00:00 1/9/2011 20:00 79.58 29.28 398.94 1937.06
1/9/2011 22:00:00 1/9/2011 22:00 79.54 29.283 398.99 1937.01
1/10/2011 0:00:00 1/10/2011 0:00 79.52 29.284 399.01 1936.99
1/10/2011 2:00:00 1/10/2011 2:00 79.52 29.28 399.01 1936.99
1/10/2011 4:00:00 1/10/2011 4:00 79.50 29.279 399.03 1936.97
1/10/2011 6:00:00 1/10/2011 6:00 79.46 29.282 399.07 1936.93
1/10/2011 8:00:00 1/10/2011 8:00 79.41 29.279 399.12 1936.88
1/10/2011 10:00:00 1/10/2011 10:00 79.36 29.279 399.17 1936.83
1/10/2011 12:00:00 1/10/2011 12:00 79.39 29.282 399.14 1936.86
1/10/2011 14:00:00 1/10/2011 14:00 79.41 29.281 399.11 1936.89
1/10/2011 16:00:00 1/10/2011 16:00 79.38 29.279 399.15 1936.86
1/10/2011 18:00:00 1/10/2011 18:00 79.35 29.276 399.17 1936.83








7/19/2011 20:00:00 7/19/2011 20:00 76.84 29.217 401.69 1934.31
7/19/2011 22:00:00 7/19/2011 22:00 76.77 29.217 401.76 1934.24
7/20/2011 0:00:00 7/20/2011 0:00 76.78 29.219 401.75 1934.25
7/20/2011 2:00:00 7/20/2011 2:00 76.78 29.219 401.75 1934.25
7/20/2011 4:00:00 7/20/2011 4:00 76.80 29.217 401.72 1934.28
7/20/2011 6:00:00 7/20/2011 6:00 76.78 29.218 401.74 1934.26
7/20/2011 8:00:00 7/20/2011 8:00 76.76 29.216 401.77 1934.23
7/20/2011 10:00:00 7/20/2011 10:00 76.75 29.217 401.78 1934.22
7/20/2011 12:00:00 7/20/2011 12:00 76.78 29.218 401.75 1934.25
7/20/2011 14:00:00 7/20/2011 14:00 76.86 29.217 401.67 1934.33
7/20/2011 16:00:00 7/20/2011 16:00 76.89 29.217 401.63 1934.37
7/20/2011 18:00:00 7/20/2011 18:00 76.87 29.215 401.65 1934.35
7/20/2011 20:00:00 7/20/2011 20:00 76.79 29.219 401.74 1934.26
7/20/2011 22:00:00 7/20/2011 22:00 76.76 29.216 401.77 1934.23
7/21/2011 0:00:00 7/21/2011 0:00 76.78 29.217 401.75 1934.25
7/21/2011 2:00:00 7/21/2011 2:00 76.81 29.217 401.72 1934.28
7/21/2011 4:00:00 7/21/2011 4:00 76.81 29.217 401.71 1934.29
7/21/2011 6:00:00 7/21/2011 6:00 76.80 29.217 401.73 1934.27
7/21/2011 8:00:00 7/21/2011 8:00 76.77 29.217 401.75 1934.25
7/21/2011 10:00:00 7/21/2011 10:00 76.78 29.217 401.74 1934.26
7/21/2011 12:00:00 7/21/2011 12:00 76.81 29.217 401.72 1934.28
7/21/2011 14:00:00 7/21/2011 14:00 76.87 29.219 401.66 1934.34
7/21/2011 16:00:00 7/21/2011 16:00 76.92 29.214 401.61 1934.39
7/21/2011 18:00:00 7/21/2011 18:00 76.92 29.217 401.60 1934.40
7/21/2011 20:00:00 7/21/2011 20:00 76.90 29.216 401.62 1934.38
7/21/2011 22:00:00 7/21/2011 22:00 76.84 29.215 401.69 1934.31
7/22/2011 0:00:00 7/22/2011 0:00 76.80 29.219 401.72 1934.28
7/22/2011 2:00:00 7/22/2011 2:00 76.79 29.215 401.73 1934.27
7/22/2011 4:00:00 7/22/2011 4:00 76.79 29.216 401.74 1934.26
7/22/2011 6:00:00 7/22/2011 6:00 76.75 29.217 401.77 1934.23
7/22/2011 8:00:00 7/22/2011 8:00 76.73 29.217 401.80 1934.20
7/22/2011 9:02 7/22/2011 9:02 1934.29 402.65 401.71 1934.29 478.44
7/22/2011 10:00 7/22/2011 10:00 76.73 29.18 401.71 1934.29
7/22/2011 12:00 7/22/2011 12:00 76.75 29.184 401.69 1934.31
7/22/2011 14:00 7/22/2011 14:00 76.82 29.185 401.62 1934.38
7/22/2011 16:00 7/22/2011 16:00 76.88 29.185 401.57 1934.44
7/22/2011 18:00 7/22/2011 18:00 76.89 29.184 401.55 1934.45
7/22/2011 20:00 7/22/2011 20:00 76.83 29.188 401.61 1934.39
7/22/2011 22:00 7/22/2011 22:00 76.76 29.185 401.68 1934.32
7/23/2011 0:00 7/23/2011 0:00 76.73 29.189 401.71 1934.29
7/23/2011 2:00 7/23/2011 2:00 76.73 29.186 401.71 1934.29
7/23/2011 4:.00 7/23/2011 4:00 76.71 29.188 401.73 1934.27
7/23/2011 6:00 7/23/2011 6:00 76.67 29.193 401.77 1934.23
7/23/2011 8:00 7/23/2011 8:00 76.64 29.193 401.81 1934.19
7/23/2011 10:00 7/23/2011 10:00 76.66 29.192 401.78 1934.22
7/23/2011 12:00 7/23/2011 12:00 76.70 29.19 401.74 1934.26
7/23/2011 14:00 7/23/2011 14:00 76.74 29.196 401.70 1934.30
7/23/2011 16:00 7/23/2011 16:00 76.76 29.195 401.68 1934.32
7/23/2011 18:00 7/23/2011 18:00 76.72 29.198 401.72 1934.28
7/23/2011 20:00 7/23/2011 20:00 76.70 29.196 401.74 1934.26
7/23/2011 22:00 7/23/2011 22:00 76.65 29.19 401.79 1934.21
7/24/2011 0:00 7/24/2011 0:00 76.65 29.186 401.79 1934.21
7/24/2011 2:00 7/24/2011 2:00 76.64 29.192 401.80 1934.20
7/24/2011 4:.00 7/24/2011 4:00 76.64 29.196 401.80 1934.20
7/24/2011 6:00 7/24/2011 6:00 76.61 29.207 401.84 1934.16
7/24/2011 8:00 7/24/2011 8:00 76.60 29.212 401.85 1934.15
7/24/2011 10:00 7/24/2011 10:00 76.60 29.217 401.85 1934.15








10/3/2011 18:00 10/3/2011 18:00 74.01 29.179 404.43 1931.57
10/3/2011 20:00 10/3/2011 20:00 73.97 29.182 404.47 1931.53
10/3/2011 22:00 10/3/2011 22:00 73.93 29.182 404.51 1931.49
10/4/2011 0:00 10/4/2011 0:00 73.92 29.181 404.52 1931.48
10/4/2011 2:00 10/4/2011 2:00 73.93 29.18 404.51 1931.49
10/4/2011 4:.00 10/4/2011 4:00 73.95 29.181 404.49 1931.51
10/4/2011 6:00 10/4/2011 6:00 73.93 29.181 404.51 1931.49
10/4/2011 8:00 10/4/2011 8:00 73.92 29.182 404.52 1931.48
10/4/2011 10:00 10/4/2011 10:00 73.94 29.18 404.50 1931.50
10/4/2011 12:00 10/4/2011 12:00 73.98 29.179 404.47 1931.53
10/4/2011 14:00 10/4/2011 14:00 74.03 29.181 404.41 1931.59
10/4/2011 16:00 10/4/2011 16:00 74.04 29.181 404.41 1931.60
10/4/2011 18:00 10/4/2011 18:00 74.01 29.181 404.44 1931.56
10/4/2011 20:00 10/4/2011 20:00 73.93 29.182 404.51 1931.49
10/4/2011 22:00 10/4/2011 22:00 73.89 29.181 404.55 1931.45
10/5/2011 0:00 10/5/2011 0:00 73.89 29.181 404.55 1931.45
10/5/2011 2:00 10/5/2011 2:00 73.89 29.18 404.55 1931.45
10/5/2011 4:.00 10/5/2011 4:00 73.89 29.181 404.55 1931.45
10/5/2011 6:00 10/5/2011 6:00 73.87 29.178 404.57 1931.43
10/5/2011 8:00 10/5/2011 8:00 73.86 29.181 404.58 1931.42
10/5/2011 10:00 10/5/2011 10:00 73.84 29.179 404.60 1931.40
10/5/2011 12:00 10/5/2011 12:00 73.88 29.179 404.56 1931.44
10/5/2011 14:00 10/5/2011 14:00 73.96 29.179 404.48 1931.52
10/5/2011 16:00 10/5/2011 16:00 74.00 29.177 404.44 1931.56
10/5/2011 18:00 10/5/2011 18:00 74.00 29.179 404.44 1931.56
10/5/2011 20:00 10/5/2011 20:00 73.98 29.179 404.47 1931.53
10/5/2011 22:00 10/5/2011 22:00 73.96 29.181 404.48 1931.52
10/6/2011 0:00 10/6/2011 0:00 73.96 29.181 404.48 1931.52
10/6/2011 2:00 10/6/2011 2:00 73.95 29.178 404.49 1931.51
10/6/2011 4:.00 10/6/2011 4:00 73.96 29.181 404.49 1931.51
10/6/2011 6:00 10/6/2011 6:00 73.92 29.18 404.52 1931.48
10/6/2011 8:00 10/6/2011 8:00 73.91 29.182 404.53 1931.47
10/6/2011 9:18 10/6/2011 9:18 1931.47 405.475 404.54 1931.47 478.45
10/6/2011 10:00:00| 10/6/2011 10:00 73.92 29.161 404.53 1931.47
10/6/2011 12:00:00] 10/6/2011 12:00 73.88 29.159 404.57 1931.43
10/6/2011 14:00:00| 10/6/2011 14:00 73.88 29.19 404.57 1931.43
10/6/2011 16:00:00) 10/6/2011 16:00 73.93 29.185 404.52 1931.48
10/6/2011 18:00:00| 10/6/2011 18:00 73.93 29.182 404.52 1931.48
10/6/2011 20:00:00{ 10/6/2011 20:00 73.89 29.18 404.56 1931.44
10/6/2011 22:00:00{ 10/6/2011 22:00 73.88 29.184 404.57 1931.43
10/7/2011 0:00:00| 10/7/2011 0:00 73.88 29.181 404.56 1931.44
10/7/2011 2:00:00| 10/7/2011 2:00 73.88 29.183 404.57 1931.43
10/7/2011 4:00:00| 10/7/2011 4:00 73.87 29.179 404.58 1931.42
10/7/2011 6:00:00| 10/7/2011 6:00 73.83 29.179 404.62 1931.38
10/7/2011 8:00:00| 10/7/2011 8:00 73.79 29.178 404.66 1931.34
10/7/2011 10:00:00| 10/7/2011 10:00 73.77 29.177 404.68 1931.32
10/7/2011 12:00:00) 10/7/2011 12:00 73.79 29.179 404.66 1931.34
10/7/2011 14:00:00| 10/7/2011 14:00 73.82 29.18 404.63 1931.37
10/7/2011 16:00:00) 10/7/2011 16:00 73.83 29.181 404.62 1931.38
10/7/2011 18:00:00| 10/7/2011 18:00 73.82 29.18 404.63 1931.37
10/7/2011 20:00:00{ 10/7/2011 20:00 73.78 29.178 404.67 1931.33
10/7/2011 22:00:00{ 10/7/2011 22:00 73.77 29.18 404.68 1931.32
10/8/2011 0:00:00| 10/8/2011 0:00 73.78 29.182 404.67 1931.33
10/8/2011 2:00:00| 10/8/2011 2:00 73.79 29.179 404.66 1931.34
10/8/2011 4:00:00| 10/8/2011 4:00 73.82 29.181 404.63 1931.37
10/8/2011 6:00:00| 10/8/2011 6:00 73.82 29.181 404.63 1931.37
10/8/2011 8:00:00| 10/8/2011 8:00 73.81 29.18 404.64 1931.36








1/1/2012 22:00:00{ 1/1/2012 22:00 73.55 29.119 404.90 1931.10
1/2/2012 0:00:00] 1/2/2012 0:00 73.55 29.124 404.90 1931.10
1/2/2012 2:00:00] 1/2/2012 2:00 73.55 29.122 404.90 1931.10
1/2/2012 4:00:00] 1/2/2012 4:00 73.56 29.121 404.89 1931.11
1/2/2012 6:00:00| 1/2/2012 6:00 73.56 29.123 404.89 1931.11
1/2/2012 8:00:00] 1/2/2012 8:00 73.52 29.123 404.93 1931.07
1/2/2012 10:00:00) 1/2/2012 10:00 73.49 29.12 404.96 1931.04
1/2/2012 12:00:00] 1/2/2012 12:00 73.54 29.122 404.91 1931.09
1/2/2012 14:00:00) 1/2/2012 14:00 73.61 29.118 404.84 1931.16
1/2/2012 16:00:00] 1/2/2012 16:00 73.61 29.122 404.84 1931.16
1/2/2012 18:00:00) 1/2/2012 18:00 73.60 29.118 404.85 1931.15
1/2/2012 20:00:00{ 1/2/2012 20:00 73.55 29.121 404.90 1931.10
1/2/2012 22:00:00{ 1/2/2012 22:00 73.54 29.123 404.91 1931.09
1/3/2012 0:00:00] 1/3/2012 0:00 73.54 29.119 404.91 1931.09
1/3/2012 2:00:00] 1/3/2012 2:00 73.55 29.123 404.90 1931.10
1/3/2012 4:00:00] 1/3/2012 4:00 73.55 29.12 404.90 1931.10
1/3/2012 6:00:00| 1/3/2012 6:00 73.55 29.122 404.90 1931.10
1/3/2012 8:00:00] 1/3/2012 8:00 73.52 29.123 404.93 1931.07
1/3/2012 10:00:00) 1/3/2012 10:00 73.49 29.12 404.96 1931.04
1/3/2012 12:00:00] 1/3/2012 12:00 73.55 29.12 404.90 1931.10
1/3/2012 14:00:00) 1/3/2012 14:00 73.62 29.121 404.83 1931.17
1/3/2012 16:00:00] 1/3/2012 16:00 73.62 29.122 404.82 1931.18
1/3/2012 18:00:00) 1/3/2012 18:00 73.59 29.12 404.86 1931.14
1/3/2012 20:00:00{ 1/3/2012 20:00 73.54 29.12 404.91 1931.09
1/3/2012 22:00:00{ 1/3/2012 22:00 73.52 29.121 404.93 1931.07
1/4/2012 0:00:00] 1/4/2012 0:00 73.52 29.123 404.93 1931.07
1/4/2012 2:00:00| 1/4/2012 2:00 73.51 29.12 404.94 1931.06
1/4/2012 4:00:00] 1/4/2012 4:00 73.52 29.118 404.93 1931.07
1/4/2012 6:00:00| 1/4/2012 6:00 73.50 29.12 404.95 1931.05
1/4/2012 8:00:00| 1/4/2012 8:00 73.48 29.122 404.97 1931.03
1/4/2012 10:00:00) 1/4/2012 10:00 73.46 29.123 404.99 1931.01
1/4/2012 12:00:00] 1/4/2012 12:00 73.50 29.12 404.95 1931.05
1/4/2012 14:00:00) 1/4/2012 14:00 73.54 29.119 404.91 1931.09
1/4/2012 16:00:00] 1/4/2012 16:00 73.56 29.119 404.89 1931.11
1/4/2012 18:00:00) 1/4/2012 18:00 73.53 29.12 404.92 1931.08
1/4/2012 20:00:00{ 1/4/2012 20:00 73.50 29.122 404.95 1931.05
1/4/2012 22:00:00 1/4/2012 22:00 73.50 29.116 404.95 1931.05
1/5/2012 0:00:00] 1/5/2012 0:00 73.50 29.119 404.95 1931.05
1/5/2012 2:00:00| 1/5/2012 2:00 73.50 29.12 404.95 1931.05
1/5/2012 4:00:00] 1/5/2012 4:00 73.50 29.116 404.95 1931.05
1/5/2012 6:00:00| 1/5/2012 6:00 73.52 29.118 404.93 1931.07
1/5/2012 8:00:00| 1/5/2012 8:00 73.52 29.12 404.93 1931.07
1/5/2012 10:00:00) 1/5/2012 10:00 73.51 29.119 404.94 1931.06
1/5/2012 12:00:00] 1/5/2012 12:00 73.55 29.119 404.90 1931.11
1/5/2012 14:00:00) 1/5/2012 14:00 73.64 29.119 404.81 1931.19
1/5/2012 16:00:00] 1/5/2012 16:00 73.66 29.122 404.79 1931.21
1/5/2012 18:00:00) 1/5/2012 18:00 73.66 29.12 404.79 1931.21
1/5/2012 20:00:00{ 1/5/2012 20:00 73.65 29.116 404.80 1931.20
1/5/2012 22:00:00{ 1/5/2012 22:00 73.62 29.122 404.83 1931.17
1/6/2012 0:00:00] 1/6/2012 0:00 73.61 29.119 404.84 1931.16
1/6/2012 2:00:00| 1/6/2012 2:00 73.61 29.119 404.84 1931.16
1/6/2012 4:00:00] 1/6/2012 4:00 73.61 29.117 404.84 1931.16
1/6/2012 6:00:00| 1/6/2012 6:00 73.61 29.118 404.84 1931.16
1/6/2012 8:00:00| 1/6/2012 8:00 73.58 29.117 404.87 1931.13
1/6/2012 10:00:00) 1/6/2012 10:00 73.53 29.118 404.92 1931.08 478.48
1/6/2012 10:52 1931.05 405.89 404.95 1931.05
1/6/2012 12:00:00) 1/6/2012 12:00 73.59 29.097 404.84 1931.16








1/6/2012 14:00:00) 1/6/2012 14:00 73.64 29.11 404.79 1931.21
1/6/2012 16:00:00] 1/6/2012 16:00 73.63 29.126 404.80 1931.20
1/6/2012 18:00:00) 1/6/2012 18:00 73.62 29.122 404.81 1931.19
1/6/2012 20:00:00{ 1/6/2012 20:00 73.59 29.122 404.84 1931.16
1/6/2012 22:00:00[ 1/6/2012 22:00 73.56 29.122 404.87 1931.13
1/7/2012 0:00:00] 1/7/2012 0:00 73.55 29.121 404.88 1931.12
1/7/2012 2:00:00| 1/7/2012 2:00 73.56 29.121 404.87 1931.13
1/7/2012 4:00:00] 1/7/2012 4:00 73.57 29.121 404.86 1931.14
1/7/2012 6:00:00| 1/7/2012 6:00 73.57 29.12 404.86 1931.14
1/7/2012 8:00:00] 1/7/2012 8:00 73.56 29.118 404.87 1931.13
1/7/2012 10:00:00) 1/7/2012 10:00 73.52 29.12 404.91 1931.09
1/7/2012 12:00:00] 1/7/2012 12:00 73.54 29.12 404.89 1931.11
1/7/2012 14:00:00) 1/7/2012 14:00 73.61 29.118 404.82 1931.18
1/7/2012 16:00:00] 1/7/2012 16:00 73.62 29.12 404.80 1931.20
1/7/2012 18:00:00) 1/7/2012 18:00 73.60 29.117 404.83 1931.17
1/7/2012 20:00:00{ 1/7/2012 20:00 73.56 29.118 404.87 1931.13
1/7/2012 22:00:00{ 1/7/2012 22:00 73.52 29.117 404.91 1931.09
1/8/2012 0:00:00] 1/8/2012 0:00 73.50 29.119 404.92 1931.08
1/8/2012 2:00:00| 1/8/2012 2:00 73.51 29.12 404.92 1931.08
1/8/2012 4:00:00] 1/8/2012 4:00 73.50 29.12 404.93 1931.07
1/8/2012 6:00:00| 1/8/2012 6:00 73.49 29.118 404.94 1931.06
1/8/2012 8:00:00| 1/8/2012 8:00 73.46 29.119 404.97 1931.03
1/8/2012 10:00:00) 1/8/2012 10:00 7341 29.12 405.02 1930.98
1/8/2012 12:00:00] 1/8/2012 12:00 73.44 29.118 404.99 1931.01
1/8/2012 14:00:00) 1/8/2012 14:00 73.46 29.117 404.97 1931.03
1/8/2012 16:00:00] 1/8/2012 16:00 73.47 29.118 404.96 1931.04
1/8/2012 18:00:00) 1/8/2012 18:00 73.44 29.118 404.99 1931.01
1/8/2012 20:00:00{ 1/8/2012 20:00 73.41 29.116 405.02 1930.98
1/8/2012 22:00:00 1/8/2012 22:00 73.38 29.116 405.05 1930.95
1/9/2012 0:00:00] 1/9/2012 0:00 73.35 29.117 405.08 1930.92
1/9/2012 2:00:00| 1/9/2012 2:00 73.33 29.119 405.10 1930.90
1/9/2012 4:00:00] 1/9/2012 4:00 73.33 29.115 405.10 1930.90
1/9/2012 6:00:00| 1/9/2012 6:00 7331 29.119 405.11 1930.89
1/9/2012 8:00:00] 1/9/2012 8:00 73.30 29.117 405.12 1930.88
1/9/2012 10:00:00) 1/9/2012 10:00 73.30 29.116 405.13 1930.87
1/9/2012 12:00:00] 1/9/2012 12:00 73.34 29.116 405.09 1930.91
1/9/2012 14:00:00) 1/9/2012 14:00 73.39 29.117 405.04 1930.96
1/9/2012 16:00:00] 1/9/2012 16:00 73.41 29.114 405.02 1930.98
1/9/2012 18:00:00) 1/9/2012 18:00 7341 29.119 405.02 1930.98
1/9/2012 20:00:00{ 1/9/2012 20:00 73.38 29.116 405.05 1930.95
1/9/2012 22:00:00[ 1/9/2012 22:00 73.35 29.114 405.08 1930.92
1/10/2012 0:00:00] 1/10/2012 0:00 73.34 29.115 405.09 1930.91
1/10/2012 2:00:00[ 1/10/2012 2:00 73.37 29.114 405.06 1930.94
1/10/2012 4:00:00] 1/10/2012 4:00 73.39 29.116 405.04 1930.96
1/10/2012 6:00:00[ 1/10/2012 6:00 73.39 29.116 405.04 1930.96
1/10/2012 8:00:00| 1/10/2012 8:00 73.39 29.116 405.04 1930.96
1/10/2012 10:00:00] 1/10/2012 10:00 73.37 29.113 405.06 1930.94
1/10/2012 12:00:00| 1/10/2012 12:00 73.42 29.114 405.01 1930.99
1/10/2012 14:00:00] 1/10/2012 14:00 73.50 29.117 404.93 1931.07
1/10/2012 16:00:00| 1/10/2012 16:00 73.51 29.116 404.91 1931.09
1/10/2012 18:00:00] 1/10/2012 18:00 73.51 29.113 404.92 1931.08
1/10/2012 20:00:00{ 1/10/2012 20:00 73.49 29.116 404.94 1931.06
1/10/2012 22:00:00{ 1/10/2012 22:00 73.43 29.113 405.00 1931.00
1/11/2012 0:00:00] 1/11/2012 0:00 73.41 29.117 405.01 1930.99
1/11/2012 2:00:00[ 1/11/2012 2:00 73.44 29.116 404.99 1931.01
1/11/2012 4:00:00] 1/11/2012 4:00 73.45 29.112 404.98 1931.02
1/11/2012 6:00:00| 1/11/2012 6:00 73.44 29.119 404.99 1931.01








4/24/2012 20:00:00{ 4/24/2012 20:00 74.50 28.963 403.93 1932.07
4/24/2012 22:00:00{ 4/24/2012 22:00 74.44 28.961 403.99 1932.01
4/25/2012 0:00:00| 4/25/2012 0:00 7441 28.963 404.02 1931.98
4/25/2012 2:00:00| 4/25/2012 2:00 74.45 28.962 403.98 1932.02
4/25/2012 4:00:00| 4/25/2012 4:00 74.46 28.964 403.97 1932.03
4/25/2012 6:00:00| 4/25/2012 6:00 74.45 28.963 403.98 1932.02
4/25/2012 8:00:00| 4/25/2012 8:00 74.46 28.96 403.97 1932.03
4/25/2012 10:00:00| 4/25/2012 10:00 74.49 28.962 403.94 1932.06
4/25/2012 12:00:00] 4/25/2012 12:00 74.51 28.965 403.92 1932.08
4/25/2012 14:00:00| 4/25/2012 14:00 74.54 28.964 403.89 1932.11
4/25/2012 16:00:00] 4/25/2012 16:00 74.55 28.966 403.88 1932.12
4/25/2012 18:00:00| 4/25/2012 18:00 74.56 28.964 403.87 1932.13
4/25/2012 20:00:00{ 4/25/2012 20:00 74.53 28.963 403.90 1932.10
4/25/2012 22:00:00{ 4/25/2012 22:00 74.50 28.962 403.92 1932.08
4/26/2012 0:00:00| 4/26/2012 0:00 74.52 28.962 403.91 1932.09
4/26/2012 2:00:00| 4/26/2012 2:00 74.55 28.961 403.88 1932.12
4/26/2012 4:00:00| 4/26/2012 4:00 74.51 28.959 403.92 1932.08
4/26/2012 6:00:00| 4/26/2012 6:00 74.54 28.962 403.89 1932.11
4/26/2012 8:00:00| 4/26/2012 8:00 74.50 28.962 403.93 1932.07
4/26/2012 10:00:00| 4/26/2012 10:00 74.48 28.961 403.95 1932.05
4/26/2012 10:45 1932.05 404.89 403.95 1932.05 478.43
4/26/2012 12:00:00 4/26/2012 12:00 74.52 28.969 403.83 1932.17
4/26/2012 14:00:00 4/26/2012 14:00 74.50 28.966 403.84 1932.16
4/26/2012 16:00:00 4/26/2012 16:00 74.54 28.97 403.80 1932.20
4/26/2012 18:00:00 4/26/2012 18:00 74.58 28.965 403.76 1932.24
4/26/2012 20:00:00 4/26/2012 20:00 74.57 28.962 403.77 1932.23
4/26/2012 22:00:00 4/26/2012 22:00 74.54 28.963 403.80 1932.20
4/27/2012 0:00:00 4/27/2012 0:00 74.53 28.962 403.82 1932.18
4/27/2012 2:00:00 4/27/2012 2:00 74.55 28.964 403.79 1932.21
4/27/2012 4:00:00 4/27/2012 4:00 74.57 28.962 403.78 1932.22
4/27/2012 6:00:00 4/27/2012 6:00 74.56 28.96 403.79 1932.21
4/27/2012 8:00:00 4/27/2012 8:00 74.54 28.964 403.80 1932.20
4/27/2012 10:00:00 4/27/2012 10:00 74.55 28.965 403.80 1932.20
4/27/2012 12:00:00 4/27/2012 12:00 74.59 28.961 403.76 1932.24
4/27/2012 14:00:00 4/27/2012 14:00 74.64 28.961 403.71 1932.29
4/27/2012 16:00:00 4/27/2012 16:00 74.70 28.962 403.65 1932.35
4/27/2012 18:00:00 4/27/2012 18:00 74.71 28.963 403.64 1932.36
4/27/2012 20:00:00 4/27/2012 20:00 74.69 28.966 403.65 1932.35
4/27/2012 22:00:00 4/27/2012 22:00 74.66 28.96 403.69 1932.31
4/28/2012 0:00:00 4/28/2012 0:00 74.64 28.956 403.71 1932.29
4/28/2012 2:00:00 4/28/2012 2:00 74.66 28.958 403.69 1932.31
4/28/2012 4:00:00 4/28/2012 4:00 74.67 28.96 403.68 1932.32
4/28/2012 6:00:00 4/28/2012 6:00 74.66 28.959 403.69 1932.31
4/28/2012 8:00:00 4/28/2012 8:00 74.65 28.963 403.70 1932.30
4/28/2012 10:00:00 4/28/2012 10:00 74.67 28.958 403.68 1932.32
4/28/2012 12:00:00 4/28/2012 12:00 74.71 28.96 403.64 1932.36
4/28/2012 14:00:00 4/28/2012 14:00 74.71 28.958 403.63 1932.37
4/28/2012 16:00:00 4/28/2012 16:00 74.76 28.957 403.59 1932.41
4/28/2012 18:00:00 4/28/2012 18:00 74.78 28.956 403.57 1932.43
4/28/2012 20:00:00 4/28/2012 20:00 74.74 28.958 403.61 1932.39
4/28/2012 22:00:00 4/28/2012 22:00 74.66 28.956 403.69 1932.31
4/29/2012 0:00:00 4/29/2012 0:00 74.63 28.955 403.71 1932.29
4/29/2012 2:00:00 4/29/2012 2:00 74.64 28.96 403.70 1932.30
4/29/2012 4:00:00 4/29/2012 4:00 74.66 28.96 403.69 1932.31
4/29/2012 6:00:00 4/29/2012 6:00 74.63 28.956 403.71 1932.29
4/29/2012 8:00:00 4/29/2012 8:00 74.61 28.957 403.74 1932.26
4/29/2012 10:00:00 4/29/2012 10:00 74.60 28.957 403.74 1932.26








7/24/2012 0:00:00 7/24/2012 0:00 76.25 28.904 402.09 1933.91
7/24/2012 2:00:00 7/24/2012 2:00 76.27 28.904 402.08 1933.92
7/24/2012 4:00:00 7/24/2012 4:00 76.28 28.904 402.07 1933.93
7/24/2012 6:00:00 7/24/2012 6:00 76.26 28.903 402.09 1933.91
7/24/2012 8:00:00 7/24/2012 8:00 76.23 28.927 402.11 1933.89
7/24/2012 10:00:00 7/24/2012 10:00 76.23 28.908 402.11 1933.89
7/24/2012 12:00:00 7/24/2012 12:00 76.27 28.906 402.08 1933.92
7/24/2012 14:00:00 7/24/2012 14:00 76.30 28.902 402.05 1933.95
7/24/2012 16:00:00 7/24/2012 16:00 76.32 28.901 402.03 1933.97
7/24/2012 18:00:00 7/24/2012 18:00 76.34 28.904 402.01 1933.99
7/24/2012 20:00:00 7/24/2012 20:00 76.32 28.901 402.03 1933.97
7/24/2012 22:00:00 7/24/2012 22:00 76.29 28.907 402.06 1933.94
7/25/2012 0:00:00 7/25/2012 0:00 76.28 28.904 402.07 1933.93
7/25/2012 2:00:00 7/25/2012 2:00 76.28 28.902 402.07 1933.93
7/25/2012 4:00:00 7/25/2012 4:00 76.28 28.903 402.07 1933.93
7/25/2012 6:00:00 7/25/2012 6:00 76.24 28.905 402.11 1933.89
7/25/2012 8:00:00 7/25/2012 8:00 76.21 28.902 402.14 1933.86
7/25/2012 10:00:00 7/25/2012 10:00 76.20 28.902 402.15 1933.85
7/25/2012 11:02 1933.85 403.09 402.15 1933.85 478.35
7/25/2012 12:00:00| 7/25/2012 12:00 76.25 28.897 402.09 1933.91
7/25/2012 14:00:00] 7/25/2012 14:00 76.31 28.909 402.04 1933.96
7/25/2012 16:00:00| 7/25/2012 16:00 76.36 28.907 401.99 1934.01
7/25/2012 18:00:00] 7/25/2012 18:00 76.38 28.907 401.97 1934.03
7/25/2012 20:00:00{ 7/25/2012 20:00 76.37 28.908 401.98 1934.02
7/25/2012 22:00:00{ 7/25/2012 22:00 76.32 28.907 402.02 1933.98
7/26/2012 0:00:00] 7/26/2012 0:00 76.29 28.905 402.06 1933.94
7/26/2012 2:00:00 7/26/2012 2:00 76.27 28.903 402.07 1933.93
7/26/2012 4:00:00| 7/26/2012 4:00 76.28 28.905 402.07 1933.93
7/26/2012 6:00:00| 7/26/2012 6:00 76.25 28.916 402.09 1933.91
7/26/2012 8:00:00| 7/26/2012 8:00 76.20 28.917 402.15 1933.85
7/26/2012 10:00:00] 7/26/2012 10:00 76.20 28.901 402.15 1933.85
7/26/2012 12:00:00| 7/26/2012 12:00 76.21 28.901 402.14 1933.86
7/26/2012 14:00:00] 7/26/2012 14:00 76.25 28.897 402.09 1933.91
7/26/2012 16:00:00| 7/26/2012 16:00 76.31 28.897 402.04 1933.96
7/26/2012 18:00:00] 7/26/2012 18:00 76.32 28.899 402.03 1933.97
7/26/2012 20:00:00{ 7/26/2012 20:00 76.30 28.899 402.05 1933.95
7/26/2012 22:00:00{ 7/26/2012 22:00 76.28 28.898 402.07 1933.94
7/27/2012 0:00:00] 7/27/2012 0:00 76.28 28.899 402.07 1933.93
7/27/2012 2:00:00 7/27/2012 2:00 76.26 28.899 402.08 1933.92
7/27/2012 4:00:00] 7/27/2012 4:00 76.24 28.9 402.10 1933.90
7/27/2012 6:00:00| 7/27/2012 6:00 76.20 28.901 402.15 1933.85
7/27/2012 8:00:00| 7/27/2012 8:00 76.22 28.901 402.13 1933.87
7/27/2012 10:00:00] 7/27/2012 10:00 76.20 28.903 402.14 1933.86
7/27/2012 12:00:00| 7/27/2012 12:00 76.24 28.902 402.11 1933.89
7/27/2012 14:00:00] 7/27/2012 14:00 76.28 28.902 402.07 1933.93
7/27/2012 16:00:00| 7/27/2012 16:00 76.35 28.901 402.00 1934.00
7/27/2012 18:00:00) 7/27/2012 18:00 76.37 28.901 401.98 1934.02
7/27/2012 20:00:00{ 7/27/2012 20:00 76.30 28.9 402.04 1933.96
7/27/2012 22:00:00{ 7/27/2012 22:00 76.19 28.9 402.16 1933.84
7/28/2012 0:00:00] 7/28/2012 0:00 76.18 28.901 402.17 1933.83
7/28/2012 2:00:00 7/28/2012 2:00 76.21 28.903 402.14 1933.86
7/28/2012 4:00:00] 7/28/2012 4:00 76.22 28.9 402.13 1933.87
7/28/2012 6:00:00 7/28/2012 6:00 76.22 28.899 402.13 1933.87
7/28/2012 8:00:00| 7/28/2012 8:00 76.18 28.901 402.16 1933.84
7/28/2012 10:00:00] 7/28/2012 10:00 76.18 28.902 402.16 1933.84
7/28/2012 12:00:00| 7/28/2012 12:00 76.22 28.902 402.13 1933.87
7/28/2012 14:00:00] 7/28/2012 14:00 76.29 28.901 402.06 1933.94








10/26/2012 22:00:00{ 10/26/2012 22:00 76.62 28.841 401.73 1934.27
10/27/2012 0:00:00| 10/27/2012 0:00 76.63 28.843 401.72 1934.28
10/27/2012 2:00:00| 10/27/2012 2:00 76.64 28.841 401.70 1934.30
10/27/2012 4:00:00| 10/27/2012 4:00 76.65 28.844 401.69 1934.31
10/27/2012 6:00:00| 10/27/2012 6:00 76.64 28.842 401.70 1934.30
10/27/2012 8:00:00| 10/27/2012 8:00 76.61 28.844 401.73 1934.27
10/27/2012 10:00:00| 10/27/2012 10:00 76.59 28.842 401.76 1934.24
10/27/2012 12:00:00| 10/27/2012 12:00 76.63 28.841 401.72 1934.28
10/27/2012 14:00:00| 10/27/2012 14:00 76.69 28.845 401.65 1934.35
10/27/2012 16:00:00| 10/27/2012 16:00 76.70 28.842 401.65 1934.35
10/27/2012 18:00:00| 10/27/2012 18:00 76.66 28.842 401.69 1934.31
10/27/2012 20:00:00 10/27/2012 20:00 76.61 28.84 401.73 1934.27
10/27/2012 22:00:00{ 10/27/2012 22:00 76.56 28.84 401.79 1934.21
10/28/2012 0:00:00| 10/28/2012 0:00 76.54 28.843 401.81 1934.19
10/28/2012 2:00:00| 10/28/2012 2:00 76.57 28.844 401.78 1934.22
10/28/2012 4:00:00| 10/28/2012 4:00 76.58 28.841 401.77 1934.23
10/28/2012 6:00:00| 10/28/2012 6:00 76.59 28.842 401.76 1934.24
10/28/2012 8:00:00| 10/28/2012 8:00 76.56 28.842 401.79 1934.21
10/28/2012 10:00:00| 10/28/2012 10:00 76.56 28.842 401.79 1934.21
10/28/2012 12:00:00| 10/28/2012 12:00 76.60 28.839 401.75 1934.25
10/28/2012 14:00:00| 10/28/2012 14:00 76.64 28.84 401.71 1934.29
10/28/2012 16:00:00| 10/28/2012 16:00 76.65 28.843 401.70 1934.30
10/28/2012 18:00:00| 10/28/2012 18:00 76.62 28.84 401.73 1934.27
10/28/2012 20:00:00 10/28/2012 20:00 76.59 28.842 401.76 1934.24
10/28/2012 22:00:00{ 10/28/2012 22:00 76.54 28.841 401.80 1934.20
10/29/2012 0:00:00| 10/29/2012 0:00 76.51 28.839 401.84 1934.16
10/29/2012 2:00:00| 10/29/2012 2:00 76.52 28.841 401.82 1934.18
10/29/2012 4:00:00| 10/29/2012 4:00 76.54 28.841 401.81 1934.19
10/29/2012 6:00:00| 10/29/2012 6:00 76.54 28.838 401.80 1934.20
10/29/2012 8:00:00| 10/29/2012 8:00 76.52 28.84 401.83 1934.17
10/29/2012 10:00:00| 10/29/2012 10:00 76.51 28.84 401.84 1934.16
10/29/2012 12:00:00| 10/29/2012 12:00 76.56 28.84 401.78 1934.22
10/29/2012 14:00:00| 10/29/2012 14:00 76.62 28.841 401.73 1934.27
10/29/2012 16:00:00| 10/29/2012 16:00 76.65 28.843 401.70 1934.30
10/29/2012 18:00:00| 10/29/2012 18:00 76.63 28.842 401.72 1934.28
10/29/2012 20:00:00 10/29/2012 20:00 76.61 28.839 401.74 1934.26
10/29/2012 22:00:00{ 10/29/2012 22:00 76.57 28.84 401.77 1934.23
10/30/2012 0:00:00| 10/30/2012 0:00 76.57 28.839 401.77 1934.23
10/30/2012 2:00:00| 10/30/2012 2:00 76.59 28.84 401.76 1934.24
10/30/2012 4:00:00| 10/30/2012 4:00 76.60 28.842 401.75 1934.25
10/30/2012 6:00:00| 10/30/2012 6:00 76.60 28.84 401.75 1934.25
10/30/2012 8:00:00| 10/30/2012 8:00 76.57 28.839 401.77 1934.23
10/30/2012 10:00:00| 10/30/2012 10:00 76.58 28.839 401.77 1934.23
10/30/2012 12:00:00| 10/30/2012 12:00 76.63 28.84 401.72 1934.28
10/30/2012 14:00:00| 10/30/2012 14:00 76.68 28.839 401.66 1934.34
10/30/2012 16:00:00| 10/30/2012 16:00 76.71 28.84 401.64 1934.36
10/30/2012 18:00:00| 10/30/2012 18:00 76.69 28.839 401.66 1934.34
10/30/2012 20:00:00{ 10/30/2012 20:00 76.67 28.841 401.67 1934.33
10/30/2012 22:00:00{ 10/30/2012 22:00 76.64 28.84 401.71 1934.29
10/31/2012 0:00:00| 10/31/2012 0:00 76.63 28.84 401.72 1934.28
10/31/2012 2:00:00| 10/31/2012 2:00 76.62 28.839 401.72 1934.28
10/31/2012 4:00:00| 10/31/2012 4:00 76.63 28.84 401.71 1934.29
10/31/2012 6:00:00| 10/31/2012 6:00 76.63 28.84 401.72 1934.28
10/31/2012 8:00:00| 10/31/2012 8:00 76.62 28.841 401.73 1934.27
10/31/2012 10:00:00| 10/31/2012 10:00 76.61 28.84 401.73 1934.27
1933.90 403.04 402.10 1933.90 478.71 possible bad tape down

10/31/2012 10:38








10/31/2012 12:00:00| 10/31/2012 12:00 76.77 28.85 401.69 1934.31
10/31/2012 14:00:00| 10/31/2012 14:00 76.83 28.853 401.63 1934.37
10/31/2012 16:00:00| 10/31/2012 16:00 76.84 28.853 401.62 1934.38
10/31/2012 18:00:00| 10/31/2012 18:00 76.81 28.852 401.65 1934.35
10/31/2012 20:00:00{ 10/31/2012 20:00 76.79 28.851 401.68 1934.32
10/31/2012 22:00:00{ 10/31/2012 22:00 76.75 28.85 401.71 1934.29
11/1/2012 0:00:00| 11/1/2012 0:00 76.73 28.849 401.73 1934.27
11/1/2012 2:00:00] 11/1/2012 2:00 76.74 28.848 401.72 1934.28
11/1/2012 4:00:00| 11/1/2012 4:00 76.76 28.851 401.71 1934.29
11/1/2012 6:00:00] 11/1/2012 6:00 76.76 28.848 401.71 1934.30
11/1/2012 8:00:00[ 11/1/2012 8:00 76.74 28.849 401.72 1934.28
11/1/2012 10:00:00| 11/1/2012 10:00 76.74 28.85 401.72 1934.28
11/1/2012 12:00:00] 11/1/2012 12:00 76.79 28.848 401.67 1934.33
11/1/2012 14:00:00| 11/1/2012 14:00 76.85 28.847 401.61 1934.39
11/1/2012 16:00:00) 11/1/2012 16:00 76.87 28.849 401.60 1934.40
11/1/2012 18:00:00| 11/1/2012 18:00 76.84 28.849 401.62 1934.38
11/1/2012 20:00:00{ 11/1/2012 20:00 76.80 28.846 401.67 1934.33
11/1/2012 22:00:00{ 11/1/2012 22:00 76.76 28.847 401.70 1934.30
11/2/2012 0:00:00| 11/2/2012 0:00 76.75 28.847 401.71 1934.29
11/2/2012 2:00:00] 11/2/2012 2:00 76.75 28.847 401.71 1934.29
11/2/2012 4:00:00| 11/2/2012 4:00 76.78 28.847 401.69 1934.31
11/2/2012 6:00:00] 11/2/2012 6:00 76.78 28.846 401.69 1934.31
11/2/2012 8:00:00| 11/2/2012 8:00 76.75 28.848 401.71 1934.29
11/2/2012 10:00:00| 11/2/2012 10:00 76.74 28.846 401.72 1934.28
11/2/2012 12:00:00] 11/2/2012 12:00 76.77 28.85 401.69 1934.31
11/2/2012 14:00:00| 11/2/2012 14:00 76.84 28.847 401.63 1934.38
11/2/2012 16:00:00) 11/2/2012 16:00 76.84 28.849 401.62 1934.38
11/2/2012 18:00:00| 11/2/2012 18:00 76.80 28.844 401.66 1934.34
11/2/2012 20:00:00{ 11/2/2012 20:00 76.77 28.845 401.69 1934.31
11/2/2012 22:00:00{ 11/2/2012 22:00 76.74 28.844 401.72 1934.28
11/3/2012 0:00:00| 11/3/2012 0:00 76.72 28.844 401.74 1934.26
11/3/2012 2:00:00] 11/3/2012 2:00 76.71 28.844 401.75 1934.25
11/3/2012 4:00:00| 11/3/2012 4:00 76.71 28.848 401.75 1934.25
11/3/2012 6:00:00] 11/3/2012 6:00 76.71 28.843 401.75 1934.25
11/3/2012 8:00:00| 11/3/2012 8:00 76.68 28.845 401.78 1934.22
11/3/2012 10:00:00| 11/3/2012 10:00 76.69 28.845 401.78 1934.22
11/3/2012 12:00:00] 11/3/2012 12:00 76.71 28.844 401.75 1934.25
11/3/2012 14:00:00| 11/3/2012 14:00 76.77 28.845 401.70 1934.30
11/3/2012 16:00:00) 11/3/2012 16:00 76.78 28.842 401.69 1934.31
11/3/2012 18:00:00| 11/3/2012 18:00 76.77 28.845 401.69 1934.31
11/3/2012 20:00:00{ 11/3/2012 20:00 76.74 28.844 401.72 1934.28
11/3/2012 22:00:00{ 11/3/2012 22:00 76.72 28.844 401.74 1934.26
11/4/2012 0:00:00| 11/4/2012 0:00 76.69 28.845 401.77 1934.23
11/4/2012 2:00:00| 11/4/2012 2:00 76.69 28.847 401.78 1934.22
11/4/2012 4:00:00| 11/4/2012 4:00 76.70 28.847 401.76 1934.24
11/4/2012 6:00:00| 11/4/2012 6:00 76.71 28.848 401.75 1934.25
11/4/2012 8:00:00| 11/4/2012 8:00 76.68 28.843 401.78 1934.22
11/4/2012 10:00:00| 11/4/2012 10:00 76.67 28.844 401.79 1934.21
11/4/2012 12:00:00] 11/4/2012 12:00 76.71 28.844 401.75 1934.25
11/4/2012 14:00:00| 11/4/2012 14:00 76.76 28.845 401.70 1934.30
11/4/2012 16:00:00) 11/4/2012 16:00 76.78 28.845 401.68 1934.32
11/4/2012 18:00:00| 11/4/2012 18:00 76.76 28.845 401.70 1934.30
11/4/2012 20:00:00{ 11/4/2012 20:00 76.72 28.843 401.74 1934.26
11/4/2012 22:00:00{ 11/4/2012 22:00 76.71 28.842 401.75 1934.25
11/5/2012 0:00:00| 11/5/2012 0:00 76.70 28.842 401.76 1934.24
11/5/2012 2:00:00| 11/5/2012 2:00 76.71 28.842 401.75 1934.25
11/5/2012 4:00:00| 11/5/2012 4:00 76.72 28.842 401.74 1934.26








1/25/2013 0:00:00| 1/25/2013 0:00 76.50 28.824 401.96 1934.04
1/25/2013 2:00:00| 1/25/2013 2:00 76.55 28.824 401.92 1934.08
1/25/2013 4:00:00| 1/25/2013 4:00 76.58 28.825 401.88 1934.12
1/25/2013 6:00:00| 1/25/2013 6:00 76.58 28.827 401.88 1934.12
1/25/2013 8:00:00 1/25/2013 8:00 76.57 28.825 401.90 1934.10
1/25/2013 10:00:00| 1/25/2013 10:00 76.54 28.821 401.92 1934.08
1/25/2013 12:00:00] 1/25/2013 12:00 76.57 28.823 401.89 1934.11
1/25/2013 14:00:00| 1/25/2013 14:00 76.67 28.825 401.79 1934.21
1/25/2013 16:00:00] 1/25/2013 16:00 76.70 28.824 401.76 1934.24
1/25/2013 18:00:00| 1/25/2013 18:00 76.71 28.824 401.76 1934.24
1/25/2013 20:00:00{ 1/25/2013 20:00 76.69 28.826 401.77 1934.23
1/25/2013 22:00:00{ 1/25/2013 22:00 76.66 28.826 401.80 1934.20
1/26/2013 0:00:00| 1/26/2013 0:00 76.67 28.827 401.79 1934.21
1/26/2013 2:00:00| 1/26/2013 2:00 76.69 28.828 401.77 1934.23
1/26/2013 4:00:00| 1/26/2013 4:00 76.71 28.822 401.75 1934.25
1/26/2013 6:00:00| 1/26/2013 6:00 76.71 28.824 401.75 1934.25
1/26/2013 8:00:00| 1/26/2013 8:00 76.71 28.825 401.75 1934.25
1/26/2013 10:00:00| 1/26/2013 10:00 76.67 28.824 401.79 1934.21
1/26/2013 12:00:00] 1/26/2013 12:00 76.65 28.823 401.81 1934.19
1/26/2013 14:00:00| 1/26/2013 14:00 76.71 28.824 401.75 1934.25
1/26/2013 16:00:00) 1/26/2013 16:00 76.70 28.821 401.76 1934.24
1/26/2013 18:00:00| 1/26/2013 18:00 76.68 28.826 401.78 1934.22
1/26/2013 20:00:00{ 1/26/2013 20:00 76.63 28.825 401.83 1934.17
1/26/2013 22:00:00{ 1/26/2013 22:00 76.61 28.821 401.86 1934.14
1/27/2013 0:00:00| 1/27/2013 0:00 76.61 28.82 401.85 1934.15
1/27/2013 2:00:00| 1/27/2013 2:00 76.64 28.823 401.82 1934.18
1/27/2013 4:00:00| 1/27/2013 4:00 76.66 28.826 401.81 1934.19
1/27/2013 6:00:00| 1/27/2013 6:00 76.67 28.821 401.79 1934.21
1/27/2013 8:00:00| 1/27/2013 8:00 76.66 28.823 401.81 1934.19
1/27/2013 10:00:00| 1/27/2013 10:00 76.65 28.824 401.81 1934.19
1/27/2013 12:00:00] 1/27/2013 12:00 76.68 28.824 401.79 1934.21
1/27/2013 14:00:00| 1/27/2013 14:00 76.74 28.825 401.72 1934.28
1/27/2013 16:00:00) 1/27/2013 16:00 76.76 28.826 401.71 1934.29
1/27/2013 18:00:00| 1/27/2013 18:00 76.77 28.824 401.70 1934.30
1/27/2013 20:00:00{ 1/27/2013 20:00 76.75 28.824 401.72 1934.28
1/27/2013 22:00:00{ 1/27/2013 22:00 76.74 28.824 401.72 1934.28
1/28/2013 0:00:00| 1/28/2013 0:00 76.74 28.824 401.72 1934.28
1/28/2013 2:00:00| 1/28/2013 2:00 76.74 28.824 401.72 1934.28
1/28/2013 4:00:00| 1/28/2013 4:00 76.76 28.823 401.70 1934.30
1/28/2013 6:00:00| 1/28/2013 6:00 76.77 28.826 401.69 1934.31
1/28/2013 8:00:00 1/28/2013 8:00 76.74 28.823 401.73 1934.27
1/28/2013 10:00:00| 1/28/2013 10:00 76.71 28.822 401.75 1934.25
1/28/2013 12:00:00] 1/28/2013 12:00 76.70 28.823 401.77 1934.23
1/28/2013 14:00:00| 1/28/2013 14:00 76.72 28.823 401.74 1934.26
1/28/2013 16:00:00] 1/28/2013 16:00 76.75 28.822 401.71 1934.29
1/28/2013 18:00:00| 1/28/2013 18:00 76.76 28.824 401.70 1934.30
1/28/2013 20:00:00{ 1/28/2013 20:00 76.74 28.824 401.72 1934.28
1/28/2013 22:00:00{ 1/28/2013 22:00 76.73 28.823 401.73 1934.27
1/29/2013 0:00:00| 1/29/2013 0:00 76.71 28.823 401.75 1934.25
1/29/2013 2:00:00| 1/29/2013 2:00 76.74 28.82 401.73 1934.27
1/29/2013 4:00:00| 1/29/2013 4:00 76.72 28.821 401.75 1934.25
1/29/2013 6:00:00| 1/29/2013 6:00 76.71 28.823 401.75 1934.25
1/29/2013 8:00:00| 1/29/2013 8:00 76.69 28.823 401.78 1934.22
1/29/2013 10:00:00| 1/29/2013 10:00 76.67 28.82 401.79 1934.21
1/29/2013 11:21 1934.21 402.73 401.79 1934.21 478.46
















Serial Number

(11038790

Project ID

(11038790 SAGW 629094
Location

BISaguaro National Park TMD
Level

BlUnit

BIEIft

BOffset

FF0.00  ft

BAltitude

FR2337  ft

Temperature

BlUnit

ERIDeg C

Date

11/12/2010 14:00:00
11/12/2010 16:00:00
11/12/2010 18:00:00
11/12/2010 20:00:00
11/12/2010 22:00:00
11/13/2010 0:00:00
11/13/2010 2:00:00
11/13/2010 4:00:00
11/13/2010 6:00:00
11/13/2010 8:00:00
11/13/2010 10:00:00
11/13/2010 12:00:00
11/13/2010 14:00:00
11/13/2010 16:00:00
11/13/2010 18:00:00
11/13/2010 20:00:00
11/13/2010 22:00:00
11/14/2010 0:00:00
11/14/2010 2:00:00
11/14/2010 4:00:00
11/14/2010 6:00:00
11/14/2010 8:00:00
11/14/2010 10:00:00
11/14/2010 12:00:00
11/14/2010 14:00:00
11/14/2010 16:00:00

100 ms

O OO O O 0000000000000 0OO0OO0o0OO0oOOoOOo oo

Level
82.4174
82.4573

82.461
82.4443
82.4461
82.4535
82.4758
82.4918
82.4853
82.4746
82.5055
82.5656
82.6272
82.6283
82.6144
82.5964
82.5747
82.5721
82.5662
82.5927
82.5913
82.5682
82.5542
82.5834
82.6209

82.641

Temperature
29.301
29.3
29.301
29.301
29.297
29.3
29.302
29.3
29.3
29.299
29.301
29.302
29.301
29.301
29.299
29.299
29.301
29.3
29.3
29.302
29.3
29.301
29.3
29.3
29.299
29.3









8/8/13 About the Climate Analyzer

What Can This Web Site Do?

The Climate Analyzer creates custom graphs and tables from historical weather station data. These summaries are calculated dynamically, which
means that they don't exist until someone requests them. You tell the site which years or months you are interested in and it calculates averages, totals,
or other summaries to fit your needs. The results are sent directly to you as a bit stream and are not stored anywhere on a hard drive. We are adding
new graphs and tables to the site all the time, but a few examples appear below.

Example Graphs and Tables

www.climateanalyzer.org/about/ 1/4







8/8/13 About the Climate Analyzer

= 06037500 Madison River near West Yellowstone
n; a a 1 i i L] L] L ) 1] 1]
i el — Measured Values for Current Water Year
- Snake River WY = — Estimated Values for Curment Water Year
" ! b oo £ —— Historical Discharge
ﬁ 51 1 E = « Midpoint of Current Water Year Discharge
§ 0 ﬂ.j_u i -'f""" ol 12 31 2 1000 : Midpoint of Historical Discharge i
= =5 e T [ | P =
+
_lo 1 1 1 1 2 1 1 1 g‘ . I P
250 — ] :
g 200 & [
# 150 2 I
& 100 3 :
E +0 £ |
0 m 1 § I [ I [ sl [l §
an Tel Mar Apw May uf Jul Ak Sep Dot Mow Dec Wy - 3 lnu
= e 0l Mowdl Decdl Jury 1 Feb 0l Mardl Apr0l May0l jJumOl jull B4 Aug 01 Sep 0l
7 L 80
-1 - . - 350 ] L T ] ¥ T T 1 T T L] :
g 6 / m 70 ‘E Bl fone 1
£ s} 150 E 300 | ey
24 {50 =
o
£3 1 a0 ¥ 250
Zz 2 30 ~
E 1 0 E 200
=g . 0

150

100

Monthly Precipitation - % Average
L
=

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec ¥r

Trnax (F)
[ N PNy T, o T ]

g L ; L L I L L L L i N

Eg T T T T T T T T T T Tabile 4, First and last freeze and frost dates, scoumalated growing degree dayvs, and davs above or below
= 40 - % % @ $ - . - 5 i Ll diste im Fmflieu date Lt dat in Emfliest daie e
E %g | — ? é T é $ i Soatiem [ mwe Suaties [I ALk AGDIE S spring == 38F [upar—— rpving <=} s fall < =33 ® dlay
E 13 I $ " - 1 (T——_— Y ] e s 1HL0 1) 1] o 25T kY
=10 a = o Wt g ™ e L A ] 1 1l
_20 L L 1 L L L L

Jam Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

Where do the data come from?

www.climateanalyzer.org/about/
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Our data sources include the National Weather Service (COOP / GHCN data), The Natural Resources Conservation Service (SNOTEL), USGS
(stream gages). Remote Automated Weather Stations, the Hydrological Automated Data System, and a variety of other met stations and dataloggers.
All of these data update every 24 hours. Even though new data arrives every day, there may sometimes be a lag of a week or two before
measurements are available. So the newest data on this web site may be a week or two old for some weather stations.** It is also important to be
cautious when you interpret recent data because they are often provisional and subject to change. **In other words, if you are looking at
data from just a few weeks ago, expect that some of it may change as the original data providers review it and correct errors. As these corrections
become available, they will be incorporated into the data available on this site.

We do not edit or change the "official" data in any way. In addition to this official data, some weather stations on this web site have a second
"corrected" data set that can be compared to the ofiicial sources. These alternative datasets were produced by National Park Service staff or
contractors for use in specific research applications. They have been screened for outliers or other flaws that commonly occur in weather data. In
some cases, these alternative datasets contain estimated values for measurements that were missing in the original record. ** All of the tables and
graphs generated from corrected (edited) data are prominenently labeled "corrected data." There is no danger of mistaking the two types of data sets.
If you don't work for or with the National Park Service, we recommend that you use the "official" data sets on this web site instead of the corrected
values.

Why are there blanks in some of the graphs?

Many climate data sets have missing values. At manual weather stations, the observer might not have written down an observation for a particular day.
At an automated station, there may have been an equipment malfunction or a data processing error. It is important to handle missing values correctly
when you calculate monthly or annual total / averages. If you blindly calculate a monthly temperature average for a month that has only 2 days of data,
for example, you might get an average value that is not very representative of reality. Therefore, this web site will not display a monthly / annual total or
average for a climate parameter if there is "too much" missing data. In this context, "too much" data is missing if there are more than 5 days of
temperature or 3 days of precipitation measurements missing during a month. For annual total / averages, a year will be left blank in a graph or table if
there are more than 15 days of missing measurements. In the case of Remote Automated Weather Stations (RAWS), which collect data more often
than once/day, days which have more than 6 hours of missing data are considered mcomplete and therefore "missing." After daily maximum / minimum
and total values are calculated for each day, the same criteria used for daily data at the other stations (5 days temperature, 3 days precip per month,
etc.) are applied to RAWS data.

Why not just get the data from the original sources?

This web site is a LOT easier to use and does a lot of the analysis work for you.. If you want to download weather data yourself and do your own

www.climateanalyzer.org/about/ 3/4




http://www.ncdc.noaa.gov/cdo-web/search


http://www.wcc.nrcs.usda.gov/snow/


http://waterdata.usgs.gov/nwis/rt


http://www.raws.dri.edu/


http://www.nws.noaa.gov/oh/hads/
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analysis, then you may be interested in using our Windows Desktop analysis software, which is available as a free download here. This web site also
combines data from four different sources (agencies) into one place, which saves you time. More importantly, this web site can analyze data rather
than just providing it to you. For example, you can calculate monthly totals / averages and their departure from 30-year averages, annual statistics such
as Accumulated Growing Degree Days (AGDD), freeze / frost dates and extreme day counts.

How is the Reconnaissance Drought Index (RDI) on this web site
calculated?

The formula for the normalized RDI is the ratio of precipitation to evapotranspiration divided by the average of this ratio for the time period selected
minus one, or ((p/pet)/(avg-p/avg-pet)-1). Evapotranspiration is calculated using the Penman-Montieth equation, with methods described here. When
the index is calculated for COOP/GHCN or SNOTEL stations, physical equations are used to approximate the average values of solar radiation and
other values needed for Penman-Montieth by taking into account the weather station's latitude and elevation. When solar radiation, relative humidity,
and wind speed data are available from a weather station (as in the case of RAWS), these data are used directly in the Penman - Montieth equation.
More information on the Reconnaissance is also available in this article. Experiments conducted by the authors of this web site indicate that using actual
solar radiation, relative humidity, and wind speed data makes a difference of about 0.05 drought index units (or less) compared to calculations made
for the same weather station using the physical approximations. This is not a large difference from a practical standpoint.

Where can I get more information? Who runs this web site?

This web site is maintained by Walking Shadow Ecology. We are located n Gardiner, Montana, which is just outside Yellowstone National Park.
Send questions or comments to: Information {at} YellowstoneEcology.com.

www.climateanalyzer.org/about/ 4/4




http://www.yellowstoneecology.com/


http://www.fao.org/docrep/X0490E/X0490E00.htm


http://mtercek.webfactional.com/rdi.pdf







SOP GW-7 Processing Groundwater Data

Appendix D. Figures

SAGU TMD 629094 Calculated Sensor Depth
(Depth to water + feet of water above sensor)
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Figure 1. Plot showing sensor depth over time.
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SOP GW-7 Processing Groundwater Data

Depths to Water and Water Level Elevations
at Saguaro National Park Tucson Mountain District
Former Water Supply Well ADWR 55-62%094
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Figure 2. Plot of depth to water and water-level elevation.
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Figure 3. Plot of water-level elevation and precipitation.
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This standard operating procedure (SOP) provides an overview of the approach for analysis and reporting
of groundwater monitoring data. Reporting is planned on an annual basis following the conclusion of each

water year. Reporting consists of graphical presentation and narrative discussion of depth-to-water and
water-level elevation data generated each water year, both alone and integrated with other relevant data

from each site. The narrative will discuss and interpret the data record as it relates to the goals and
objectives presented in the groundwater protocol narrative. The nature of analysis of groundwater data for

any given location is dependent on the state of understanding of hydrogeologic conditions, parameters,

and variables at that location; relationships to groundwater levels in the surrounding area and region; well

construction; local groundwater development; and other surficial data. Data from multiple wells will be

presented together when appropriate.

Necessitites for this SOP includes access to a computer, the internet, and libraries; a printer; various
software, including Word, Access, Excel, ArcGIS, and Adobe Acrobat. The annual report will follow
standard guidelines for the NPS Natural Resource Technical Report series, which can be found at

http://www.nature.nps.gov/publications/NRPM/index.cfm.

1 Preparation for Analysis and Reporting

Preparation for analysis and reporting consists of successful completion of the prior steps in the protocol

relating to data collection, processing, and quality control. Data processing is conducted following
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quarterly monitoring so as to identify any issues at the earliest possible time and provide a brief interim
report to park staff. Quality control is taken into consideration during data processing, and a final
verification step is completed after the end of each water year.

Data management quality control procedures are completed prior to finalizing analysis and reporting after
each water year. At the same time, groundwater metadata for all wells included in the program is
reviewed and updated as needed.

2 Assemble Background Information

Particularly in the early phases of protocol implementation, a substantial amount of background
investigation is required to assemble the relevant scientific references, geospatial files, and various types
of data needed to facilitate interpretation for each of the reporting locations. Additions to and updates of
reference materials are to be expected, and annual effort is required to maintain current reference
materials. A literature review will provide for the compilation of reference materials and development of
a bibliography of materials to be used in the interpretation and analysis process. The materials assembled
will serve to broaden and provide depth to the interpretation and analysis of the groundwater data
collected. A partial listing of potential reference materials includes:

Geologic maps and reports for the local and regional area
Soil survey reports and maps for the area

Summary of regional and local climatic data, especially precipitation, temperature maximum and
minimums, and potential evaporation. Average monthly values of these parameters for the region
are recommended, together with daily precipitation for the time period being reported.

Locations of weather stations
Topographic maps
Maps of surface water drainages and groundwater basins (geospatial data)

N o g &

Maps of hydrologic monitoring locations in the area including wells and stream gages
8. Geospatial data for any and all of the material types listed above
Sources of hydrogeologic information, data, reports, and map products include:
1. National Park Service
a. Natural Resource Stewardship and Science Division, http://www1.nrintra.nps.gov/
IRMA natural resources database, https://irma.nps.gov/App/Portal/Home
Park files
NPS STORET (water quality) or its successor

b

C

d

e. NPS Horizon reports (water quality)

f. Inventory and Monitoring Databases and reports

g. NPS Water Resources Division reports, files, and library
h. Reports by cooperators and other partners

2. U.S. Geological Survey

a. Publications Warehouse, http://pubs.er.usgs.gov/

2
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Techniques of Water Resource Investigations, http://pubs.usgs.gov/twri/
Groundwater Information, http://water.usgs.gov/ogw/

National Geologic Map Database, http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html
Water Data for the Nation (NWIS), http://waterdata.usgs.gov/nwis

Hydrologic Instrumentation Facility, http://water.usgs.gov/hif/

Water Resources of the United States Maps and GIS Data,
http://water.usgs.gov/maps.html

Q@ = o o o T

h. National hydrography dataset, http://nhd.usgs.gov/
i. USGS state science centers : search for these by state on the internet
3. Natural Resources Conservation Service
a. Soils, http://soils.usda.gov/
b. NRCS home page,
http://www.nrcs.usda.gov/wps/portal/nrcs/site/national/home/
U.S. Forest Service, http://www.fs.fed.us/rm/boise/rmrs_sai/sai_subjects/hydrology.shtml
5. Environmental Protection Agency, http://www.epa.gov/ ;
http://water.epa.gov/type/groundwater/index.cfm ; http://www.epa.gov/storet/
Theses and dissertations

Reports and geospatial data from other sources including state, county and local municipalities,
water distributors, NPS friends groups, and water-resource groups

8. Links to selected sources of state groundwater, surface water, and water quality information are
provided in Table 3-1 of the groundwater protocol narrative document. Reports and other sources
of information produced by these state agencies are extremely valuable in the local and regional
interpretation of groundwater data.

3 Groundwater Data Analysis

Analysis of groundwater data will focus on evaluating status of and trends in groundwater levels and
interpreting these in conjunction with relevant surface and subsurface environmental data. A review of the
goals and objectives of the groundwater protocol will guide the development of the analysis, taking into
consideration park-specific or site-specific topics or issues of interest to park staff. In addition to basic
elements of well metadata, knowledge of characteristics of the physical and biological environment,
including weather, geology, soils, stream flow, human use, and vegetation, are key elements of
groundwater data analysis and interpretation. The relationship between groundwater and surface water
expression in wetlands, streams, ponds, and springs, as well as near-surface water resources, such as those
that support riparian habitat, will be discussed whenever relevant. The status of groundwater resources as
they relate to park water supply will also be included in the report discussion if applicable.

The depth and breadth of the analysis will be dictated by constraints related to the quality and quantity of
information available, the technical abilities of personnel conducting the analysis, and time constraints.
For example, lack of detailed knowledge of spatial variability of water levels and hydrologic parameters
limits the ability to assess groundwater flow direction and flow rates. Lack of well construction details
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and geologic logs of materials encountered during well construction likewise increases uncertainty and
limits the analysis. As available information about hydrologic and environmental characteristics

increases, the potential value of groundwater data also increases. This is due to an improved capability to
interpret cause and effect and extend the interpretation of groundwater data beyond the immediate vicinity
of each well with increased certainty.

4 Groundwater Data Reporting

Reporting of groundwater monitoring data occurs on interim and annual bases. Interim reporting
generally occurs on a quarterly basis and annual reporting is completed by March following the end of
each water year.

Interim reports consist of e-mailing park staff updated groundwater data in graphical format following
quarterly data collection and updating the master data files. Little or no interpretation of data accompanies
the interim report, although park staff may contact the network with any questions as needed.

Annual groundwater reporting includes graphical presentation of groundwater data accompanied by a
narrative interpretation of the annual and longer-term data record for well(s) at each network park. The
focus of the narrative is a discussion of the status of groundwater resources as related to the
hydrogeologic setting, water balance, climate, regional groundwater conditions, threats or stressors,
surface conditions, and implications for management. As discussed above, the goals and objectives of the
groundwater protocol will serve as guidelines for the narrative interpretation. Recommendations for
modifications in the program or other studies will be included in the report.

The following are some of the graphical products that will be presented and discussed in the annual
report. Each graphical product will be accompanied by a discussion and interpretation relating to the data
shown.

1. Plot of all available historical water-level data for each well included in the program (this
may extend decades into the past)

2. Plot of water-level data collected at the park via the groundwater protocol, showing depth
to groundwater and groundwater-level elevation on one plot.

Plot of water-level elevation, together with daily precipitation from a nearby station
Plot of down-hole temperature data with water-level elevation for the recent water year
Map showing location(s) of well(s) included in monitoring program

©o ok~ w

Map showing surface watersheds, groundwater basin and sub-basin boundaries, and
major streams and washes
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This standard operating procedure (SOP) describes the procedures for managing and maintaining data
collected by the groundwater monitoring protocol for the Sonoran Desert Network (SODN), Southern
Plains Network (SOPN) and Chihuahuan Desert Network (CHDN). The SOP was developed in
accordance with strategies and guidance for data processing and quality assurance/quality control

(QA/QC) specified in the network data management plan (Angell 2005). The instructions are presented

within the framework of the typical annual work flow for a monitoring project, which includes three
phases: (1) implementation, (2) product integration, and (3) evaluation and closure. Staff role(s) primarily

responsible for ensuring the completion of each step are indicated in parentheses.

1 Project Implementation

The project lead oversees all aspects of the project implementation phase, which is repeated each year.

Field activities for the groundwater protocol occur year-round; there is no distinct field season. The water

year for data management purposes begins October 1 and ends September 30. Data management staff act

primarily as facilitators to support database applications; GIS, GPS, data QA/QC and certification

procedures; data summarization; and data analysis. Field staff may consist of the project lead and/or an
assigned staff member (there is no dedicated “field crew” for this protocol). The implementation phase is
further subdivided into three stages: (1) preparation, (2) data acquisition and processing, and (3) product

delivery and review.
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1.1 Preparation

1. Conduct the kick-off meeting for the current field season approximately one month prior to
beginning sampling. Schedule at least two pace meetings during the field season to assess
progress and address any problems that may affect completing the work on schedule. Save the
kick-off meeting notes in a central location. Refer to Table 5-1 of the protocol narrative for
additional information on the annual project schedule and work flow. (Project Lead)

2. Ensure that the “product tracking” portion of the kick-off meeting notes is completed. (Data
Manager)

3. Ensure that the groundwater project workspace is in place on the active or working drive and
contains only files relevant to the current year/season. Files from the previous year should have
been transferred to the archive drive. (Project Lead/Data Management Staff)

4. Ensure that the current user interface databases are functional and can either be replicated or
installed to the field computer(s) that will be used for data entry in the field. (Data Manager).

5. Print paper datasheets and ensure that all necessary equipment needed for the field effort has been
purchased and is calibrated. (Project Lead/Field Staff)

6. Ensure that names and contact information for field personnel are entered into the “Contacts”
database. (Project Lead/Data Manager)

1.2 Data acquisition and processing

1.2.1 Tabular data collection and entry

Acquire field data as specified in the groundwater protocol and associated SOPs. Data are acquired using
five methods: (1) manually recording data on paper field datasheets, (2) entering data directly into the
project database on the field computer(s), (3) receiving fax or e-mail of datasheets from park staff, (4)
receiving Excel spreadsheet containing data and (5) harvesting data from online databases, such as the
USGS National Water Information System (NWIS; http://waterdata.usgs.gov/nwis) and other local, state
or federal water management agencies. (Field Staff)

1.2.1.1 Paper field datasheets

1. Record data neatly and legibly on the datasheet in the appropriate spaces, including all fields in
the “Location and Event Information” box. Record data in the correct formats and use only values
from printed code lists, where applicable. (Field Staff)

2. Before moving to the next field datasheet or sampling location, review each datasheet to ensure
that all required parameters have been recorded and there are no obvious errors. If corrections are
required, incorrect values may be erased and replaced with correct values. (Field Staff/Data
Recorder)
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3. At the end of each field day, review all the field datasheets for that day. If corrections are
required, incorrect values may be erased and corrected on the datasheet. Initial and date the
“proofread by” space on each datasheet. (Project Lead/Field Staff)

4. Atthe end of each day or other logical period of time, photocopy each datasheet, ensuring that the
copies are legible and complete (i.e., nothing is cut off at the edges). Initial and date the “copied
by” space on the original datasheet before making the copy. File the originals in the seasonal
fireproof file cabinet, and retain the copies for data entry and verification. (Field Staff)

5. Conduct a data-entry trial and quality review after one day (or another logical period) of manual
data collection.

6. Enter the test data into the database and verify them according to the instructions in the “tabular
data verification, validation, and certification” section (1.2.3) of this SOP. (Field Staff)

Review the test dataset. (Project Lead/Data Manager)

If the data meet overall project quality requirements, then continue data collection. (Field Staff)
If data quality is not acceptable, provide additional training to the observers, who then repeat the
data-entry trial and quality test. (Project Lead/Data Management Staff)

10. If data quality has not improved to meet standards after the second trial, then examine other
aspects of the protocol and the database for factors that may be contributing to the difficulty in
meeting data-quality requirements. Implement any desired changes and repeat the steps in this
section until data quality meets the requirements. (Project Lead/Data Management Staff)

11. Regularly enter the data into the project database according to the instructions in the Groundwater
Monitoring Database User Guide. Do not wait until the end of the field season to begin entering
data. Keeping current with data entry aids in finding and correcting errors while the information
is still fresh in the minds of the field personnel. Initial and date the “entered by” space on each
datasheet after the data are entered. (Field Staff)

1.2.1.2 Automated data collection
1. Download the data according to the instructions in SOP GW-6. (Field Staff)

2. Transfer the files to the designated subfolder of the groundwater protocol data folder per
directions provided in each network’s data management plan. (Project Lead/Field Staff)

1.2.2 Tabular data verification, validation, and certification

1.2.2.1 Paper field datasheets

1. Follow the instructions in the “QA/QC Procedures for Digital Data Entered from Paper Field
Sheets” GOP to verify, validate, and certify the seasonal dataset. (Field Staff/Project Lead)

2. File the copied datasheets and the verification printouts separately from the originals. Only retain
these records until no longer required, typically after five years. (Field Staff)

1.2.2.2 Automated data collection

The need for data verification has been eliminated by entering data directly into the database, and the
dataset has been partially validated during data entry and the subsequent reviews of the data forms.
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Follow any additional validation procedures specified in the data-collection SOPs, and run any
automated database validation checks. (Project Lead)

Review the results and make any necessary changes. (Project Lead)

Keep a list of all corrections made, relevant comments about the dataset, and any extreme values
determined to be correct to confirm their validity for future users of the data. Report this
information in the “quality assurance review” section of the Project Data Certification form.
(Project Lead)

Certify the seasonal dataset by completing all sections of the Project Data Certification form and
submitting it to the data manager. (See section 3 in the “QA/QC Procedures for Digital Data
Entered from Paper Field Sheets” GOP for further details.) (Project Lead)

1.2.3 Spatial data collection

1.

Collect spatial data of the highest-possible quality according to the instructions in the data
collection SOPs and the network GOPs on using the various handheld units. (Field Staff)

Download the data according to the guidance provided by the network data manager (Field Staff)
Inform the data manager or cartographic technician if post-processing is needed. (Field Staff)
Post-process the data, if needed. (Data Manager)

1.2.4 Photograph acquisition

1.
2.

Take digital photographs of the highest-possible quality, as specified in the SOPs. (Field Staff)
Download the images daily (if possible; if not, as soon as practical) to the appropriate folders
according to the guidance provided by the network data manager. (Field Staff)

Review the photos and delete poor-quality or unnecessary duplicate photos of the same subject.
You may retain a poor-quality photo if the subject is highly unique or unusual. (Project or Field
Staff)

Rename the photos according to the guidance provided by the network data manager. (Project
Lead or Field Staff)

1.2.5 Sensitive data

1.

Evaluate the dataset according to the information and procedures in the “Sensitive Data
Management Strategy” guidance document, “Director’s Order #66,” and “Reference Manuals
66A and 66B” to determine whether it includes any potentially sensitive data or policy
implications that should be withheld from public distribution. (Project Lead/Data Manager)
Document the results of this evaluation in the “sensitive data” section of the “Project Data
Certification” form, so that appropriate steps may be taken when reporting and distributing the
data. (Project Lead)
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1.2.6 Database
1. Conduct final review of dataset for common logical errors, reconcile if found, create new
database or application validation rule(s) to avoid error(s) in future data collection. (Data
Manager)
Certify dataset. (Data Manager)
Notify the project lead that the data are ready for analysis and reporting. (Data Manager)

1.3 Product development, delivery, and review

1.3.1 Analysis and reporting

The project lead is responsible for analyzing monitoring data and reporting the results, with support from
the data management staff. Refer to SOP GW-8 and the “Report Management Strategy” guidance
document for the work flow.

1. Maintain the automated data analysis and reporting queries to certified datasets. (Data
Management Staff)

2. Design new analysis and report functions when necessary (see the Data Maintenance/Database
Revisions section of this SOP). (Project Lead/Data Management Staff)

3. Store the results of summaries and analyses in the Analysis folder in the project workspace.
(Project Lead)

4. Store current-season project reports, resource briefs, and similar products in the appropriate
subfolders in the Products folder in the project workspace. (Project Lead)

1.3.2 Spatial data development

1. Create spatial data layers required by the project in the folder designated by the data manager.
Follow network guidance when editing spatial data files. Retain final products in the designated
folder; delete interim layers that are no longer needed. (Field Staff/Project Lead)

2. Validate spatial data according to the guidance developed by the network data manager using
ArcGIS (ESRI, Inc.). Visually check the positions of point, line, and polygon features against a
backdrop of other spatial layers, such as digital raster graphics, DOQQs, park boundary layers,
etc. Certify all spatial datasets by completing a “Project Data Certification” form. (Project Lead)

3. Append any new spatial data to the master feature class/shapefile or replicate to geodatabase.
(Project Lead/GIS Staff)

1.3.3 Photographs

1. Ensure that photos are suitably organized in the Photographs subfolders; create additional
subfolders as needed. (Project Lead)
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1.3.4 Metadata development

1.3.4.1 Project database

1. Update the FGDC-compliant metadata record and the data dictionary for the tabular database.
(Data Manager/Project Lead)

1.3.4.2 Other digital datasets

1. Create an initial FGDC-compliant metadata record and a data dictionary for the digital dataset
using the NPS Metadata Tools & Editor and the NPS Database Metadata Extractor.

2. Update these documents as needed after each field season. (Data Manager/Project Lead)

1.3.5 Spatial data

1. Create an FGDC-compliant metadata record for each newly created shapefile/feature class.
2. Update existing metadata records as needed. (Project Lead/Assistant Data Manager)
3. Include the Biological Data Profile, if appropriate. (Project Lead/Data Manager)

1.4 Data delivery and product review

1. Review all raw and derived data products (tabular and spatial), metadata, photographs, reports,
and other products to ensure that they fulfill the project objectives and meet network product
specifications. Digital files should be clearly named according to network standards and stored in
the appropriate folders in the project workspace. Return products that do not pass the review to
the originator for revision. (Project Lead/Data Manager)

2. Deliver the final products by entering the delivery date in the “product tracking” portion of the
kick-off meeting notes, and notify the data manager via e-mail that they are complete. (Project
Lead)

3. Review the completed products to ensure they have all been received, are in the right formats, and
are ready for cataloging, integration, and distribution. Return products that do not pass the review
to the project lead for revision. (Data Manager/Science Writer)

2 Product Integration

Data management staff is responsible for most of the tasks in the product integration phase, with some
assistance from the project lead and other staff. During this phase, project data are integrated into national
databases and metadata records and non-sensitive products are cataloged, archived, stored, and distributed
to their intended audiences. Refer to the “Sensitive Data Management Strategy” guidance document and
handle sensitive data products appropriately.
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2.1 National databases and applications

2.1.1 IRMA (Integration of Resource Management Applications)

1. Use the online IRMA Natural Resource Information Portal (NRPortal) to catalog and upload
metadata and products.

2.1.2 NRinfo Reference Application

1. Catalog annual and synthesis-and-trend reports and upload the pdf(s). (Data Manager)
2. Catalog and upload the project database and metadata. (Data Manager)
3. Catalog and upload spatial data and metadata. (Data Manager)

2.2 Network databases and applications

2.2.1 SWNC web sites

1. Post final reporting products to the SWNC web sites (unless the network web site automatically
queries the NR Reference Application and display links to the groundwater monitoring project
reports). (Science Writer/Data Manager)

2. Notify parks of report publication. (Science Writer/Project Lead)

2.2.2 Network reference library

1. Store a printed copy of each annual and synthesis-and-trend report in individually labeled folders
in the network Reference Library files. (Data Management Staff)

2.3 Archiving and records management

2.3.1 Project folder review

1. Go through the seasonal folders and ensure that all files are appropriately named and versioned.
Determine which ones to retain as active in the main groundwater protocol directory, and which
ones to transfer to the master project file in the network archives (refer to the “Archiving
Instructions” guidance document for more information) and which files to delete (refer to
“Director’s Order #19” and the accompanying “Records Disposition Schedule” and the
“Management Handbook” for detailed information on what constitutes a record and which
records may be destroyed). (Project Lead/Data Management Staff)

2.3.2 Seasonal files

1. Transfer digital files to the master project folder. (Data Management Staff)

2. Transfer copies of paper files (e.g., paper datasheets) to the central project files in the designated
location (refer to the “Archiving Instructions” guidance document for more information).

3. Transfer original paper and other project files to the designated off-site repository. (Data
Management Staff)





SOP GW-9 Data Management

4. Export the tables in the master project database as ASCII text files and store them with the master
project database. (Data Manager)

2.4 Backup procedures

1. Store copies of the master project database on a CD or DVD in the on- and off-site network
media backup repository. (Data Management Staff)

2. Make external tape backups of data on a quarterly basis and store at the location designated by
the network data manager between scheduled backups. At the end of each calendar year, send this
backup tape to the Washington Support Office for permanent off-site storage. (Data Management
Staff)

3. Make external tape backups of all designated data daily (Monday—Friday) and store in an on-site,
fireproof file cabinet. (Data Management Staff)

3 Evaluation and Closure

The evaluation and closure phase involves all project and data management staff in an annual review to
evaluate the success of the field season and verify that all data and products are complete and available.

3.1 Season close-out meeting

Conduct the season close-out meeting within two weeks of completing the product integration phase to
assess how well the project met its objectives and determine what might be done to improve various
aspects of the methodology, implementation, and formats of the resulting information. Refer to the close-
out meeting checklist for additional information on evaluating the field season. (Program Manager,
Project Staff, Data Management Staff)

3.2 Data maintenance

Although all data are carefully checked before being analyzed and reported, certification does not
guarantee that the data are entirely free of errors; this section provides guidelines for making and tracking
edits to certified data, if necessary. Similarly, changes in sampling methods and techniques may lead to
revisions of the structure or functions of the database; the next section also provides guidelines for
making and documenting necessary revisions to the project database.

3.2.1 Data editing

1. The project lead and data management staff work together on any edits to certified archived data.
At this stage, printed, original, and copied datasheets are not altered. Field datasheets are
reconciled to the database using the edit table and reports. (Project Lead/Data Manager)

Make the changes in the necessary changes to the dataset. (Project Lead/Data Management Staff)
Print a copy of the change log and file it with the field datasheets; file a copy of the report with
the copied datasheets. (Project Lead/Data Management Staff)
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3.2.2 Database revisions
1. Before making any major revisions to either the structure or functions of the front- or back-end
database, make an archive copy to allow tracking of changes over time. (Data Manager)
2. Store the archive copy in the Archive folder in the Processed Data folder on the S:\ drive. (Data
Management Assistant)
3. Rename the master database using the next version number, and make the changes. Notify
frequent users of the database about the updated version. (Data Management Staff)

4 References

Angell, D. L. 2005. Sonoran Desert Network data management plan. National Park Service Inventory and
Monitoring Program, Sonoran Desert Network, Tucson, Az.
http://science.nature.nps.gov/im/units/sodn/datamanagement.cfm.

Guidance documents, global operating procedures (GOPs), and forms mentioned in this SOP may be
downloaded from the SODN online Data Management Guidance Library at
http://science.nature.nps.gov/im/units/sodn/datamanagement/guidancelibrary.cfm.
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This SOP explains that all protocol documents—the protocol narrative, appendices, SOPs, and

datasheets—are highly controlled and managed. This is done to ensure that only authorized and approved
modifications are made to these documents and to maintain a complete version history of this protocol to

ensure all data can be synthesized, analyzed, and reported.

Anyone who finds a revision of these documents necessary should refer to Control and Versioning for

SWNC Documents, which can be found at

http://inpchdnms03/SWNCCP/GOP/Forms/Allltems.aspx, Category: Data Management. S/he should also
understand protocol versioning methods to ensure that the active version of a protocol document is

revised and make the revisions in a timely manner in order to minimize disruptions to project operations.

All modifications to these documents will be discussed with all interested stakeholders; however, the final

decision on any modifications lies in the purview by the protocol lead network.

To ensure the use of the most current the protocol narrative, appendixes, SOPs, and datasheets; please go

to the server location designated by the network data manager.
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