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Mapping and Characterization of Springs in Brown and Calumet
Counties, Wisconsin

By
Christian S. Waltman

Introduction

In April 2004 the State of Wisconsin enacted a new groundwater protection law, 2003
Wisconsin Act 310 (Wisconsin Legislature, 2004). Historically, natural springs have
provided domestic and agricultural water supplies to many settlers in the area. Most
residents in Brown and Calumet Counties, Wisconsin currently receive water from
private wells or municipal water supplies. In some cases, springs are still used for both
domestic purposes and commercial water bottling operations. One of the springs
monitored in this study in southern Brown County is currently used as both domestic

supply and commercial bottling.

Although springs are not commonly used for water supply anymore, the importance of
these features remains. Springs provide habitat for many plant and invertebrate species
throughout the state. Springs also contribute source water to streams, including many
trout streams, which are important both ecologically and economically. Natural springs
in Wisconsin also provide water for bottling plants, supporting a rapidly growing
industry. In 1999, Wisconsin Department of Commerce began working with Nestle
Waters North America (formerly Perrier Group) to site a bottling plant in Wisconsin.
Strong disapproval from environmental organizations and citizens helped lead to the
enactment of Wisconsin Act 310 and halted the construction of the bottling plant. Nestle
Waters North America has since built a new bottling plant in Stanwood, Michigan (PR
Newswire, 11/30/2005). They have also allowed their Wisconsin High Capacity Well
Permits to expire and are no longer pursuing any locations within the state of Wisconsin

(Murphy, 9/20/2002).



The ecological and cultural importance of springs has long been recognized. However,
the extent and characteristics of springs in Wisconsin are not well known. Under
Wisconsin Act 310, high capacity wells pumping more than 100,000 gallons per day
(gpd) are required to be permitted by the Wisconsin Department of Natural Resources
(WDNR). The permitting process is used to determine whether high capacity wells will
impact groundwater or other important water resources. The WDNR specifies that high
capacity wells must not be placed within 1200 feet of natural springs with outflow greater
than 1 CFS. Currently, the WDNR does not have a centralized database of spring

locations, and no comprehensive natural spring study exists for the area of concern.

In this project, we have performed reconnaissance work to determine the locations of
natural springs in Brown and Calumet Counties, Wisconsin. Funding for this project was
provided by a grant from the Wisconsin Department of Natural Resources. The grant
proposal (Fermanich, et al, 2004) is the basis for this project.

Background

Springs and groundwater seeps are important hydrological and ecological features of
landscapes in many parts of Wisconsin. The unique chemical, physical and hydrologic
nature of groundwater discharging from springs provide critical habitat for rare and other
wetland plant communities. Recent studies in Wisconsin have inventoried seep wetland
communities that are critically dependent on groundwater discharge (Baird Creek, Brown
County; Stoll, et al., 2003), have characterized the source of spring flow to wetland
marshes (Dane County; Hunt and Steuer, 2000) and have assessed hydrologic controls on
discharge to ecologically significant springs (Waukesha County; Gittings and Bahr,
2003). The extent and location of these springs within the state are well known locally,

but have yet to be compiled into a central database.

Recognition of the hydrologic and ecologic importance of springs to the flora and fauna
that are dependant on them is imperative if springflow is to be protected. As originally

enacted, Wisconsin Act 310 states that springs discharging greater than 1 cubic feet per



second (cfs) throughout 80% of the time are to be protected. The lack of a central
database containing spring information will hamper the WDNR’s ability to efficiently
permit high capacity wells (J. Helmuth, 2005).

The new Groundwater Protection Act mandates the Wisconsin Department of Natural
Resources (WDNR) to review proposed high capacity wells that may adversely impact
natural springs. At this time, the term “adverse impact” is not defined. Efforts to
quantify what changes in spring discharge will qualify as an adverse impact are currently
in progress (Meyer, 2006). High capacity wells are defined as those wells that have the
capacity to pump greater than 100,000 gallons per day (gpd). Due to increased
groundwater withdrawals in Brown County, Act 310 classifies it as a groundwater
management area. A groundwater management area is defined as an area where the
water level in a new well is at least 150 feet less than it would have been if groundwater
had not been pumped (Wisconsin Legislature, 2004). The intent of the designation of a
groundwater management area is to promote coordinated management of groundwater

resources between public and private groundwater users (Asplund, 2004).

The spring definition adopted by the Legislature for Act 310 is somewhat problematic.
First, it is unclear what can be considered as an “area of concentrated discharge”.
Focused groundwater discharge areas can easily be identified as springs. However, areas
may exist in which numerous small springs diffusely discharge to the surface. Swanson
and Bahr (2004) define these areas as spring complexes. Also, the duration of flow at a
rate above 1 CFS for 80% of the time lacks definition (80% of a day, week, month or
year?). The cutoff of 1 CFS may, however, have an undesirable effect on spring ecology.
Small, low-discharge springs may provide critical habitat for certain species, such as
Hine’s Emerald Dragonfly (USFWS, 2001). These smaller springs (many flowing less
than 0.1 CFS) will be more susceptible to groundwater depletion than larger (> 1 CFS)
springs. Once the spring is dried up, it is very difficult to re-establish the faunal and
floral community that once existed there (Saber, 2005). These issues are currently being
addressed in Draft Wisconsin Code Chapter NR 820 (Meyer, 2006).



Spring Classification

Springs are defined as “A place where underground water emerges onto the Earth’s
surface” by Copeland (2003). Numerous spring classification systems have been
developed over the years. There have been several revisions of the work of Meinzer
(1923) to develop a classification system (Springer and Stevens, 2005). Although
physical characteristics of springs and their emergent environments have been described
thoroughly in recent years, little attention has been paid to the ecological characteristics

and downstream channel morphology of springs.

Recent work by Springer and Stevens (2005), attempts to create a universal classification
system for springs and spring-related ecosystems. While Springer and Stevens have
many strong points in their classification system, their work is based in the southwestern
United States, and parts of it may not work well in the Upper Midwest. The Springer and
Stevens classification system is used to characterize springs in this report because it is the

most comprehensive system.

Geologic Setting

Location and characteristics of springs within Wisconsin are not well known. Spring
locations are commonly mapped on U.S.G.S. 7.5’ topographic maps, county soil survey
maps and other publications, such as the Wisconsin Gazeteer (DeLorme, 2004).
Although most springs in the study area are mapped, some smaller springs are not. Many
of the springs shown on older map sources, such as county soil surveys, are no longer

flowing.

Geologic units in Brown and Calumet Counties are characteristic of conditions in which
springs form. The geology of Brown and Calumet Counties is conducive to the
formation of springs. Three aquifers, the upper aquifer, the St. Peter aquifer and the Elk
Mound aquifer, and three confining units, the Maquoketa confining unit, the St.
Lawrence confining unit and the Precambrian confining unit, have been identified. The

upper aquifer unit has been described as undifferentiated dolostone (along the eastern



county margins) overlain by unlithified fluvial, lacustrine and till deposits (throughout the
counties). The Maquoketa confining unit, located beneath the upper aquifer, is
comprised mostly of shale and unfractured dolostone. The St. Peter aquifer, located
beneath the Maquoketa confining unit, is composed mostly of sandstone, glauconitic
sandstone and dolomitic sandstone. The St. Lawrence confining unit, beneath the St.
Peter aquifer, consists of mostly silty, shaly dolomite. The third aquifer, the Elk Mound
aquifer, is comprised of mostly sandstone units and has characteristics similar to those of
the St. Peter aquifer. The final, and deepest, confining unit is the Precambrian confining

unit composed of crystalline, igneous rock (Krohelski and Brown, 1986).

Groundwater Interactions in Northeast Wisconsin

Historically, groundwater was the sole source of water in Brown County (Drescher, 1953;
Knowles, 1964). In 1957 the city of Green Bay began using water from Lake Michigan
for most of their water needs (Krohelski and Brown, 1986). Groundwater levels in Green
Bay have recovered somewhat since pumping stopped. However, other municipalities in
Brown County still supply constituents with groundwater and a cone of depression has
formed beneath the City of De Pere (Krohelski and Brown, 1986). Continued
groundwater pumpage from the lower aquifer will heighten the hydraulic gradient
existing between the upper aquifer and the lower aquifer increasing the amount of

potential leakage from the former to the latter.

Currently, numerous high capacity wells within Brown and Calumet Counties pump
water from the St. Peter and Elk Mound aquifers (Krohelski and Brown, 1986). The
Southeastern Wisconsin Regional Planning Commission (2003) suggest that increased
groundwater withdrawal has lowered the potentiometric surface, thereby reversing the
hydraulic gradient and inducing leakage from the upper aquifer to the lower aquifers
through the Maquoketa confining layer. The leakage effectively decreases the amount of
water flowing through the upper aquifer and hence the amount of water available to flow

to the surface in the form of springs, seeps, stream baseflow, etc. High capacity wells are



also used to pump groundwater from the upper aquifer, especially the dolomite units,
within Brown and Calumet Counties (WDNR, 2004).

Spring flow in northeastern Wisconsin is fed by water flowing through the upper aquifer.
Water infiltrating through the upper aquifer eventually comes into contact with the
Maquoketa confining unit and. Due to the low hydraulic conductivity of the confining
unit, groundwater flows along the upper surface toward discharge areas. If the
Maquoketa confining layer intersects the surface, flowing groundwater will come to the

surface creating a spring.

Studies conducted in Door County, WI (Johnson and Stieglitz, 1990) have found that
springs also form along outcropping dolomite and along the Green Bay shoreline. The
dolomite outcrops along the eastern margins of Brown and Calumet Counties forming
karstic topographic features where bedrock is dissolved as slightly acidic water flows

through the system reacting with soluble dolostone (Stieglitz and Dueppen, 1995).

The equilibrium chemistry of carbonate groundwater is affected by geologic, seasonal,
and recharge factors (Drake, 1983). Total hardness, bicarbonate ion concentration, and
calcium ion concentration often reflect seasonal effects (Schuster and White, 1971). In
addition, calcium/magnesium ratios are influenced by the length of the flow path and
whether a spring is primarily a diffuse or conduit flow system. Desmarais and Rojstaczer
(2002) also used carbonate chemistry to infer the characteristics of flow and sources
water of springs in Tennessee. An analysis of the ratios or the variances of major ions

might provide information about land use and source area.

Relative Age Dating

Age-dating of groundwater discharge samples is a useful tool for estimating residence
time in an aquifer (Plummer and Friedman, 1999; Busenberg and Plummer, 1992) and
may be useful for differentiating between shorter or conduit flow systems and longer

flow systems. Chlorofluorocarbons (CFC11, CFC12 and CFC113) are atmospheric trace
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gases that have been released into the atmosphere since the 1930’s. Observed
concentrations of CFCs in groundwater along with well-documented historical
atmospheric concentrations have been successfully used to provide apparent recharge

dates of groundwater (Browne, 2004; Busenberg and Plummer, 1992).

Study Approach

The main goal of this study was to inventory and characterize springs in Brown and
Calumet Counties, Wisconsin. An inventory and assessment of springs in these counties
was conducted between April, 2005 and August, 2006. Reconnaissance was performed
to determine spring locations and discharge was qualitatively assessed. Water quality
samples taken at selected spring outflows were used to determine anion (SO4*, NO5’,
NO;,, CI" and PO43') and element (Ca, Mg, Zn, Na, K, Fe) concentrations, and alkalinity.
An apparent groundwater recharge age-date was determined for each site using ultra-

trace concentrations of chlorofluorocarbons (CFCs).

This report also provides baseline information about spring characteristics. The baseline
information includes basic chemical parameters such as pH, temperature, specific
conductivity, oxidation-reduction potential and flow. The goal of this section is to

determine the applicability of Wisconsin Act 310 in protecting springs in the study area.

The ecology supported by the spring’s emergent environment was also assessed to
determine the level of disturbance at the site, and also to determine if any significant
species are present at any of the sites. A modified version of the classification system
used by Springer and Stevens (2005) has been employed to assist in the characterization

of the springs.

The results of this project are published in several forms. First, an ArcGIS map showing
the location and characteristics of the springs has been created, and data has been shared
with the Wisconsin Department of Natural Resources to add as a layer in the WADRS
database.
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Materials and Methods

Reconnaissance

Initial reconnaissance for spring locations was completed using existing map sources,
such as USGS topographic maps, county soil survey maps (USDA, 1974) and the
Wisconsin Gazeteer (DeLorme, 2004). Once found, locations were determined using a
mapping-grade GPS with differential correction (e.g., Garmin GPS III) and information

was translated to a base map of Brown and Calumet Counties.

Photographs were also taken to aid in characterization and as a reference for supported
vegetation at the springs during different seasons. A subset of five springs was selected
for further study. An intermittently flowing spring close to one of the sites was also
monitored when discharging. Discharge was the primary characteristic used for selecting
which sites would be sampled, using the 1 CFS flow rate prescribed by Wisconsin Act
310. Springs with the greatest discharge in the study area were selected for sampling.
Other factors considered for site selection include land use, level of site disturbance and

ease of site access.

Discharge Measurement

Rate of spring flow was determined in concentrated flow channels down-gradient from
focused or diffused groundwater discharge areas. Discharge measurements were made
using the volumetric measurement method, measuring stream cross section and velocity,

or using a calibrated portable weir plate (Rantz, et al. 1982).

Water Quality Sampling

Biweekly monitoring began in September 29, 2005 and concluded August 28, 2006.
During several periods over the winter of 2005-06, site access was limited due to weather
conditions. A total of six grab samples were taken at each site for lab analysis. These
samples were taken in September 2005, January 2006, March 2006, June 2006, July 2006
and August 2006.

12



Sampling procedures and sample handling followed procedures described in the DNR
field methods manual (Karklins, 1996). Samples were collected as close to the outlet of
springs as possible in clean 250 mL bottles. Anion sample bottles were rinsed with
sample water three times before filling. Cation samples were preserved with nitric acid.
Samples were transported to the laboratory on ice and stored at 4° C until analysis.
Analysis for anions, alkalinity and cations took place within 48 hours, two weeks and six
months of sample collection, respectively. In situ temperature, specific conductance, DO,
ORP and pH were performed on a bi-weekly basis using a HYDROLAB Quanta G multi-
probe. The multi-probe was calibrated prior to use with analytical graded standards

following the manufactures procedures.

Chemical Analysis

Water quality samples were analyzed following standard methods (APHA, 1998) for ion
chromatography and inductively coupled plasma (ICP) spectroscopy at the Instrumental
Analysis Laboratory at UW Green Bay. The concentrations of NO;", NO', CI" and SO,
were determined on a Dionex DX-120 ion chromatograph. A suite of elements (Ca, Mg,
Zn, Na, K, Fe) in filtered and acidified samples were analyzed on a Varian Liberty Series
II Sequential ICP-OES system. Phosphorus concentrations were below the detection
limit of both the Varian ICP-OES and the Dionex IC. A set of water samples collected
August 27, 2006 were sent to the Analytical Laboratory at Green Bay Metropolitan
Sewerage District (GBMSD) and analyzed for total dissolved phosphorus (TDP).
Alkalinity was determined using standard titration techniques (APHA, 1998).

CFC Sampling
Water samples to be analyzed for CFC’s were collected using the Pumping-Induced

Ebullition (PIE) technique described in Browne (2004). Custom-made ultra-trace gas
sampling equipment was rented from the UW Stevens Point Trace Gas Analysis Lab to
collect CFC samples. The concentration of CFC11, CFC12 and CFC113 in gas samples
collected from spring water samples was determined by gas chromatography-electron

capture detection at the UW Stevens Point Trace Gas Analysis Lab. The apparent

13



groundwater recharge age-date of spring samples was determined by the UW Stevens
Point Trace Gas Lab using the methods of Browne (2004) and Busenberg and Plummer
(1992). In this method, sample water is collected through a mini-piezometer inserted into
the spring. The sample water is then drawn through a restrictor tube (2mm 1.D.) by a
peristaltic pump and then forced through another restrictor tube (2 mm I.D.). Water
moving through the restrictor tubes is placed under considerable pressure due to the
friction inside the tube. Once the water reaches an area of lower pressure (e.g., exiting
the restrictor tube) the gas ebulates and can be collected. A glass collector tube is used to
separate dissolved gases from water. The top of the glass collector is vented to the
atmosphere to allow the system to be purged with sample water. Once the system has
been purged and the sample is ready to be collected, a rubber septum is used to seal the
top of the tube. The ebulated sample water then flows though an exhaust line from the
bottom of the collection tube. Head in this line is maintained above the gas collection
port to eliminate siphoning and contamination of the gas sample. The septum also serves
as a port for sample collection using syringe and transferring the sample immediately to a

sealed vial placed under vacuum.

Ecological and Geomorpholgical Assessments

Floral and fauna assessments were conducted by Juniper Sundance, of the Cofrin Center
for Biodiversity at UW-Green Bay. Plant survey was done by meandering transect.
Cover percents and distances were based on subjective visual estimate. Values in
Bernthal (2003) were used to calculate average coefficient of conservatism and Floristic
Quality Index for each site. Because all species may not have been detected during the
single visit, these values should be used only as a general indication of site quality. The
same source was used to list Wetland Indicator status for plants at each site.
Nomenclature follows the Wisconsin State Herbarium, as available at
http://www.botany.wisc.edu/wisflora/. Land use in Brown and Calumet Counties, WI

was taken from WISCLAND.

Agquatic Invertebrate Sampling: Following Hilsenhoff (1988), invertebrates were
sampled by kicknet until at least 100 individuals were collected, with a couple of

exceptions. The decision to sample biota in this project was not made until June, and
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staff were not available until mid July. Although not developed for seeps or springs,
Hauxwell, et al, recommend that macroinvertebrate sampling be performed in spring for
best indices. Because of this, results of this survey may not be an accurate indication of

the water quality or species richness.

Results

Climatic Data

There was persistent dry weather in the months leading up to and during the initial
reconnaissance. Figure 1 shows precipitation data from weather stations in Green Bay,
Brillion and Chilton from January 2005 to September 2006. Also shown is the 30-year
average for Green Bay. Precipitation throughout the monitoring area was between 14 and
26% below the 30 year average from January, 2005 to the end of September, 2005.
These conditions likely impacted spring discharge rates through the winter of 2005-06.
For the 2006 water year (WY), all months were below normal except for November,
January and May. May 2006 precipitation was between 5.5 and 7.5 inches of rain, more
than twice the normal amount. Excluding May, WY2006 precipitation was 12-15%
below normal. Above normal precipitation during May 2006 combined with snowmelt

increased discharge rates beginning in March, 2006.

Spring Inventory

A total of 41 natural springs were found in Brown and Calumet counties during
reconnaissance performed throughout the project. Springs found on existing maps were
visited to determine if they were still flowing. Several unmapped springs were found
during the reconnaissance. Springs that were found to be flowing are included in Table
2. Dry springs and mapped features that do not exist are not listed. Spring locations are

shown on Figure 2 and Maps 1-10, and are shown over WISCLAND land-use base maps.
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Bi-weekly Monitoring Data

Bi-weekly monitoring of the five selected springs began on September 30, 2005 and
concluded August 28, 2006. All measurements except for discharge were taken with a
Hydrolab Quanta-G multiprobe. Measured parameters included discharge (cfs), pH,
dissolved oxygen (mg/L), specific conductance (mS/cm) and temperature (°C). Bi-
weekly monitoring stopped between November 11, 2005 to January 3, 2006, and again
from January 3, 2006 to March 24, 2006 due to winter weather conditions. Data

collected at the sites can be found in Table 1 in Appendix B.
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Figure 1. Regional precipitation data from January 2005 through September 2006 and
30-year average monthly data for Green Bay. Data from National Weather Service
climate observation network.

Discharge measurements were taken at each site when possible. At site SB013, we were
unable to quantify discharge due to the fact that there is no stream channel formed and
that flow conditions were exceptionally low during the monitoring period. We were also
unable to measure discharge at site SBO11 due to the fact that the entire spring has been

captured and flow was routed to a water bottling facility.
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Figure 2. Site map overview. See maps 1-10 for spring locations and WISCLAND
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Table 1. GPS coordinates for natural spring locations in Brown
and Calumet Counties, WI. Sites listed in bold were selected for
monitoring. Sites listed in italics are seepage complexes delineated
by the coordinates shown in the table.

Springs Project GPS Points Springs Project GPS Points
Site ID | Lat/Lon (WGS 84) Site ID | Lat/Lon (WGS 84)
6 N44 32.061 W87 54.241 37 N44 32.283 W87 54.086

7 N44 21,189 W88 02.974 | SB011 | N44 17.226 W88 04.809

8 N44 25.484 W87 58.568 SB001 | N44 36.594 W87 48.664

9 N44 25.066 W88 00.024 | SB003 | N44 21.013 W88 02.262

10 N44 25.089 W88 00.198 | SB004 | N44 19.403 W88 03.082

11 N44 21.255 W88 02.449 | SB005 | N44 23.042 W88 04.103
12 N44 21.255 W88 02.453 | SBO07A | N44 25.494 W87 58.649

13 N44 21.215 W88 02.338 | SB007B | N44 25.508 W87 58.634
14 N44 21.144 W88 01.998 | SB007C | N44 25.540 W87 58.653
15 N44 34.095 W87 52.751 | SB007D | N44 25.516 W87 58.674

18 N43 58.674 W88 17.182 | SB008 | N44 35.209 W88 08.980
19 N44 01.443 W88 18.116 | SB009 | N44 35.254 W88 09.013
20 N46 24.886 W77 48.490 | SB010 | N44 20.553 W88 03.403
22 N44 31.670 W87 54.457 | SB012 | N44 17.216 W88 04.799
25 N44 31.725 W87 54.450 | SB013 | N44 31.669 W87 54.475
26 N44 31.728 W87 54.431 SC012 | N43 59.828 W88 18.444

27 N44 31.742 W87 54.440 | SC013 | N44 01.447 W88 18.115
28 N44 31.802 W87 54.397 | SC014 | N44 01.448 w88 18.111

29 N44 31.817 W87 54.386 | SC016 | N43 59.597 W88 19.096
30 N44 31.816 W87 54.383 | SC018 | N43 58.671 W88 17.181
32 N44 31.863 W87 54.354 SP1 N44 23.002 W88 01.983

33 N44 31.929 W87 54.306 | SC011 | N43 59.529 W88 17.167

34 N44 31.936 W87 54.294 | SCO11a | N43 59.499 W88 17.180
36 N44 33.908 W87 53.096

Two different methods were used to measure discharge at site SCO11. Initially, discharge
was low enough to measure with a V-notch weir. During the spring thaw, discharge
increased to the point where we were unable to seal the weir. Alternately, the cross

section of the stream and discharge velocity were measured to calculate flow.
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Discharge measurements taken at sites SC013 were performed using a small V-notch
weir installed in the outfall channel approximately 150 meters downstream. The stage
behind the weir was measured and recorded, then calculated at a later time using the

Kindsvater-Shen equation (Edwards, 2006):
Q = 4.28 tan(8/2) (h+k)**

where Q = Discharge (cfs), C = Discharge coefficient, 8 = Notch angle, h = Head (ft) and

K = Head correction factor (ft).

Discharge measurements taken at sites SC018 were made using a calibrated bucket and
stopwatch to determine the volume per time. The outfall at the junction box across the
street from the captured spring was used to measure discharge, as it was the only
available place to do so. During the spring and summer, discharge at this site increased
enough to overflow the spring pond and junction box and cause a substantial portion of
the water to flow into the drainage ditch beside the road. During these times, discharge
was visually estimated. Spring discharge data for the selected sites are summarized in

Figure 3 (except for site SBO11).

Based on visual estimates, discharge at site SB013 remained at or below 0.01 CFS
throughout the monitoring period. From October 2005 to March 2006, and June 2006 to
August 2006, discharge at sites SC013 and SC018 was less than 0.2 CFS and greater than
0.04 CFS. Discharge increased for sites SC011, SC013 and SC018 following snowmelt
and early spring precipitation. Peak flow occurred in mid-May 2006 in response to heavy

precipitation.
Site SCO11 showed a significant response to 5+ inches of rain from early to mid-May.

Peak discharge was 3.34 CFS on June 2, 2006. Flow was greater than 1 CFS from April
1 to August 1, 2006.
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pH

The pH at each site ranged from the high 6’s to low 8’s, indicating that the alkalinity of
the outfall remained in the bicarbonate range throughout the monitoring period. This

range of pH is also to be expected, given that the water is flowing though carbonate-rich
sedimentary rocks. Also, there was a slight change in pH with the increase in discharge

during the spring of 2006. pH data are shown in Figure 4.
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Figure 3. Spring discharge rates and daily precipitation for Chilton, WI NWS
cooperative observation station. Dashed lines indicate estimated discharge rates.
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Figure 4. Spring pH levels, October 1, 2005 to August 28, 2006.

Dissolved Oxygen

Dissolved oxygen (DO) measurements varied widely between springs, as well as
temporally. Most of the temporal changes in DO are a result of mixing surface water as
well as atmospheric gasses. Measurements were made as close to the spring orifice as
possible. However, several of the springs were fairly shallow at the point of discharge,
allowing rapid mixing with the atmosphere. Dissolved oxygen measurements made in
this study are most likely not indicative of actual groundwater conditions, as the

measurements were made at the ground surface.

Spring SB011 had non-turbulent discharge because the spring orifice is an enlarged
bedrock fracture and therefore showed fairly consistent DO levels. The measurement
made on 5/15/06 should be treated as an outlier, as equipment problems during that site

visit made the data unreliable. Dissolved oxygen data are displayed in Figure 5.
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Specific Conductance

The specific conductance (SpC) measurements at each site remained fairly consistent
through the monitoring period, with several exceptions (Figure 6). Specific conductance
at site SB013 was approximately twice as high (~1.8mS/cm) as the other four sites (0.9
mS/cm). This is consistent with geochemical data (presented in later section). Peak SpC
at SBO13 occurred at the end of April 2006 following spring groundwater recharge.
Conductivity decreased at all springs following the early May 2006 precipitation events.

Temperature

Temperature measurements were made as close to the spring orifice as possible. These
temperature measurements did not necessarily reflect actual groundwater temperatures
because water-air interactions and solar radiation can quickly affect surface water
temperatures. Data show that there is a seasonal effect on water temperatures. Flow and
temperature also seem to show similar trends at some of the sites. As discharge

decreases, there is an increase in time for temperature exchange between the spring pool
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Figure 6. Spring specific conductance data (mS/cm), October 1, 2005 to August 28, 2006.
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and the atmosphere. This trend is most prominent at sites where there is a spring pool
(SCO11, SCO018, SB0O13), instead of direct discharge to a stream or underground piping.
Figure 7 shows temperature data collected over the monitoring period, as well as daily

high temperatures at the Chilton, WI weather monitoring station.
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Figure 7. Spring water temperature data and Chilton, WI NWS cooperative observer
station daily high air temperature, October 1, 2005 to August 28, 2006.

Anion Concentrations

Water samples were taken at each site to determine concentrations of sulfate, chloride,
nitrate and nitrite. Concentrations are expressed on an anionic basis (NOj’, SO, Cl'and
PO,>). Total dissolved phosphorus results of August 27 samples analyzed at GBMSD
were between 0.05 and 0.09 mg/L as P (Table 2). These concentrations are also likely

related to agricultural landuses in spring recharge areas.

Results from GBMSD indicated that TDP concentrations (Table 2) were well below the

sensitivity of the Varian ICP used for analysis at UW-Green Bay’s Instrument
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Table 2. Spring total dissolved phosphorus (TDP) concentrations (as P), 8/27/06.

Site ID Date TDP

SBo11 8/27/2006 0.05 mg/L
SB013 8/27/2006 0.05 mg/L

SCo011 8/27/2006 0.07 mg/L
SC013 8/27/2006 0.09 mg/L
SCo018 8/27/2006 0.07 mg/L

Laboratory. Nitrite was not found in any of the water samples. This is confirmed by the
CFC age dates, as nitrite typically converts to nitrate in a relatively short period of time.
Equipment problems with the ion chromatograph delayed analysis for the March 15,
2006 samples. Due to potential bacterial activity which can affect nutrient
concentrations, samples were run for only chloride and sulfate. Figures 6-8 show
chloride, sulfate and nitrate concentrations in samples taken at each site. Anion

concentration data can be found in Table 2 in Appendix B.

Geochemistry varied from site to site, as well as temporally within the same site. Anion
concentrations at site SB011 showed considerable variation for sulfate, but remained
relatively stable for chloride and nitrate. The variability of sulfate concentration at site
SBO011 is not well understood. Nitrate was detected in the October 1, 2006 sample, but in

quantities below the calibration curve.

Anion concentrations were substantially higher at site SB0O13 than the rest of the sites.
Nitrate (as NO3') was detected in some of the samples at SBO13, but all detected nitrate
concentrations were below the lowest calibration standard (3 mg/L). Sulfate and chloride
concentrations were 3-10 times higher at SB013 than all other sites. Chloride and nitrate
concentrations were substantially lower during a 1998 study of the same spring (Rimal,
1998). The increased anion concentrations observed at this site may be due to aquifer
disturbance caused by a large road construction project near the site from 2004 to 2005.
Concentrations varied over the course of the year, with the highest value observed in the

March 15, 2006 sample. All March 15, 2006 samples show a similar trend.

Anion concentrations at sites SC011, SC013 and SC018 show a very similar pattern in

temporal changes, are close in proximity to each other and share similar landuse in
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upgradient areas (Maps 7 and 9). Chloride concentrations showed a substantial drop in
the January 3, 2006 sample, and then rose again in the March sample. Sulfate

concentrations varied throughout the year, and showed an increase in concentration
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Figure 8. Spring chloride concentrations, October 1, 2005 to August 28, 2006.

during the winter, peaking in spring, and then gradually decreasing through the summer.
Nitrate concentrations ranged from 4.5 to 51.5 mg/L for SC013, from 7.8 to 65.4 mg/L
for SC011 and from 4.5 to 66.3 for SC018. Peak concentrations for SC013 occurred in
January and peak concentrations for SCO11 and SC013 occurred in July. The high
concentrations (>44 mg/L) followed the unusually wet May and may reflect nutrient

applications on agricultural land in close proximity to the springs.

during the winter, peaking in spring, and then gradually decreasing through the summer.
Nitrate concentrations ranged from 4.5 to 51.5 mg/L for SC013, from 7.8 to 65.4 mg/L
for SCO11 and from 4.5 to 66.3 for SC018. Peak concentrations for SC013 occurred in
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Figure 10. Spring nitrate concentrations, October 1, 2005 to August 28, 2006.
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January and peak concentrations for SC011 and SCO013 occurred in July. The high
concentrations (>44 mg/L) followed the unusually wet May and may reflect nutrient

applications on agricultural land in close proximity to the springs.

Total dissolved phosphorus results of August 27 samples analyzed at GBMSD were
between 0.05 and 0.09 mg/L as P (Table 2). These concentrations are also likely related

to agricultural landuses in spring recharge areas.

Cation concentrations

Water samples were taken at each site to determine concentrations of calcium,
magnesium, potassium, sodium, zinc and iron by ICP. Zinc and iron were either not
detected or were detected at levels below the calibration curve. Results from GBMSD
indicated that TDP concentrations (Table 2) were well below the sensitivity of the Varian
ICP used for analysis at UW-Green Bay’s Instrument Laboratory. Geochemistry varied
from site to site, as well as temporally within the same site. However, there was far less
variability in cation concentrations than in anion concentrations. Curréntly, there is
insufficient data to explain the difference in cation and anion concentrations. Alkalinity
measurements seem to support the trends seen in temporal cation concentration changes.
Alkalinity data are shown in Figure 11, and tabular data are shown in Table 3. Figures
12-15 show cation concentrations for all sites. Cation concentration data is in Appendix B

Table 3.

Table 3. Spring outflow alkalinity concentrations (mg/L CaCOs3)

Date SB011 | SB013 | SC011 | SC013 | SC018
10/1/2005 332 401 350 340 339

1/3/2006 365 402 320 337 380

3/14/2006 393 396 276 378 332

6/2/2006 389 370 296 368 324

7/15/2006 375 377 323 356 319

8/27/2006 359 401 332 341 334
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Figure 11. Spring alkalinity concentrations, October 1, 2005 to August 28, 2006.

Cation concentrations at sites SBO11 and SC013 show a seasonal trend that increases
during the spring and summer, then decreases during the fall and winter. This trend
seems to agree with spring discharge data. Alkalinity at this site also follows this trend.

Geologically, these sites are very similar, in that they both discharge from the Mayville

Formation and have no soil-water interaction.

Cation concentrations at sites SC011 and SC018 show a much different trend than sites
SBO11 and SCO13. The cation concentrations at these sites seem to have an inverse
relationship to discharge, where peak cation concentrations occur at low flow times, and
low concentrations occur during peak discharge. Alkalinity at these sites also follows

this trend. These sites are close to each other (within 1 mile) and are similar
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Figure 13. Spring potassium concentrations, October 1, 2005 to August 28, 2006.
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Figure 14. Spring calcium concentrations, October 1, 2005 to August 28, 2006.
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Figure 15. Spring magnesium concentrations, October 1, 2005 to August 28, 2006.
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geologically. Both springs flow through layers of gravel, sand and muck before reaching

the surface.

Site SB0O13 cation concentration data do not show any trends. Discharge rates remained
at a trickle throughout the monitoring period and cannot be used as a comparison.
Significant ground disturbance near the spring during a recent road construction project
may have impacted the geochemistry at this site. Winter deicing salts applied to a road
approximately 50 meters upgradient from the spring may also impact the geochemistry at

this site.
Piper Plots

Piper plots were used to compare cation, anion and alkalinity concentrations found in the
samples (Figures 13-18). Species concentrations are converted to milliequivalents, and
are then totaled and compared by the percentage of the total for each species.

Rockworks© was used to create the Piper plots and display the data.

Ionic balance for all sites differences range from 3.3% to 46.5%. This indicates that there
is either a problem with the analytical techniques used or that there are other unidentified
ions present in the sample. Calculations and procedures were double-checked to

eliminate the possibility of analytical error. Samples have only 48 hours hold time before

expiration, eliminating the possibility of re-running the samples.

The Piper plots for sites SBO11, SC011 and SC013 show that Mg accounts for

approximately 60% of the total cationic species, with Ca and Na+K each accounting for
approximately 20%. Temporal distribution of a cationic species show little change. The
samples are all bicarbonate-dominated, with sulfate and chloride concentrations varying

over time. Anions show far more variability with a wide range in values.
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Figure 16. Spring geochemical piper plot. All sites and sampling events included.
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SB013 Geochemical Distribution
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Figure 18. Site SB013 Piper Plot.
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SC013 Geochemical Distribution
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SC018 Geochemical Distribution
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Figure 21. Site SC018 Piper Plot.

Outliers are present for each site. However, the sample dates for the outliers vary from

site to site. This indicates that there is no analytical bias.

The Piper plot for site SB013 (Figure 18) shows cation concentrations that are roughly

equivalent for Ca, Mg and Na+K. Anion concentrations are widely scattered and are split

between sulfate-dominated and chloride-dominated. Outliers at site SB013 are samples
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taken on 1/3/06 and 3/15/06. The two highest ionic balance difference values (15.8% and
46.5%) are associated with these two samples, respectively. Ionic balance for the other

four samples ranged from 3.3% to 9.4%.

Cation concentrations for all SC018 (Figure 21) samples are approximately 40% Mg,
40% Ca and 20% Na+K. All samples show very similar milliequivalent concentrations
for cations. Anion concentrations vary much more than cation concentrations, and are all
bicarbonate-dominated, with varying amounts of chloride and sulfate. Ionic balance

differences vary between 8.8% and 29.7%.

Sites SBO11, SC011 and SCO013 have very similar geochemistry. Site SC018 is slightly
different than the three previously mentioned sites, in that it has a Mg:Ca:Na+K ratio of
approximately 40:40:20, instead of the 60:20:20 ratio seen at the other sites. Anions at

all four of these sites are very similar, and are all bicarbonate-dominated.

Site SB013 is substantially different from the other four sites (Figure 16). Cations are

almost evenly proportioned, and anions are chloride and sulfate-dominated (Figure 18).

CFC Age-Dating

CFC age-date samples were taken October 1, 2005 and June 3, 2006 to determine the
residence time of groundwater in this system. Gas samples were taken using the
Pumping-Induced Ebullition (PIE) method developed by Browne (2004). Samples were
collected and shipped to the Trace Gas Analysis Laboratory at UW-Stevens Point for
analysis. Results varied by site, with a range in age dates from 1966 to 1985 for the
October samples, and 1976 to 1986 for the June samples. Difference in age date also
showed a wide range, from -2.6 years for site SC018 to +9.8 years for site SBO11. CFC
age-date results are listed in Table 4. Average apparent age-dates for groundwater at the

Calumet County sites are within approximately two years of each other.
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Table 4. Apparent CFC Age-date results.

Average Average | Difference
Site ID || Oct2005 | June 2006 [ Jun-Oct | Average |
SB011 1966.3 1976.0 9.8 1971.1
SC013 1983.2 1981 -2.2 1982.1
SC018 1985.8 1983.3 -2.6 1984.5
SCo011 1981.0 1986.3 5.3 1983.7
SB013 1977.5 1976.8 -0.8 19771

Several factors may be responsible for the difference in age-dates. Groundwater flow
through a fractured dolostone aquifer can have dramatic changes in flow rate over short

periods of time. This will also affect residence time, which the CFC age-date measures.

Contamination of the samples with modern atmospheric gasses can also affect CFC age-
date results. Samples were taken with care to avoid contamination. However,
groundwater interaction with the atmosphere is possible in shallow aquifers, especially in

areas where sink holes are common and there is thin soil covering the bedrock.

Lastly, mixing groundwater of different ages can also affect age dates. An increase in
water table elevation can cause two previously unmixed parts of an aquifer to contact

each other in a fractured dolostone aquifer.
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Ecological Assessments

Site landscape context, environment, habitat

Site SB013

Landscape context

Within a mesic upland forest along the Niagara escarpment near the Green Bay of Lake
Michigan, in a suburban setting on a university campus. Increasing development to the
east could possibly impact the water table. A Typha/Phalaris marsh is located to the
west, a spring fed pond to the NW, and additional ponds on the campus.

Site description

Evidence of a historic dwelling includes a stone wall, cellar pit and bermed pool at
spring. Current anthropogenic disturbance is from frequent hiking, biking and occasional
maintenance vehicle use of a trail routed along the channel. There are roads within 50 m
of the site. At the time of the survey, there was no flow out of the dug pool, and flow

within the channel was quickly dissipated. The channel was unvegetated.

Wildlife observations

5 Rana Clamitans within the dug pool.

Site SBO11

Landscape context

Within a mesic upland forested valley within a matrix of agricultural fields (currently
closest fields are planted to alfalfa).

Site description

Valley is approximately 100 m wide, with a flat terraced bottom & steep sides. A dirt
road accesses the spring area. Spring flow has been diverted to a bottling plant piping
accessible through a vertical culvert. Forested hillsides have been cutover, and the area
near spring culverts suggests recent grading, which may explain the lack of tall trees in
the immediate area. Hillsides have sparse undercover, however the presence of a few
spring flowering plants suggests more undercover may be present before leafout. The

sparse layer of leaf litter suggests a high degree of runoff during rain events. The
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channels are primarily unvegetated but, at the time of the plant survey, mostly moist with

only short stretches of water flow.

Wildlife observations
Numerous deer tracks, a few raccoon tracks, Catbird heard, Red-tailed Hawk (Buteo

Jjamaicensis) seen overhead, 5 Rana clamitans seen in inundated ruts of access road.

Site SC013

Landscape context

Within a matrix of fields and agricultural fields below the Niagara escarpment within 1
mile of Lake Winnebago. Stream channel flows into the lake, passing through a culvert

under the 2-lane highway crossing at the foot of the site.

Site description

This site has a high degree of disturbance, both anthropogenic and by livestock. The site
is located within an active pasture, near corn fields. Habitat changes from east to west.
Three springs, and likely more seeps, emerge within 15 m of each other near the base of
the steep escarpment within a shrubby woods. There are narrow animal trails lacing the
hillside. Fine soil has been washed out in this area, before the flow merges into a narrow
channel. An additional spring, with a narrow swath of riparian vegetation, joins the
channel about 30 m downstream. Scattered low trees grow along the middle length of
channel. The lower channel, just east of the highway, is extremely muddied and trampled

by cattle. The farm residence makes use of piped spring water for garden watering.

Wildlife observations

1 Rana pipiens seen near the muddied lower channel.
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Site SCOI1
Landscape context
Primarily agricultural, with additional riparian vegetation (Typha/sedge meadow to the

north) near the site. Channel flows approximately 2 miles to enter Lake Winnebago.

Site description

The springs are in a farmyard, emerging within 30 m of a road. Several springs emerge
into a large pool which flows into a channel passing through a culvert under the road
where it joins an additional channel from a spring to the south emerging in the lawn, with
channel passing through a second culvert and routed along the road. There is a very wide
buffer (>100m) of Salix swamp (to the north)/meadow (to the south) along the channel to
the west of the road. Although there is a great deal of anthropogenic disturbance near the
springs (mowed lawn, corn fields), the channels appear to be more or less left alone. The
buffer around the pool varies from ~3m to the south to >50m to the north, while the
buffer around the southern spring is ~1 m each side. Mid-canopy trees are on the north
side of the pool only, and corn field to the east of the pool and to the south of the

southern spring.

Wildlife observations

Rana clamitans observed in the pool.

Site SC018

Landscape context

Within a matrix of agricultural fields. Channel flows approximately 2 miles to enter
Lake Winnebago.

Site description

Spring emerges into a dug pool just below a corn field, with a channel crossing within 10
m through a culvert under a road and then immediately captured by piping. This enters a
trough within a mowed yard. In the past, the water was used by the farm and house, but is
now let free east of the barnyard. This site has a high degree of anthropogenic

disturbance. The slope between the pool and the corn field was pretty bare at a mid-June
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visit, indicating no recent filtration of runoff from the field. By the time of the plant
survey, a number of adventive plants had begun colonizing the area. Apparently a tree
(Salix sp.) was recently cut down and some burning was done. This disturbance likely
had a great effect on water quality, and the lack of shade and leaf litter input may create a
different future aquatic environment than previously present. A visit in mid-August

showed adventive species had covered >90% of the bare soil.

Wildlife observations

3 Rana clamitans seen in the pool, and more unidentified frogs glimpsed.

Aquatic Invertebrates
The spring at site SBO11 was not sampled due to the fact that the spring discharge is

captured and diverted to a bottling facility. Because of the small pool size and low flow
level, the spring at site SB013 was sampled by disturbing the bottom. Only a small
number of invertebrates were obtainable. When a single taxa was dominant (i.e. Isopoda
at SC018 pool), excess individuals were ignored while the tray was searched for
additional taxa. Invertebrate species lists and data are located in Appendix B Tables 4-11.
Plant survey lists are located in Appendix B Tables 12-21. Site description forms and

geomorphology datasheets are located in Appendix C.

Summary
Based on our observations none of the sites meet the spring discharge rates (>1 CFS for

80% of the time) required for protection under Wisconsin Act 310.

Geochemistry of the spring waters is affected most by upgradient land use and
interactions between groundwater and the substrate it flows through. Geochemically,
spring flow at SB013 is significantly different from the other sites. The other sites show
similar geochemical characteristics. Spatial and temporal trends can be seen in the data
at some sites, while others seem to have less order. Alkalinity and cation concentrations
seemed to follow the same trends, while anion concentration appears to be more

independent.
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All sites within the study area have some degree of anthropogenic disturbance, ranging
from being close to recreational areas to capture and diversion for use as an economic
resource. Site disturbances have had a significant impact on plant and invertebrate
communities. All springs except for site SB0O13 are located in agricultural areas and are

at risk of contamination from nutrients applied upgradient.

Conclusions

This study has provided a full year of baseline data, and should be followed up with long-
term study. The use of continuous monitoring equipment, such as a Hydrolab MS4a or
MSS5 Datasonde, combined with continuous flow monitoring would improve data
resolution and allow a better comparison of precipitation and discharge This would also
make it possible to determine how flow rates affect basic spring water chemistry.
Decreasing the amount of time between water quality sampling events would also help

resolve the data.

Springs in the study area do not fall under the protection of Wisconsin Act 310 because
none of the springs discharged at a rate of 1 CFS for 80% of the time. Site SC011 did
reach discharge rates greater than 1 CFS, but only for approximately 25% of the

monitoring period.

Anthropogenic disturbances at all sites have diminished habitat quality at all sites. None
of the springs in the study area have a completely native ecology. However, many of the

sites do retain some native species and provide needed habitat.
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Table 1. Bi-weekly monitoring data.

SpC D.O. Stage Q
Spring Date Temp C [ (mS/cm) (mg/L) pH D.O. % (cm) (CFS)
SB011 || 9/30/2005 8.90 0.825 1.54 7.50 13.1 N/A *
SB011 || 10/14/2005 | 8.75 0.798 1.33 7.60 12.3 N/A *
SB011 | 10/27/2005 | 8.67 0.796 1.61 7.72 15.0 N/A *
SB011 || 11/11/2005 | 8.95 0.824 2.25 7.84 20.6 N/A *
SB011 1/3/2006 8.61 0.814 2.10 7.96 19.3 N/A *
SB011 | 3/23/2006 8.21 0.892 2.27 7.88 19.7 N/A *
SB011 || 4/14/2006 8.24 0.879 1.76 7.81 14.6 N/A *
SB011 || 4/29/2006 8.30 0.889 1.18 7.25 10.0 N/A *
SB011 || 5/15/2006 8.45 0.769 8.06 8.19 67.7 N/A *
SB011 6/2/2006 8.43 0.980 0.99 8.09 8.7 N/A *
SB011 | 6/17/2006 8.57 0.943 1.056 7.41 9.3 N/A *
SB011 || 6/29/2006 8.70 0.897 1.60 7.56 12.3 N/A *
SB011 || 7/31/2006 8.62 0.755 1.07 7.96 9.1 N/A *
SB011 | 8/14/2006 8.61 0.742 1.10 7.32 9.7 N/A *
SB011 || 8/28/2006 8.64 0.799 1.14 7.39 9.9 N/A *

SpC D.O. Stage Q
Spring Date Temp C | (mS/cm) (mg/L) pH D.O. % (cm) (CFS)
SB013 | 10/2/2005 14.72 1.770 1.03 7.48 10.2 N/A **
SB013 | 10/14/2005 [ 13.11 1.700 1.55 7.39 14.3 N/A **
SB013 || 10/27/2005 [ 10.79 1.690 1.20 7.56 11.0 N/A **
SB013 || 11/11/2005 | 11.02 1.730 1.41 7.42 13.3 N/A **
SB013 1/4/2006 5.99 1.910 2.52 7.44 21.0 N/A **
SB013 || 3/23/2006 4.68 1.750 7.34 7.66 58.3 N/A **
SB013 || 4/14/2006 6.03 1.840 5.78 7.70 471 N/A **
SB013 || 4/29/2006 6.79 1.980 4.27 7.93 35.5 N/A *
SB013 || 5/15/2006 7.38 1.660 6.14 8.23 51.3 N/A **
SB013 f| 6/2/2006 8.57 1.560 3.03 8.08 28.4 N/A **
SB013 [ 6/17/2006 9.37 1.640 4.43 7.75 40.2 N/A **
SB013 || 6/29/2006 10.27 1.610 3.51 7.30 31.1 N/A **
SB013 | 7/31/2006 12.63 1.530 4.47 6.89 42.6 N/A **
SB013 || 8/14/2006 13.23 1.530 3.09 6.83 30.1 N/A **
S$B013 || 8/28/2006 13.68 1.720 2.38 6.80 23.5 N/A **
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Table 1. Continued

SpC D.O. Stage Q
| Spring Date Temp C [ (mS/cm) (mg/L) pH D.O. % (cm) (CFS)
S$C011 | 10/1/2005 11.85 0.739 10.18 8.02 94.2 6.1 0.04
SC011 | 10/14/2005 | 11.90 0.934 6.25 7.59 58.6 4.4 0.02
SCO011 | 10/27/2005 | 10.88 0.934 7.40 7.87 65.0 4.1 0.02
SCO011 | 11/11/2005 | 10.87 0.961 6.50 7.99 61.9 5.1 0.03
SC011 1/3/2006 8.55 0.911 8.60 7.48 75.1 0.02°
SCO011 || 3/24/2006 6.14 0.740 10.78 7.83 88.1 0.5°
SCO011 || 4/14/2006 6.28 0.803 9.65 8.08 77.8 2°
SCO011 || 4/29/2006 6.90 0.837 8.87 7.74 72.8 2°
SCO011 | 5/15/2006 7.56 0.802 7.69 8.27 64.5 297
SC011 6/2/2006 8.33 0.882 7.29 7.97 65.1 3.34
SCo011 || 6/17/2006 8.99 0.927 7.69 7.57 68.8 224
SC011 || 6/29/2006 9.41 0.901 8.37 7.60 72.4 1.81
SC011 || 7/31/2006 9.21 0.827 6.02 7.45 58.1 12
SCO011 || 8/14/2006 13.01 0.847 6.03 7.11 58.3 0.47
SCO011 || 8/28/2006 12.97 0.954 5.96 7.09 57.8 0.19
SpC D.O. Stage Q
|_Spring Date Temp C | (mS/cm) (mgiL) pH D.0. % (cm) (CFS)
S$C013 | 10/1/2005 14.33 0.924 6.73 7.47 67.3 6 0.04
SCO013 |l 10/14/2005 | 10.52 0.736 9.30 7.98 84.5 6.4 0.05
SCO013 || 10/27/2005 | 10.36 0.735 9.85 8.28 87.6 5.8 0.04
S$C013 | 11/11/2005 | 10.20 0.735 9.89 8.40 89.8 6.1 0.04
SC013 1/3/2006 8.91 0.688 10.52 8.30 92.9 7.1 0.07
SC013 || 3/24/2006 8.07 0.757 11.61 8.22 100.4 12.3 0.26
SC013 || 4/14/2006 8.03 0.768 11.00 7.99 93.3 11.5 0.22
SC013 || 4/29/2006 8.14 0.758 10.84 8.30 91.9 10.2 0.16
SCO013 || 5/15/2006 8.29 0.660 9.00 8.45 76.7 12.8 0.29
SC013 || 6/2/2006 8.56 0.798 9.02 8.43 80.7 11 0.19
SCO013 || 6/17/2006 8.81 0.781 9.51 8.02 84.6 8.1 0.09
SCO013 || 6/29/2006 9.03 0.740 10.32 7.90 88.3 7.5 0.08
SC013 || 7/31/2006 9.72 0.672 8.96 8.03 79.1 8 0.09
SC013 || 8/14/2006 9.98 0.672 9.44 7.84 85.3 71 0.07
SC013 || 8/28/2006 10.20 0.730 9.21 7.77 83.7 6 0.04
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Table 1. Continued

SpC D.O. Stage Q
| Spring Date Temp C [ (mS/cm) (mg/L) pH D.O. % (cm) (CFS)
SC018 || 10/1/2005 10.20 0.793 5.26 7.37 47.6 N/A 0.04
SC018 | 10/14/2005 10.84 0.801 4.82 7.58 45.5 N/A 0.05
SC018 | 10/27/2005 | 10.36 0.735 9.85 8.28 87.6 N/A 0.04
SC018 f 11/11/2005 | 10.09 0.817 6.12 7.89 54.0 N/A 0.04
SC018 1/3/2006 10.02 0.828 5.22 7.45 47.2 N/A 0.04
SC018 || 3/24/2006 9.34 0.762 6.71 7.79 59.0 N/A 0.3°%
SC018 || 4/14/2006 9.09 0.783 7.98 7.29 69.2 N/A 0.32
SC018 || 4/29/2006 8.96 0.796 7.71 7.89 65.0 N/A 0.3?2
SC018 [ 5/15/2006 8.84 0.769 6.36 8.07 54.6 N/A 0.4°
SC018 6/2/2006 8.96 0.858 5.72 8.14 52.0 N/A 0.15°
SC018 || 6/17/2006 9.06 0.869 6.58 7.60 59.0 N/A 0.1°
SC018 | 6/29/2006 9.03 0.827 6.95 7.49 59.9 N/A 0.15%
SC018 | 7/31/2006 9.51 0.777 6.24 7.64 55.1 N/A 0.15%
SC018 | 8/14/2006 9.66 0.758 6.18 7.15 55.4 N/A 0.2°
SC018 | 8/28/2006 9.75 0.738 6.91 7.34 62.7 N/A .22

* Unable to measure flow — spring is captured and diverted to bottling plant.

** Spring discharge too low to measure and no channel is formed to contain flow.

? Discharge visually estimated.
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Table 2. Anion concentration data.

SB011 || Chloride Nitrate Sulfate
10/1/2005 18.8 7.6
1/3/2006 5.8 24.3 161.1
3/15/2006 18.1 139.1
6/2/2006 18.2 8.1 100.8
7/15/2006 20.1 11.3 26.9
8/27/2006 19.7 11.8 112.0
SC011 || Chloride Nitrate Sulfate
10/1/2005 60.5 7.8 19
1/3/2006 9.5 17.8 29.5
3/15/2006 49.2 62.9
6/2/2006 47.9 65.4 12.9
7/15/2006 65.1 65.1 26.4
8/27/2006 67.0 63.0 24.8
SC018 || Chloride Nitrate Sulfate
10/1/2005 26.6 4.5 3.0
1/3/2006 4.4 45.3 45.7
3/15/2006 41.0 70.0
6/2/2006 31.2 34.0 18.8
7/15/2006 47.0 66.3 31.8
8/27/2006 51.2 57.6 29.8
SB013 Chloride Nitrate Sulfate
10/1/2005 275.7 | ND 23.5
1/3/2006 386.9 | ND 341.1
3/15/2006 919.5 967.5
6/2/2006 314.8 | ND 148.8
7/15/2006 223.4 270.2
8/27/2006 201.2 20.5 239.3
SC013 Chloride Nitrate Sulfate
10/1/2005 12.0 4.4 2.1
1/3/2006 2.7 51.5 32.3
3/15/2006 27.5 82.9
6/2/2006 10.6 38.0 19.7
7/15/2006 141 38.9 27.3
8/27/2006 17.4 38.1 26.4
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Table 3. Cation concentration data.

SB011 | Na(mg/L) K(mg/L) | Mg (mg/L) | Ca(mg/L)
10/1/2005 9.6 63.4 61.3 56.1
1/3/2006 9.6 63.4 62.1 62.4
3/15/2006 14.4 69.0 81.8 69.0
6/2/2006 15.4 78.4 91.5 78.7
7/15/2006 15.6 74.5 91.9 771
8/27/2006 14.9 68.6 83.4 71.7
SC011 || Na (mg/L) K(mg/L) | Mg (mg/L) | Ca(mg/L)
10/1/2005 15.8 58.2 51.7 771
1/3/2006 29.3 75.9 64.0 102.7
3/15/2006 15.0 50.2 47.2 78.8
6/2/2006 20.0 47.0 50.4 86.6
7/15/2006 20.0 52.7 53.3 91.6
8/27/2006 22.3 64.5 67.1 129.1
$C018 | Na (mg/L) K(mg/L) | Mg (mg/L) | Ca(mg/L)
10/1/2005 6.3 54.0 62.6 51.5
1/3/2006 8.8 72.3 80.1 62.6
3/15/2006 11.8 49.8 73.9 50.2
6/2/2006 11.6 56.1 84.2 56.5
7/15/2006 11.0 55.0 86.5 59.0
8/27/2006 12.7 61.1 123.5 68.3
SB013 | Na (mg/L) K(mg/L) | Mg (mg/L) | Ca(mg/L)
10/1/2005 75.6 79.4 105.6 69.6
1/3/2006 75.6 95.9 115.6 77.4
3/15/2006 134.3 68.0 119.6 68.8
6/2/2006 123.1 70.7 124.2 71.7
7/15/2006 155.0 79.6 138.9 75.9
8/27/2006 126.7 68.5 143.4 74.7
SC013 | Na (mg/L) K(mg/L) | Mg (mg/L) | Ca(mg/L)
10/1/2005 4.5 56.6 51.7 64.7
1/3/2006 3.2 46.1 45.4 56.3
3/15/2006 5.5 54.8 53.9 76.9
6/2/2006 6.2 64.9 62.7 87.5
7/15/2006 5.6 56.6 60.7 83.7
8/27/2006 4.7 55.4 56.0 87.3
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Table 4. Invertebrates at SC013, collected in channel east of road culvert in
area frequently trampled by livestock, on July 14, 2006.

Order/Family Count [Shannon-Wiener [Simpson
Amphipoda 61 -0.578454365| 0.207228781
Isopoda 7 -0.017696494( 0.002728893
Diptera/Chironomidae 43 -0.282319478| 0.102973936
IDiptera/Simuliidae 9 -0.024869955| 0.004511027
Ephemeroptera/Baetidae 4 -0.008500743| 0.000891067
Trichoptera/Odontoceridae 1 -0.001523669| 5.56917E-05
Oligochaeta 2 -0.003549694| 0.000222767
Coleoptera/Dytiscidae 6 -0.014415635| 0.002004901
Gastropoda 1 -0.001523669| 5.56917E-05
Total (Abundance)| 134
Richness 9
Index 0.93 3.12
Heterogeneity 0.423 0.347

Table 5. Invertebrates at SC01 3, collected below confluence of seeps and

springs, where channel narrows, on July 14, 2006.
Order/Family Count  [Shannon-Wiener Simpson
Amphipoda 129 -11.26027577|  0.849030612
Isopoda 2 -0.003362535|  0.000204082
Trichoptera/Brachycentridae 3 -0.005575957|  0.000459184
Trichoptera/Limnephilidae 1 -0.001445442  5.10204E-05
Oligochaeta 4 -0.008036183  0.000816327
Coleoptera/Dytiscidae I -0.001445442]  5.10204E-05
Total (Abundance) 140
Richness 6
Index 11.28 1.18
Heterogeneity 6.295 0.197
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Table 6. Invertebrates at SC011-Main channel, collected about 20 m west of the
road on July 14, 2006. Site selected to have a minimum of overhanging plants
straining the water and water level not overtopping net.

Order/Family Count  [Shannon-Wiener Simpson
Amphipoda 105 -2.181666059 0.517217114
Isopoda 29 -0.122891054 0.03945393 1
Diptera/Chironomidae 4 -0.007616036 0.00075061
Diptera/Tipulidae 1 -0.001374369 4.69131E-05
Trichoptera/ Lepidostomatidae ] -0.001374369 4.69131E-05
Gastropoda 6 -0.012875269 0.001688872
Total (Abundance) 146
Richness| 6
Index 233 1.79
Heterogeneity 13 0.298

Table 7. Invertebrates at SCO11, south spring, collected east of road edge, on
July 14, 2006.
Order/Family Count _ |Shannon-Wiener Simpson
Amphipoda 16 -0.064559149] 0017199678
Isopoda 86 -2.015930666]  0.496909433
Diptera/Chironomidae 2 -0.003987824|  0.000268745
Diptera/Tipulidae 3 -0.006636289  0.000604676
Coleoptera/Elmidae 2 -0.003987824]  0.000268745
Trichoptera/Brachycentridae 2 -0.003987824 0.000268745
Trichoptera/Limnephilidae | -0.001706221 6.71862E-05
Oligochaeta 1 -0.001706221|  6.71862E-05
Coleoptera/Dytiscidae 9 -0.028299291| 0005442085
Total (Abundance) 122
Richness 9
Index A E 1.92
Heterogeneity 0.969 0.213
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Table 8. Invertebrates at SCO1 1, north spring, collected where pool enters
channel, on July 14, 2006.
Order/Family Count  |Shannon-Wiener Simpson
Amphipoda 64 -0.235602669|  0.084628099
[sopoda 138 -1.344999751|  0.393471074
Arachnida/Hydracarina 15 -0.025388142]  0.00464876
Coleoptera/Hydrophilidae 3 -0.003174928]  0.00018595
Total (Abundance) 220
Richness 4
Index 1.61 2.07
Heterogeneity 1.161 0.518
Table 9. Invertebrates at SB013, collected in the pool, on July 14, 2006.
Order/Family Count  [Shannon-Wiener Simpson
Amphipoda 27 -0.318338911]  0.116808204
Isopoda 34 -0.510480626]  0.185226726
Diptera/Chironomidae 4 -0.016972949|  0.002563692
Ephemeroptera/Ephemeridae 1 -0.002896986|  0.000160231
Hirudinea 1 -0.002896986|  0.000160231
Oligochaeta 7 -0.036561261)  0.007851306
Coleoptera/Dytiscidae 4 -0.016972949]  0.002563692
Mollusca 1 -0.002896986]  0.000160231
Total (Abundance) 79
Richness 8
Index 0.91 3.17
Heterogeneity 0.438 0.396

moss), on July 14, 2006.

Table 10. Invertebrates at SC018, collected in pool (including within floating

Order/Family Count  [Shannon-Wiener Simpson
Amphipoda 3 -0.003593917|  0.000227267
Isopoda # 190 -20.630042]  0.911593142
Coleoptera/Hydrophilidae I -0.000949336|  2.52519E-05
Coleoptera/Dytiscidae 5 -0.006820449|  0.000631297
Total (Abundance) 199
Richness 4
Index 20.64 1.1
Heterogeneity 14.889 0.275




Table 11. Invertebrates at SC018, collected in channel east of road culvert, on
July 14, 2006.

Order/Family Count Shannon-Wiener |[Simpson

Amphipoda 57| -0.088945186]0.026221914
Isopoda 214 .1221638182{0.369608729
Diptera/Chironomidae 66 _0.112008745| 0.03515625
Diptera/Tipulidae 2| .0.001098895]3.22831E-05
Plecoptera 1| _0.000484497|8.07076E-06
Coleoptera/Haliplidae 1| _0.000484497|8.07076E-06
Coleoptera/Dytiscidae 5| -0.0033389520.000201769
Gastropoda 6| -0.004186147/0.000290548

Total (Abundance) 352

Richness 8
Index 1.43 2.32
Heterogeneity 0.688 0.29




Table 12. SB011 Vegetation survey.

Coefficient of | Wetland
Species CS-H CS-T CH Conservatism | Indicator
Acer saccharum 4 1 5| FACU
| Agrimonia gryposepala 0 2 | FACU+
Amphicarpaea bracteata 0 5| FAC
Anemone americana 0 7
Arctium minus 1 0
Arisaema triphyllum 0 5 | FACW-
Aster macrophylius 2 1 4
Brachyelytrum erectum 0 7
Carex pensylvanica 2 3
Carex sp. 1 1 0
Carpinus caroliniana 2 0 6 | FAC
Circaea lutetiana 1 1 2 | FACU
Fagus grandifolia 2 0 8 | FACU
Fragaria virginiana 1 1| FAC-
Fraxinus pennsylvanica 3 2 2 | FACW
Galium triflorum 1 5 | FACU+
Geranium maculatum 1 1 4 | FACU
Geum canadense 0 2 | FAC
Hackelia virginiana 1 3 | FAC-
Hamamelis virginiana 1 7 | FACU
Elymus hystrix 0 6
Impatiens capensis 1 2 | FACW
Enemion biternatum 1 7 | FAC
Lonicera canadensis 0 8 | FACU
Maianthemum canadense 0 5| FAC
Onoclea sensibilis 1 5 | FACW
Ostrya virginiana 0 0 5 | FACU-
Oxalis stricta 0 0 | FACU
Parthenocissus vitacea 0 2 4 | FACU
Echinochloa crusgalli 1 FACW
Phryma leptostachya 0 5| UPL*
Pilea pumila 1 3 | FACW
Polygonatum pubescens 1 0 6
Prunus virginiana 1 0 3 | FAC-
Quercus rubra 4 5| FACU
Rhus hirta 1 2
Ribes missouriensis 1 1 4
Rubus idaeus 1 3 3 | FACW-
Rubus occidentalis 2 2
Sambucus canadensis 1 3 | FACW-
Sambucus racemosa 1 5
Solanum dulcamara 1 0 [ FAC
Solidago sp 0 1 0
Streptopus lanceolatus 0 0 7 | FAC
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Coefficient of | Wetland
Table 12 (continued) CS-H CS-T|CH Conservatism | Indicator
Taraxacum officinale 0 1 0| FACU
Tilia Americana 0 2 5| FACU
Trillium grandiflorum 0 1 6
Uimus rubra 2 4 | FAC
Urtica dioica 1 1 | FAC+
Viburnum acerifolium 0 7 | UPL*
Viola sp 1 0
Vitis riparia 0 1 2 | FACW-
Species richness 52
mean C | 3.711538
FQI | 26.76428
Table 13. SB011 Strata percentage
Geomorphic | Veg Strata cover Substrate Cover
Surface Soil
Type T|C|S|H|M|A|[Moisture |1 ]2|3]|4]|5[6]|7|8|WD]|LI|SL|OT|Describe
CH 2-6 1(2|1]4(4]|4
CS-H 51232 1/4/411(1]3]3|3[2 2
CS-T 212|5|4 21414[/1]1113]3]3 1
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Table 14. SB013 Vegetation survey.

Coefficient of Wetland
Species PL CS-F CS-WM | CH Conservatism Indicator
Acer negundo 4 1 0 [ FACW-
Ambrosia artemisiifolia 1 0 | FACU
Aquilegia canadensis 1 5 | FAC-
Arctium minus 1 0
Arisaema triphyllum 0 5 | FACW-
Asarum canadense 0 7
Carya ovata 0 5| FACU
Circaea lutetiana 1 2 | FACU
Cirsium arvense 1 3 0 [ FACU
Cornus racemosa 2 2
Crataegus sp 2 0
Fraxinus americana 4 1 5 | FACU
Geum canadense 1 1 2 | FAC
Glechoma hederacea 1 0 | FACU
| grasses 1
Hackelia virginiana 0 3 | FAC-
Impatiens capensis 1 5 2 | FACW
Enemion biternatum 0 7 | FAC
Lonicera x bella 1 0 | NI
Maianthemum canadense 1 5| FAC
moss 5 1 1
Oxalis stricta 1 2 0 | FACU
Parthenocissus
quinquefolia 2 1 5 [ FAC-
Phalaris arundinacea 4 0 | FACW+
Prunus serotina 3 3 | FACU
Quercus macrocarpa 0 5 | FAC-
Ribes cynosbati 2 2 3
Rosa blanda 0 4 | FACU
Rubus occidentalis 0 2
Rubus pubescens 0 7 | FACW+
Sambucus racemosa 0 5
sedge 2
Solanum dulcamara 2 0| FAC
Solidago sp 2 1 0
Taraxacum officinale 1 0 | FACU
Thuja occidentalis 2 9 | FACW
Tilia americana 2 5| FACU
Toxicodendron rydbergii 0 2 [ FAC
Vitis riparia 1 0 2 | FACW-
Species richness 39
mean C | 2.615385
FQI | 16.33307
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Table 15. SB013 Strata percentage

Geomorphic Veg Strata cover Substrate Cover

Surface Soil

Type T|C|S|H|M]|A|Moisture [1]|2 4(5|6|7|(8|WD]|LI|SL|OT| Describe

PL 5 6 515 2

CS-WM 116 4(2]2 313 2|12

CS-F 2|15|5|4 112]2 3|3 2] 2

Table 16. SC011 Vegetation survey.

CS- CS- Coefficient of | Wetland

Species PL upland | riparian | CH Conservatism | Indicator
Acer negundo 1 0 [ FACW-
Elytrigia repens 1 0 | FACU

| Agrostis gigantea 1 0 [ NI
Arctium minus 1 0
Asclepias syriaca 1 1
Aster sp. 1 0
Caltha palustris 0 6 | OBL
Carex hystericina 1 3| OBL
Carex scabrata 1 8 | OBL
Cichorium intybus 1 0
Cicuta maculata 0 6 | OBL
Cirsium arvense 1 0 [ FACU
Cirsium vulgare 1 0 | FACU-
Cornus stolonifera 1 3 | FACW
Coronilla varia 1 0
Echinochloa crusgalli 1 0 [ FACW
Epilobium angustifolium 0 3 | FAC
Erigeron annuus 1 0 | FAC-
Eupatorium perfoliatum 1 6 | FACW+
Euthamia graminifolia 1 4 | FAC
Fraxinus americana 1 5 | FACU
Galium aparine 0 2 | FACU
Geum canadense 0 2 | FAC
Glechoma hederacea 1 0 | FACU
Glyceria grandis 2 6

| grasses 4
Impatiens capensis 4 2 | FACW
Lactuca sp 1 0
Leonurus cardiaca 1 0
Lychnis vulgare 1 0
Melilotus alba 1 0 | FACU
Mentha x piperita 4 0| OBL
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CS- CS- Coefficient of | Wetland
Table 16 (continued) PL | upland | riparian | CH Conservatism | Indicator
moss 2
Nasturtium officinale 5 0 | OBL
Oenothera biennis 0 1 | FACU
Parthenocissus
quinquefolia 1 5| FAC-
Echinochloa crusgalli 2 FACW
Phleum pratense 2 0 | FACU
Phryma leptostachya 0 5| UPL*
Poa pratensis 2 0 | FAC-
Polygonum aviculare 1 0 | FAC-
Polygonum
hydropiperoides 1 6 | OBL
Potentilla sp 1 0
Prunus serotina 0 3 | FACU
Rubus idaeus 1 3 | FACW-
Rumex crispus 1 0 | FAC+
Salix exigua 4 2 | OBL
Sambucus canadensis 1 3 | FACW-
Scirpus atrovirens 1 3] OBL
sedge 2
Solanum dulcamara 1 2 0| FAC
Solidago sp 1 0
Thalictrum dioicum 0 7 | FACU+
Trifolium hybridum 1 0 | FAC-
Typha angustifolia 2 0 | OBL
Typha latifolia 2 1] OBL
Urtica dioica 2 1 | FAC+
Verbena hastata 1 3 | FACW+
Veronica anagallis-
aquatica 4| OBL
Vitis riparia 1 1 2 | FACW-
Zea mays 4
Species richness 61
mean C | 1.737705
FQl [ 13.57191
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Table 17. SCO011 Strata percentage.

Geomorphic |  Veg Strata cover Substrate Cover

Surface Soil

Type TIC|S|H|M|A|[Moisture |12 |3[4]|5[6]|7|8|WD|LI|SL|OT | Describe

PL 215 6 4122 4 | Muck

CS-upland 1[0 6 21414 2(2

CS-riparian 415 5 4141414

CH 214 6 41444

Table 18. SC013 Vegetation survey.

CS- CSs- Coefficient of | Wetland

Species CH pasture | woods | BW Conservatism | Indicator
Acer saccharum 1 2 5| FACU

| Agrostis gigantea 1 0| NI
Ambrosia artemisiifolia 1 0 0 [ FACU
Arctium minus 1 0
Circaea lutetiana 2 2 | FACU
Cirsium arvense 2 0 | FACU
Cirsium vulgare 1 0 | FACU-
Crataegus sp. 1
Daucus carota 2 0
Equisetum arvense 1 1| FAC
Fragaria virginiana 1 1 | FAC-
Galium mollugo 0 0
Geum canadense 0 2 | FAC

| grasses 4 3 4
Impatiens capensis 2 2 | FACW
Lonicera x bella 2 0 [ NI
Lychnis vulgare 1 0 0
Medicago lupulina 0 0 [ FAC-
Morus alba 0 0 | FAC
moss 1
Nasturtium officinale 5 0 | OBL
Nepeta cataria 2 0 | FAC-
Oxalis stricta 1 0 0 | FACU
Parthenocissus vitacea 0 4 | FACU
Echinochloa crusgalli 0 FACW
Phleum pratense 2 0 | FACU
Pilea pumila 0 3 | FACW
Polygonum persicaria 1 0 | FACW
Populus balsamifera 1 0
Rhamnus cathartica 4 0 [ FACU
Ribes cynosbati 1 3
Ribes missouriensis 1 4
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Table 18 (continued)

CH

CS-
pasture

Cs-
woods

BW

Coefficient of
Conservatism

Wetland
Indicator

Rosa multiflora

0

FACU

Rosa rugosa

FACU*

Rubus occidentalis

Rumex crispus

FAC+

Scirpus atrovirens

w|Oo N[O

OBL

sedge

Solanum dulcamara

FAC

Solidago sp

Taraxacum officinale

O=|=INININ|—

FACU

Toxicodendron rydbergii

FAC

Tragopogon pratensis

Trifolium sp

Ulmus pumila

Verbascum thapsus

N[O|=|—

o|o|Oo|O|N|(O|O|O

Veronica anagallis-
aquatica

1

OBL

Zanthoxylem americanum

w

Species richness

48

mean C

0.854167

FQl

5.91784

Table 19. SC013 Strata percentage.

Geomorphic

Veg Strata cover

Surface
Type T|C|S|H

M

A

Substrate Cover

Saoil
Moisture

7/8

WD | LI

SL | OT

Describe

CH

1

4

6

(4]

CS-pasture 1

w
w

CS-woods 0

NN W

BW 411] 4

1
1
1

NININ[W (=

NININ|WIN

NININ|W (W

NININ[WD

NININ[W ([,

NINDIN|WIO

74




Table 20. SC018 Vegetation survey.

Coefficient of | Wetland
Species PL CH CS Conservatism | Indicator
Abutilon theophrasti 1 0 { FACU-
Amaranthus retroflexus 1 0 | FACU+
Ambrosia artemisiifolia 1 0 | FACU
Arctium minus 1 0
Capsella bursa-pastoris 1 0 | FAC-
Chenopodium album 1 0 | FAC-
Cirsium arvense 1 0 | FACU
Cirsium vulgare 0 0 | FACU-
Fragaria virginiana 0 1| FAC-
Geum canadense 0 2 | FAC
| grasses 5
Hordeum jubatum 1 0 | FAC+
Leonurus cardiaca 1 0
Lychnis vulgare 1 0
Medicago lupulina 1 0 [ FAC-
moss 5
Nasturtium officinale 6 0 | OBL
Oxalis stricta 0 0 | FACU
Echinochloa crusgalli 1 3 FACW
Phleum pratense 2 0 | FACU
Ribes missouriensis 1 4
Rosa blanda 1 4 | FACU
Solidago sp 1 0
Sonchus oleraceus 0 0 [ FACU
Sonchus asper 0 0 | FAC
Taraxacum officinale 1 0 { FACU
Thlaspi arvense 0 0| NI
Verbascum thapsus 1 0
Zea mays 4 0
Species richness 29
mean C | 0.37931
FQI | 2.042649
Table 21. SCO018 Strata percentage.
Geomorphic |  Veg Strata cover Substrate Cover
Surface Soil
Type T|C|{S|H[M]|A|Moisture [1[2|3]|4|[5|6]|7|8|WD|LI|SL|OT| Describe
PL 0] 5 613]3[3[3]3
CH 6 5-6 3[3]3(3(3]3
CS 215 113|565

75




APPENDIX C - FIELD SHEETS

(not in electronic versions of this report)
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GPS AND GEOMORPHOLOGY DATASHEET

SITE CODE: ' -S SITE NAME: -g EC) ' } pate: S~/ [ff"f} f-}«’

LOCATION - GPS  (Take one reading at centroid of site) ! START TIME END TIME

UTM’s from (check one) : [1 Map [] GPS Datum NAD 83 Zone: GPS Name and Model:

GPS File Name Field UTM X Field UTM Y PDOP Emor +- (m) 3D Differential
YorN

——— — ——— — — e e e —

GPS comments:

S
GEOLOGIC UNIT DESCRIPTION
Geologic Unit Name Source Geologic Unit Site Geologic Unit Geologic Unit Comments;
Code Code

Rock Sample Taken: L Maeyille 1

[J yes P\no 2 - 2

3 3

ock Type and Rock Sub: for Prim eologic Unit Rock T aracterization for Primary Geologic Unit
(check one box for primary type and one box for primary subtype)
N Sedimentary (] 1gneous (] Metamorphic Percent Grain Size (fotal~100% Grain Shape
(] shale [] granite [  marble Clay (not visible, smooth) O spherical
(] mudstone [] granodiorite O quarizite o Silt (not visible to eye, but gritty) [ oblong
] sitstone ] diorite 0 slate T Sand (0.06-2mm, visible to eye) 0 other:
[0 sandstone 0 gabbro O schist - Fine Gravel (2-15mm, lady bug to marble)
[] conglomerate [J peridotite 0 gneiss " Coarse Gravel (15-65mm, marble to tennis ball) Grain Orientation
] limestone [ rhyolite Carbonate o Cobble (65-250mm, tennis ball to basketball) 0 imbrication

_& dolomite [] dacite Ovyes [no "~ Boulder (>250mm, basketball to car) 0 random

[] evaporites [] andesite Stike ______° Rock Color 0 other
(] coal [] basa op _° r _ [
Rock type comments:

o . chrr S i
wah‘} Lng ~ (0Ft sol | QMJNF_’I:'{ {e Cpes - Jﬁf 055 G

EMERGENCE ENVIRONMENT DESCRIPTION

Emergence Environment (check one): [] cave [J sub-aerial [] subaqueous-lentic [ subaqueous-lotic N other (descnbe in oommem.s)

U S +

Emergence enviro ent comments: ¢ f S E st
o f
L e

e :
oNEL S pn Wy b e} i g P

Subaerial Emergence Setting (ck one): [] channel tﬂ floodplain [ terrace [] canyon wall [] prairie [] mountain side other (please descnbe)
Emergence Substrate Character (check one): [ organic ooze [ silt [sand [ rock m other (describe): ﬂ del 4 1{ { }

FLOW FORCING MECHANISMS

Flow Forcing Type (check one): ﬁ gravity [J artesian [ geothermal [J natural pressure  [] anthropogenic pressure [J undetermined

Flow forcing mechanism comments:
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‘ S ( GPS AND GEOMORPHOLOGY DATASHEET
SITE CODE: 69 l— S SITE NAME: DATE:

SPRING TYPE AND ORIFICE CHARACTERIZATION

rifice Number (check one): [ single ﬂ multiple

Orifice Geomorphic Type (check one): [ seepage/filtration spring [ fracture spring [ tubular spring [] contact spring

Spring Type (check one): [ cave [J limnocrene [l rheochrene [J mound-form [ heleocrene
.@'hillslope [ gushette [] hanging garden [ exposure [] hypocrene
Spring type and orifice comments: ) ‘ ) L o
\ o ren gentbeite 1oX0 gl vedT (< g0 4 ypaiiea )
O Wi f’ YN

SPRING CHANNEL CHARACTERIZATION

Channel Present (check one) : %yes O no Number of Channels: 2 ( j‘:hj Meander Distance: (m)
Flow Type (check one): [J perennial [J intermittent hﬁephemeral Channel Length: (m) Channel Slope: deg.
Channel Width (m) Channel Depth (m)
’\ . A\ ! é:" /e
Channel profile comments: . . p ¥ { s .
’ = ) s i), ppiestly o o L e f
Mtanen Tun ;5 A s V;' ¥ /£ :
i

Channel substrate comments: e o, " AN TS W o g p i
Srond A ?ﬂ«fgq - gf‘p‘t?g,‘ J,g« i.;f:-',:— .5{ TH Al (";’{" et e Lill
¢ ,

Channel Type: [ spring discharge dominated | run-off dominated [] mixed

:

Channel Type Comments:
. ) v N A ‘u!\
= W;%Q, <z .«{i‘j';:w-{_,.t..etﬂ.f S\j
P ¢ E
¢ ¥
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SITE DESCRIPTION FORM

SITE INFORMATION /PHOTOS

SiteCode: _ --S_ Site Name: SBO ] /] Date: - ]L é,“ Ol

Surveyors SITEDES: GEO/HdeCLlM-. VEG:\B . 2; Uy E o e ... INVERTS:

Start time: EndTime: ____ USGS quad map: State: __ Ownership: NPS BLM USF@

Access Description:

Photos Taken: [ yes [J no Camera Name and Model:

Photo Kind (circle one): film (NCPN) digital(SCPN)

Extra Photo Log Sheet Used: [J yes [J no

Photo Pt# Photo Type* Roll# Frame# Time Hgt (cm)

Photographer

Caption

Photo Relocation Comments:

N N I B

Photo Relocation Comments:

| | [ l

Photo Relocation Comments:

Photo Relocation Comments:

[ [ T [ T |

Photo Relocation Comments:

I I R I

Photo Relocation Comments:

“Note: Photo Type Choices: Site; Landscape, Feature, Fieldwork, Fauna, Vegetation, Disturbance, Other

CLIMATE

Wind Code (enter number):

[0 = calm; 1= smoke drifts; 2 = light breeze; 3 = breeze with constant motion; 4 = sm branches move, dust rises; 5§ = small rees sway; 6 = Ig branches maving, wind whistling]

Rain Code (enter number):

[ 0= norain; 1 = mist or fog; 2= light drizzle; 3 = light rain; 4 = heavy rain; 5 = snow|

Cloud Cover (enter number):

Air Temperature:

%

SITE ENVIRONMENTAL DESCRIPTION

Aspect: deg. Slope: : deg.

Slope variability (check one): & high 0 medium [ low [ none

Site Area (checkone) 0 <2m? ([ 2-10m? £ 10-100 m* [0100-1,000m? [ 0.1-1ha O 1-10 ha 10-100 ha [J >100 ha
Sitc Arca ) M

Landscape context

Other riparian vegetation within 500m: [J yes B no

Another spring within 500 m: yes [J no

Landscape context comments:

‘5\_‘-.,-{‘.'_;. Ko S R sb & 5 -_"_ : Y chetmh ; g g PR ) T i L, g & L t
{1k o A & gt My W
=,
T A g roow : .,
g S R <7 o) o s
TRy, Souatyd Ay vy SHSCAU g e Sl / |t
F " A7

1

=
-
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SITE CODE:

-

VEGETATION SURVEY FORM

SITE NAME:

DATE:?

Veg Strata Classes

Soil Moisture Classes (top 10 cm)

Substrate Classes

Class
Code | Class Name Code | Name Definition Code | Class Name Definition
T tall canopy (>10 m) 6 inundated standing water in soil 1 Clay Not visible, smooth
mid-canopy (4-10
C m) 5 saturated completely wet, no standing water 2 Silt Not visible, gritty
Visible, gritty, up to
S shrub (0-4 m) 4 wet soil easily sticks together 3 Sand (0.06-2 mm) ladybug size
H herbaceous 3 damp moderate moisture 4 Fine gravel (2-15 mm) Ladybug to marble
Coarse gravel (15-65
M moss/surface cover 2 moist like after a light rain 5 mm) Marble to tennis ball
A Aquatic dry no moisture, soil easily separates 6 Cobble (65-250 mm) Tennis ball to basketball
Prominence Scale 7 Boulder (>250 mm) Basketball to car
Code | Class Name Code | Class Name 8 Bedrock Larger than a car
6 Dominant (>95%) 2 Uncommon (1-10%) WD Wood Any size
5 Abundant (50-95%) 1 Occasional (<1%) LI Litter Dead organic matter
4 Common (25-50%) 0 Rare (<<1%, few individuals SL Soil Mineral soil
3 < common (10-25%) oT Other Use comments field
Veg Strata Cover Soil Substrate Cover
Geomorphic Surface Type T C S H M A Moisture 1 2 3 4 6 7 8 WD LI SL | Describe




SITE DESCRIPTION FORM

SITE CODE: \ --5 SITENAME, h£70f o< DATE: -\ f / G P e

S M Tl

Landform/Geomorphic Surface Characterization

Surface Subtype Proportion Slope Slope Variability Surface Subtype Proportion Slope Slope Variability
Type Code # (total=100%) (deg) (high, med, low) Type Code # (total=100%) (deg.) (high, med, low)

i fhardi T : e i i : ;
....... P ok 17 SR B ) G L L | oo VRN [ (IO O IS

Codes: BW= backwall SB= 5|Dp|ng bedrock CS= colluwal slope; C cave; CH=channel, HGC=hi gradient Clenega LGC= Ingrad|enl cienega; SM=spring mound; PL-pooI TE=Terrace,
TU=tunnel, MAD=madicolous flow; OTH=other

Habitats (check all that apply): [ cave Uorifice [ hyporheic  [J wet wall [J madicolous [J spray zone [ pool [ stream
O cienega [ hillslope [] meadow [Oriparian [ barrenrock PFhupland [ other (describe):

Site Envnronmcma! Comments: ,
Cl\jxg ol L,_‘, L atd , B
Yeliside has Ve H’.»ﬁ i Al as o

v l)f*.iifi e CEAMNNE o "ﬁ

Solar Radiation:
Sunrise: J F M A M J J A S (0] N D
Sunset: ] E M A M J J A S (o) N D

SITE CONDITION AND LAND USE

Overall site condition and disturbance (check appropriate boxes): [ pristine  [J natural disturbance [ anthropogenic disturbance

Natural Disturbance (if box is checked above, then indicate the types of natural disturbance present on the site):
O recent flooding [ windthrow [ native ungulate grazing [J insect disturbance [ other (describe):

Anthropogenic Disturbance (if box is checked above, then indicate the type} of anthropogenic disturbance present on the site):
0 roads/OHV trails [J hiking trails [ recreation use N flow modification [ livestock grazing ;@m human occupation/use
O prehistoric human occupation/use [ other (describe):

Site disturbance comments (use to describe all disturbance other than flow mcdlﬁcanon) )

f\.-t‘\> ) \: -““‘i.-: Livry AR o S e ) E‘, 1 E ,‘:
Flow Modification (if box checked above, enter ‘PRE’ or ‘POST’ in applicable fields): O none &ﬂ" pipe diversion dam diversion
open trough/tank pumping encasement excavation sealed cracks other (describe in comments)

Impact on flow (check appropriate box): [J none [J slowed [ stopped @rerouted [ increased

e % PO ) . i e
Flow modification comments: ‘_‘ AT T £ ?.‘4{" TRl i s l’)fnt; 3 b2 EAU T CPARNPE P G &L
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SITE DESCRIPTION FORM

i LS ¥ Lo
SITE CODE: SBOI\-- S SITE NAME: ;‘Lg-;! GP o6 A DATE; &J ! (2,

AMPHIBIAN AND OTHER WILDLIFE OBSERVATION

Amphibians Survey Conducted: [J yes Tfkno
| ScientificNames: .

Amphibian Comments:
o

3 c I 5 . fe - i = T A
Wopep ofgeeg s SO0y In 1A A _-f‘u?o{.'_“-zf [ "u_f}ﬁ g’;f Ol LA Ve X

Wildlife Observations - (check which groups were directly observed on the site):
XBird 0 Mammal O Reptile

Wildlife Comments (use this field to document species observed and indirect evidence of bird, mammal and reptile presence/use):
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channel
SR = solar radiation reading site
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paleo-orifice
flow modification

PO
FMm

spring orifice
pool location

OR
PL

photopoint (wi#)

BP
GPS = GPS reading site

water quality measurement site

DI = discharge measurement site
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VEGETATION SURVEY FORM

SITE CODE: QEO” -5 SITE NAME: L Lho ey oK

DATE: . o K&

Veg Strata Classes Soil Moisture Classes (top 10 cm) Substrate Classes
Class
Code | Class Name Code | Name Definition Code | Class Name Definition
T tall canopy (>10 m) 6 inundated standing water in soil 1 Clay Not visible, smooth
mid-canopy (4-10
c m) 5 saturated completely wet, no standing water 2 Silt Not visible, gritty
Visible, gritty, up to
S shrub (0-4 m) 4 wet soil easily sticks together 3 Sand (0.06-2 mm) ladybug size
H herbaceous 3 damp moderate moisture 4 Fine gravel (2-15 mm) Ladybug to marble
Coarse gravel (15-65
M moss/surface cover 2 moist like after a light rain 5 mm) Marble to tennis ball
A Aquatic 1 dry no moisture, soil easily separates 6 Cobble (65-250 mm) Tennis ball to basketball
Prominence Scale 7 Boulder (>250 mm) Basketball to car
Code | Class Name Code | Class Name 8 Bedrock Larger than a car
6 Dominant (>95%) 2 Uncommon (1-10%) WD Wood Any size
S Abundant (50-95%) 1 Occasional (<1%) LI Litter Dead organic matter
4 Common (25-50%) 0 Rare (<<1%, few individuals SL Soil Mineral soil
3 < common (10-25%) oT Other Use comments field
Veg Strata Cover Soil Substrate Cover
Geomorphic Surface Type T C s H M A Moisture 1 2 3 4 5 6 7 8 WD LI SL | Describe
» = T
Ch -G 2 (A [F T
Cs-H blar [2 |3 L Uy Ll % Sh= 2 | Z
S -7 AlA 1515 2 V7l 1,17 [F [ = /




Pz

TRy
Bl L ]
SITE CODE? .,—-af"")d Ji==8

SITE NAME:

VEGETATION SPECIES FORM s

OF o

VEGETATION SURVEY FORM

DATE?

START TIME

END TIME

Species Cover Class: Starting with the uppermost stratum list all species with full scientific names, cover class for each species by geomorphic type. It may be helpful to group by lifeform. e.g. tree, shrub, graminoid. forbs,
nonvascular. If the identification of a plant species is unknown please collect an ID sample and assign a unique unknown species code as described in the protocol. Use a check mark to indicate if ID collections or voucher

collections were made.

Cover Class by geomorphic surface type (enter one value for each surface code) Was Collection Made ?
Full Scientific Name Unknown Species Code 14 Voucher ?  ID Coll?
v v
I\ % ) &
Adcs r G-ty > P
N 77 r
1 4 i :
o
L)‘ ’5 ¢ w 1 i
2
15¢
1
Ma
\ \
!
1 | 3
A T ¥ 1
Prominence scale for estimating vegetation and substrate cover Geomorphic Surface Type Code
Number | Class Name Definition Number | Class Name Definition Code Name Code Name
6 Dominant >95% cover 2 Uncommon 1-10% cover BW Backwall SM Spring Mound
5 Abundant 50-85% cover 1 Occasional <1% cover SB Sloping Bedrock PL Pool
4 Common 25-50% cover 0 Rare few individuals €S Colluvial Slope TE Terrace
3 Somewhat common 10-25% cover C Cave TU Tunnel
CH Channel MAD Unfocused Madicolous Flow
High Gradient OTH Other
HGC Cienega
Low Gradient
LGC Cienega
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4" VEGETATION SURVEY FORM

| ok 2N ' vy -

SITE CODE} Sgou -s SITE NAME: é---("“b‘d' L6 CA DATE: - <3| @ X0
T

VEGETATION SPECIES FORM | _oF &L STARTTIME | = | ENDTIME | 7 . ya 2

Species Cover Class: Starting with the uppermost stratum list all species with full scientific names, cover class for each specnes by geomorph:c type. It may be helpful to group by lifeform, e.g. tree, shrub, graminoid, forbs,

nonvascular. If the identification of a plant species is unknown please collect an ID sample and assign a unique unknown species code as described in the protocol. Use a check mark to indicate if ID collections or voucher
collections were made.

; i Cover Class by geomorphic surface type (enter one value for each surface code) Was Collection Made ?
Full Scientific Name (w‘é{-;‘ - Unknown Species Code Level | Wl T Voucher ? 1D Coll?
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Prominence scale for estimating vegetation and substrate cover Geomorphic Surface Type Code
Number | Class Name Definition Number | Class Name Definition Code Name Code Name
6 Dominant >95% cover 2 Uncommon 1-10% cover BW Backwall SM Spring Mound
5 Abundant 50-95% cover 1 Occasional <1% cover SB Sloping Bedrock PL Pool
4 Common 25-50% cover 0 Rare few individuals CS Colluvial Slope TE Terrace
3 Somewhat common 10-25% cover C Cave TU Tunnel
CH Channel MAD Unfocused Madicolous Flow
High Gradient OTH Other
HGC Cienega
Low Gradient
LGC Cienega
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SITE CODE?

SITE NAME:

VEGETATION SPECIES FORM

OF

VEGETATION SURVEY FORM

DATE:

START TIME

END TIME

Species Cover Class: Starting with the uppermost stratum list all species with full scientific names, cover class for each species by geomorphic type. It may be helpful to group by lifeform, e.g. tree, shrub, graminoid, forbs,
nonvascular. If the identification of a plant species is unknown please collect an ID sample and assign a unique unknown species code as described in the protocol. Use a check mark to indicate if ID collections or voucher

collections were made.

Briippbisesrpaias |
i &

Cover Class by geomorphic surface type (enter one value for each surface code) Was Collection Made ?
Full Scientific Name Unknown Species Code Voucher?  ID Coll?
v v
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Prominence scale for estimating vegetation and substrate cover Geomorphic Surface Type Code
Number | Class Name Definition Number | Class Name Definition Code Name Code Name
6 Dominant >95% cover 2 Uncommon 1-10% cover BW Backwall SM Spring Mound
S Abundant 50-95% cover 1 Occasional <1% cover SB Sloping Bedrock PL Pool
4 Common 25-50% cover 0 Rare few individuals cs Colluvial Slope TE Terrace
3 Somewhat common 10-25% cover Cc Cave TU Tunnel
NS ~D n CH Channel MAD Unfocused Madicolous Flow
! Gaeyridoprtile & High Gradient OTH Other
) . : HGC Cienega
W | f0. LRecO ) l = Low Gradient
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SITE CODE: (' ;! ;Glz == 15

VEGETATION SPECIES FORM

VEGETATION SURVEY FORM

SITE NAME?

OF START TIME

END TIME

DATE:

Species Cover Class: Starting with the uppermost stratum list all species with full scientific names, cover class for each species by geomorphic type. It may be helpful to group by lifeform, e.g. tree, shrub, graminoid, forbs,
nonvascular. If the identification of a plant species is unknown please collect an ID sample and assign a unique unknown species code as described in the protocol. Use a check mark to indicate if ID collections or voucher

collections were made.

Cover Class by geomorphic surface type (enter one value for each surface code) Was Collection Made ?
Full Scientific Name Unknown Species Code ‘ Voucher ?  |D Coll?
;o v v
X | €l il CAALLY & Aiets |
o b L : S
\}:f C ] Tdaan, qﬂ' iﬁ"?{% A i i{::i' l
: ‘! 3 ? W LuAlie ":E"-i.,,-f-.‘ e W }
Nd RN o 2
: hifrleB s {
&"9 . M{,Lmrio&f&r-!ﬁa? {
"\%k Cipfoetes igacu o
N ¢ |
| SV |
- Lu L MJ : 69
N _%TE,WW’J 3
4 (B f
T
DV' iﬁ’fﬂflﬁhﬁ&h ( AV As At A .
Corgivand P '
=~ wied =
;) Jio- — N\ & Sz =] g:gf,za’iv'.g,.:[
PhOv ma ! _ ¢ _ 3
! %‘31&@ 10 aldcnests ~ bl a?radg&&z_, = aMoltqdi g I gt =
‘a A epa Soc b 2
oeaptorlegn o
Tteeploneg bager/sfe o
Prominence scale for estimating vegetation and substrate cover Geomorphic Surface Type Code
Number | Class Name Definition Number | Class Name Definition Code Name Code Name
6 Dominant >85% cover 2 Uncommeon 1-10% cover BW Backwall SM Spring Mound
5 Abundant 50-95% cover 1 | Occasional <1% cover SB Sloping Bedrock PL Pool
4 Common 25-50% cover 0 Rare few individuals CS Colluvial Slope TE Terrace
3 Somewhat common 10-25% cover C Cave TU Tunnel
CH Channel MAD Unfocused Madicolous Flow
High Gradient OTH Other
HGC Cienega
Low Gradient
LGC Cienega
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SITE CODE:

wgo 66 5@0//

SITE NAME?

VEGETATION SPECIES FORM

OF

RAS A (A el

VEGETATION SURVEY FORM

Lpgﬁﬂ{;xc TR

DATE:

START TIME 2

Species Cover Class: Starting with the uppermost stratum list all species with full scientific names,

END TIME

-
" RAAAD

/(c f\ﬂ

s

cover class for each species by geomorphic type. It may be helpful to group by lifeform, e.g. tree, shrub, graminoid, forbs,

Y 2870

Ww 8% ¢ &0 =

b)) nonvascular. If the identification of a plant species is unknown please collect an ID sample and assign a unique unknown species code as described in the protocol. Use a check mark to indicate if ID collections or voucher
} collections were made.
5& Cover Class by geomorphic surface type (enter one value for each surface code) Was Collection Made ?
)i\ Ftlll Scientific Name Unknown Species Code Q_\»\,:'- ; ; Voucher?  ID Coll?
S Q| Qw[C4 ) cH] oL % v
* W ) g en o1
F 3 i é ‘éﬁ“l\ L '-E. fr A bt H q
)
/
=
!
7
2x
l
<&
i
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/
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Prominence scale for estimating vegetation and substrate cover Geomorphic Surface Type Code
Number | Class Name Definition Number | Class Name Definition Code Name Code Name
6 Dominant >95% cover 2 Uncommon 1-10% cover BW Backwall SM Spring Mound
5 Abundant 50-95% cover 1 Occasional <1% cover SB Sloping Bedrock PL Pool
4 Common 25-50% cover 0 Rare few individuals cs Colluvial Slope TE Terrace
3 Somewhat common 10-25% cover Cc Cave TU Tunnel
CH Channel MAD Unfocused Madicolous Flow
High Gradient OTH Other
HGC Cienega = i,
' Low Gradient
LGC Cienega
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GPS AND GEOMORPHOLOGY DATASHEET

SITE CODE: 5130’ i-s SITE NAME: . DATE: __ © L LS

: e {' (a.r
LOCATION - GPS  (Take one reading at centroid of site) STARTTIME _ \_ Lﬁ !

END TIME

UTM'’s from (check one) : [J Map [J GPS Datum NAD 83 Zone: GPS Name and Model:

GPS File Name Field UTM X Field UTM Y PDOP Emor +/- (m) 3D Differential
YorN

GPS comments:

GEOLOGIC UNIT DESCRIPTION ¢

Geologic Unit Name Saurce Geologic Unit Site Geologic Unit Geologic Unit Comments:
O /mA Y Codriiey] oo (=
Rock Sample Taken: 1
Oyes [fno 2
3
Rock Type and Rock Sub for Primary Geologic Unit Rock Type Characterization for Primary Geologic Unit
(check one box for primary type and one box for primary subtype)
H‘ Sedimentary [J I1gneous [0 Metamorphic Percent Grain Size (total=100% ain Sh
Iy shale [] granite 0  marble Clay (not visible, smooth) O spherical
;j mudstone [] @ranodiorite 0 quartzite - Silt (not visible to eye, but gritty) 0 oblong
[] siltstone (] diorite ] slate ~ Sand(0.06-2mm, visible to eye) 3 other:
[J sandstone [] gabbro [ schist o Fine Gravel (2-15mm, lady bug to marble) ‘
[] conglomerate [] peridotite O gneiss o Coarse Gravel (15-65mm, marble to tennis ball) Grain Orientation
] limestone ] rhyolite Carbonate ~ Cobble (65-250mm, tennis ball to basketball) 0 imbrication
gf dolomite [] dacite (yes [no - Boulder (>250mm, basketball to car) E}, random
]  evaporites [] andesite Strike o Rogk Color - P N other
] coal [] basalt Dip ____° _E"' 1 ; il ikl I 71
Rock type comments:

EMERGENCE ENVIRONMENT DESCRIPTION =

Emergence Environment (check one): [ cave E(sub—acnal O subaqueous-lenuc O subaqucous—lotlc [J other (describe in comments)

‘»‘

En;érgence envxronment mmeats oy o AL { It _)/v'!

§pr’2 ‘_f LN{L Z(“?« g} LTO (AL

Subaerial Emergence Setting (ck one): [] channel U floodplain [J terrace [] canyon wall [J prairie [] mountain side other (please describe)

Emergence Substrate Character (check one): [J organic ooze [ silt [l sand Wrock [J other (describe):
FLOW FORCING MECHANISMS %

Flow Forcing Type (check one): ngaviry O artesian (] geothermal [ natural pressure [ anthropogenic pressure [ undetermined

Flow forcing mechanism comments:

2005: APR 14
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i

g BOI 3 GPS AND GEOMORPHOLOGY DATASHEET
SITE CODE SITE NAME: DATE:

SPRING TYPE AND ORIFICE CHARACTERIZATION

Orifice Number (check one): ﬁsingle [J multiple

Orifice Geomorphic Type (check one): [ seepage/filtration spring Mracmre spring [J tubular spring /@/contact spring

Spring Type (check one): [] cave O limnocrene [l rheochrene [J mound-form [ heleocrene
ilislope  [J gushette [] hanging garden 0 exposure (] hypocrcne

(\.

, L»J Flow, Ar TTRoROGRL [ icT OpArE

SPRING CHANNEL CHARACTERIZATION

Channel Present (check one) : %es [ no Number of Channels: ﬁf: Meander Distance: ig_/f?_" % (m)
Flow Type (check one): [J perennial [J intermittent [Mephemeral | Channel Length: S (m) Channel Slope: (0> ! _dums

Channel Width (m) Chagnel Depth (m)
(. ! Q.5 - i

Channel proﬁle commem.s e s d m i MprE i wr ETEC AT PRt
o G SB ey, SHORT (AL (T2 AATES vl WELTRA]
.,,_.,,;'— : i P a‘.:_ 3 4 . - ¥ o : e = 1, g :
Foy A m X 7"'J1'J 3 {OFE 0-3M WI0E C ?"'iffﬁ-""‘f‘ﬁ’{.‘:i{._ LMY

i J 3
S

e i g X 4 o - ' o 3
2, = & 3 he i v 3 T K0 £o0 ) 4 - ‘:'4 i §.- ¥
§x oy, (REC PA1¥) & 1§ IMPLUERCEY 5T UsHICLE kL

Channel substrate comments: (S] Q A Y gz‘ C.a':") S /u Ve b { wh el £ 47] }
“ - L L L 7o 7 iy a2 =

Bl i - ; sy g . i

£ k,g ; ‘2,‘2 ‘«( / wms i o DR /

i e e er v % - N s S

(JCA Qv 3 jHVEL 316 CLOvE T e

e B 1 s “O

T 8 b N

i

Channel Type Msprmg dlscha.rge dominated D run-off dominated [] mixed

Channel Type Comments

2005: APR 14 : 2
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channei
SR = solar radiation reading site

CH

palec-crifice

FM = flow medification

PO

spring orifice
pool location

OR
PL

photopaoint (w/#)
GPS reading site

PP
GPS =

water quality measurement site
discharge measurement site

DI
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SITE DESCRIPTION FORM
SITE INFORMATION /PHOTOS

site CodeS B71 45 Site Name: Date: .Y\ b a0l

. i 3 & \ - o
VEG:\\\,\A\\\;(A .E}u (M RVERTS: \qu pe s At g, #
1

Surveyors SITEDES: GEO/H20/CLIM:
Start time: End Time: USGS quad map: State: Ownership: NPS BLM USFS Private
Access Description:

Photos Taken: [ yes [J no Camera Name and Model: Photo Kind (circle one): film (NCPN) digital(SCPN)

Extra Photo Log Sheet Used: O yes O no

Photo Pt# Photo Type* Roll# Frame# Time Hgt (cm) Photographer Caption

Photo Relocation Comments:

N I I N R

Photo Relocation Comments:

[ [ 1 |

Photo Relocation Comments:

[ |

Photo Relocation Comments:

T [ [ |

Photo Relocation Comments:

I N A N N

Photo Relocation Comments:

*Note: Photo Type Choices: Site; Landscape, Feature, Fieldwork, Fauna, Vegetation, Disturbance, Other

CLIMATE

Wind Code (enter number):

[0 = calm; 1=smokedrifts; 2 = light breeze; 3 = breeze with constant motion; 4 = sm branches move, dust rises; 5 = small trees sway; 6 = Ig branches moving, wind whistling]

Rain Code (enter number): [0=norain; 1 = mist or fog; 2= light drizzle; 3 = light rain; 4 = heavy rain; 5 = snow]

Cloud Cover (enter number): Air Temperature: % G G
SITE ENVIRONMENTAL DESCRIPTION
Aspect; deg. Slope: deg. Slope variability (check one): [] high™§f] medium [J low [J none

Site Area (check one) 0 <2m? (0 2-10m® [0 10-100m? $(00-1,000m* 0 0.-1ha 0 1-10ha

{1 10-100 ha [ >100 ha

Landscape context | Another spring within 500 m: -@ycs O no

| Other riparian vegetation within 500m: 4 yes [ no

Landscape context comments: fr‘y P %"u’: /]

i Vi e oK N i .
SRV Lot TR o LA L5

[ 0vd L e
frafaattins

< | o1 v NwW
A

fop £ an s
S e ' T

<ot vled

Y

(ot
L’

»

1 (]
L
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.5 SITE DESCRIPTION FORM
o I i b
SITE CODE; i85k -- § SITE NAME: DATE! \S \ H Lt

Landform/Geomorphic Surface Characterization
Surface Subtype Proportion Slope Slope Variability Surface Subtype Proportion Slope Slope Variability

Type Code # (total=100%) (deg.) (high, med, low) Type Code # (total=100%) (deg.) (high, med, low)

Codes. BW-= backwall; SB=sloping bedrock CS= colluvial slope; C=cave; CH=channel; HGC=hi gradient cienega; LGC= lo grladiant cienega; SM=spring mound; PL=pool, TE=Terrace,
TU=tunnel; MAD=madicolous flow; OTH=other

Habitats (check all that apply): [J cave orifice [ hyporheic 0 wet wall [J madicolous O spray zone "B pool [ stream
~g«:iem:ga O hillstope [J meadow Oriparian  [J barren rock %upland [ other (describe):

Site Environmental Comments: |
wid i ia b NN S okl O e
Qutd - T\ i«il"vg‘ 3 "‘i‘-‘u‘;_tﬁﬁ W

WA I 1"‘54 ey LJ_: o oA oL stavee

Solar-Radiaticm:

Sunrise: J F M A M J J A S (6] N D
Sunset; J F M A M ] J A S (0] N D

SITE CONDITION AND LAND USE

Overall site condition and disturbance (check appropriate boxes): [ pristine [ natural disturbance ﬁanthropogcnic disturbance

Natural Disturbance (if box is checked above, then indicate the types of natural disturbance present on the site):
[ recent flooding [J windthrow [J native ungulate grazing [J insect disturbance [0 other (describe):

Anthropogenic Disturbance (if box is checked above, then indicate the types of anthropogenic disturbance present on the site):
ﬂ roads/OHV trails B hiking trails m recreation use Wow modification [ livestock grazing ﬂ histomie human occupation/use
O prehistoric human occupation/use  [J other (describe):

Site disturbance comments (use to describe all disturbance other than flow r_podiﬂcatioq):

& i
ot e L e S e s e R } VRS &S el T } P
Tiad (yeeiui g Chitddo fo8 Ticw levee 0 | | -
L . i
Thdn Hie: - ! w
:‘S.,»!:\_J‘.\_g{ Ll.."fl-{-t-‘-.‘ s Lo bt 4 § L Akt 4

[ 4 L L i And
Cutieat ; 0w g0 ( Gidar o 4 bk
pa Tohed  CARRAENNVGS 1AL VLA L A B 0 s
Flow Modification (if box checked above, enter ‘PRE’ or ‘POST” in applicable fields): [] none pipe diversion dam diversion
open trough/tank pumping encasement Y excavation sealed cracks X other (describe in comments)

Impact on flow (check appropriate box): [ none (] slowed [ stopped R rerouted [ increased

3

Flow modification comments: _{, v (i u% Cad et 0 9 3 - £ 51
\ : L} i H - o e -
U LS O S al-es Ticelt: L
LA SRR R v L, - 3
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SITE CODE: U_U\; QB -5

VEGETATION SURVEY FORM

SITE NAME:

DATE:

\\ \ o P

;
b SO TR SRPLY]

Strata Classes

V Soil Moisture Classes (top 10 cm) Substrate Classes
Class
Code | Class Name Code | Name Definition Code | Class Name Definition
T tall canopy (>10 m) 6 inundated standing water in soil 1 Clay Not visible, smooth
mid-canopy (4-10
m) 5 saturated completely wet, no standing water 2 Silt Not visible, gritty
Visible, gritty, up to
S shrub (0-4 m) 4 wet soil easily sticks together 3 Sand (0.06-2 mm) ladybug size
H herbaceous 3 damp moderate moisture 4 Fine gravel (2-15 mm) Ladybug to marble
Coarse gravel (15-65
M moss/surface cover 2 moist like after a light rain 5 mm) Marble to tennis ball
A Aquatic 1 dry no moisture, soil easily separates 6 Cobble (65-250 mm) Tennis ball to basketball
Prominence Scale 7 Boulder (>250 mm) Basketball to car
Code | Class Name Code | Class Name 8 Bedrock Larger than a car
6 Dominant (>95%) 2 Uncommon (1-10%) WD Wood Any size
5 Abundant (50-95%) 1 Occasional (<1%) LI Litter 'nuu.d;}" it Dead organic matter .
4 Commen (25-50%) 0 Rare (<<1%, few individuals SL Soil 1y 3® *)‘5/‘-&,14 ‘) Mineral soil
3 < common (10-25%) oT Other Use comments field
Veg Strata Cover Soil Substrate Cover
Geomorphic Surface Type T C S H M A Moisture 1 2 3 4 5 6 7 8 WD LI SL | Describe
Cs- wnw\ .| o f 2-| 2| = 3 1.z 4| 2
[ —
Lo-¢ Ll 1|51 E 2] 2| 2 o ) 2| 2
Lot 4.1, 4y 1q




S RO/ SITE DESCRIPTION FORM
SITE CODE: ;'5‘2?;21- S SITE NAME! DATE .

AMPHIBIAN AND OTHER WILDLIFE OBSERVATION

Ampbhibians Survey Conducted: [ yes hno

Tt

et v alt (et = f{m“m_ .\\’ Ol R obsea ue.c}\ cT R e s

o Sef?am.lm umCU),,

Wildlife Observations - (check which groups were directly observed on the site):
0 Bird [0 Mammal [J Reptile

Wildlife Comments (use this field to document species observed and indirect evidence of bird, mammal and reptile presence/use):

2005: APR 14
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VEGETATION SURVEY FORM

SLoR

0 A 204

SITECODE: [ ! L5 g SITE NAME: DATE: . g Al lk
) = b e 172
VEGETATION SPECIES FORM __~__ OF _ . STARTTIME ' 5 . gD ENDTIME /' =5

Species Cover Class: Starting with the uppermost stratum list all species with full scientific names, cover class for each species by geomorphic type. It may be helpful to group by lifeform, e.g. tree, shrub, graminoid, forbs,
nonvascular. If the identification of a plant species is unknown please collect an ID sample and assign a unique unknown species code as described in the protocol. Use a check mark to indicate if ID collections or voucher

collections were made.

Cover Class by geomorphic surface type (enter one value for each surface code) Was Collection Made ?
Full Scientific Name Unknown Species Code (3-” Q } W Voucher? 1D Coll?
| LR Jor JColte z Y
1] 1 5
150 puewnn 0 D A
= i 1
P‘f O e R (O A P i
A o} . . i) ¢
/L'{.,{.,i_ 1254 B an f AL AAS 1
Qlonelin wnbonelar Temas (]
Oy ooty
Tncpbes ity 066 nal g [
lenicero ~bella ! v
Tl fiain e e dna an
f*: A LN Llng (AL ve )
f’ﬁ"\' B : SaE pag e =‘ ('2_';'\_&4 R, i "{‘\
Ceatrecpps =5 AR
Kbsa blasdta 5
Do bl pal £ Ehn L PASEa ']
Bl v g : i
O
" ‘_, 3—‘
";_-'\ A !
— E—— Eym—— . _ Fe——
Prominence scale for estimating vegetation and substrate cover Geomorphic Surface Type Code
Number | Class Name Definition Number | Class Name Definition Code Name Code Name
6 Dominant >95% cover 2 Uncommon 1-10% cover BW Backwall SM Spring Mound
5 Abundant 50-95% cover 1 Occasional <1% cover SB ~ Sloping Bedrock PL Pool
4 Common 25-50% cover 0 Rare few individuals CS Colluvial Slope, TE Terrace
3 Somewhat common 10-25% cover C Cave TU Tunnel
CH Channel MAD Unfocused Madicolous Flow
High Gradient OTH Other
HGC Cienega
Low Gradient
LGC Cienega




.?-nrA.

VEGETATION SURVEY FORM

topPioUs
|

£ f
VA O T

T < e 1 Al
SITE CODE: SITE NAME: ) G e 1S Lhesq T -
— = I\ o < ‘ 1 ? £
VEGETATION SPECIES FORM | OF _ o~ START TIME LD END TIME \
Species Cover Class: Starting with the uppermost stratum list all species with full scientific names, cover class for each specics by geomorphic type. It may be helpful to group by lifeform, e.g. tree, shrub, graminoid, forbs,
nonvascular. If the identification of a plant species is unknown please collect an ID sample and assign a unique unknown species code as dcscnbed in the protocol. Use a check mark to indicate if ID collections or voucher
collections were made. La 1 s Jni
,},\ i xj‘/\t\i,g o L4 /’{ ﬁﬁf fj $17 A{ 3«.‘:'» ufxu-“u e
I
Cover Class by geomorphic surface type (enter one value for each surface code) Wa: Collection Made ?
Full Scientific Name Unknown Species Code ) ; f | A Voucher? 1D Coll?
e e s | % v v
L L L5
e G = 2
f("'-'n P 5 ¢ ) "{
Hip ¢ M ! =
Flibae, | ot Lo W 2
=y 1
] y | 2
Prongs o e A
o Pk 8 L5y O = !
/“',“\;( Yy €&ai) B '
= ’ A . ‘ ne i ) f‘_‘
T b )
N Cipoiia ! )
i/ i -
, ot s > |1
a0 B .
0 -;i";_ noLL s 7/ LICS 2!
B “j e o n ) !
e air i e ""1 ',fa,-;». .. !
ST I i v i o S \
Gl e e i (e
T TIiess
w2t o } -
£ [Vall AT u A i 1 ¥ AR ‘
- - ; gy o T \ : - - X
irsdonmdrons o0 Rap g 0]
e e ——————
i
Prominence scale for estimating vegetation and substrate cover Geomorphic Surface Type Code
Number | Class Name Definition Number | Class Name Definition Code Name Code Name
6 Dominant >95% cover 2 Uncommon 1-10% cover BW Backwall SM Spring Mound
5 Abundant 50-95% cover 1 Occasional <1% cover SB Sloping Bedrock PL Pool
4 Commen 25-50% cover 0 Rare few individuals cs Colluvial Slope TE Terrace
3 Somewhat common 10-25% cover C Cave TU Tunnel
CH Channel MAD Unfocused Madicolous Flow
High Gradient OTH Other
N : : e | \ HGC Cienega
e Sl ne I.quvi RO S G Low Gradient
Lt e e S LGC Cienega
g~ Ao & e e ;




GPS AND GEOMORPHOLOGY DATASHEET

{:Cd l ’ DATE: J

SITE CODE: -5 SITE NAME:
LOCATION - GPS  (Take one readinﬁ at centroid of site) START TIME END TIME
UTM'’s from (check one) : (0 Map [ GPS Datum NAD 83 Zone: GPS Name and Model:
GPS File Name Field UTM X Field UTM Y PDOP Emor +/- (m) 3D Differential
YorN
______ mE . __mN
GPS comments:
GEOLOGIC UNIT DESCRIPTION
Geologic Unit Name Source Geologic Unit Site Geologic Unit Geologic Unit Comments; . ) L
Code Code . . 7,-':; '{' r - ¢ i.:"; e i:,:«mﬁ
Rock Sample Taken: AL E
[ yes no
3
Rock Type and Rock Sub: for Primary Geologic Unit Rock T terization for Prim: ologic Unit
(check one box for primary type and one box for primary subtype)
E Sedimentary [J igneous [J Metamorphic Percent Grain Size (total=100% Grain Sh
fg\' shale [] granite O marble Clay (not visible, smooth) O spherical
[ Mmudstone [ granodiorite O quartzite Silt (not visible to eye, but gritty) | oblong
[] sitstone [ diorite []  slate Sand (0.06-2mm, visible to eye) 0 other:
[] sandstone [] gabbro O schist Fine Gravel (2-15mm, lady bug to marble)
[] conglomerate [] peridotite @l gneiss Coarse Gravel (15-65mm, marble to tennisball) | Grain Orientation
] limestone [] rhyolite Carbonate Cobble (65-250mm, tennis ball to basketball) O imbrication
{3~ dolomite [] dacite Clyes [no Boulder (>250mm, basketball to car) o random
[] evaporites [] andesite Strike 0 Rock Col O other
] coal [] basalt Dip
R . NSOk E 05 EYACT 0T 7 P~ AL S
» g,ﬁ 17 T UILLE £ Pei
EMERGENCE ENVIRONMENT DESCRIPTION
Emergence Environment (check one): [J cave ¥ sub-acrial [J subaqueous-lentlc O subaqucous—lot:c [ olher (describe in camments)
TR /M3 ”1“ p x,,t G S I “f'",j‘_‘“w «vr m
2 'fU »?En:ergenfie?\grvnmnem oomments LA,{ L Gﬂ’) (' g() (JF i Ll L O j o
(/ 1 3(‘ i } o Ca i W e"é L o ‘"ﬂ"*‘t« e s A E‘ﬂ- v
: Fo) AS f’ LE A At
s Spas Tlows o ) CH m.wué* 7
Subaerial Emergence Setting (ck one): [] channel O floodplain [ terrace [ canyon vl prairie [] mountain side other (please describe)
Emergence Substrate Character (check one): m organic ooze [ silt ﬁ sand rock [ other (describe):
FLOW FORCING MECHANISMS
Flow Forcing Type (check one): Wgravity O artesian [ geothermal [J natural pressure [ anthropogenic pressure [ undetermined
[ Flow forcing mechanism commems N T oL o AT -‘* 5! ‘. T o T e {/,f‘j‘

2005: APR 14



SITE CODE: -C/Z:d{ !- S

SITE NAME:

GPS AND GEOMORPHOLOGY DATASHEET

DATE:

SPRING TYPE AND ORIFICE CHARACTERIZATION

Orifice Number (check one): [l single [ multiple

Orifice Geomorphic T

(check one): H,;cepagc/ﬁlu'ation spring [ fracture spring (] tubular spring [J contact spring

Pr?

5y "f“" z[LJ{T ,;.A; ¥ .};:f

E 4

Spring Type (check one): [ cave [] limnocrene [ rheochrene [l mound-form [ heleocrene
ilislope [ gushette [] hanging garden [ exposure [] hypocrene
Spring type and orifice comments: . :
R - B vl i, 158 ’;’f; i g £ F
CEL TIREVICUD PhbE
SPRING CHANNEL CHARACTERIZATION
Channel Present (check one) : E-Pfycs O no Number of Channels: 2-_” Meander Distance: (m)
Wi &
Flow Type (check one): chrennial [ intermittent \Képhemeral Channel Length: . 2 ‘#”“(m} C 1 Slo deg.
Channel Width (m) Channel Depth (m)
! il
Channel profile comments: - » o B ; - D S
FrA b L DI MER ‘5’""% . -5 (5 PP E NNLAC
et arT s et AR = -
Channel substrate comments: 2 e -
(S5Ar b btal s alIE L
L0 ¥ tg‘"f A R

Channel Type:

RIPARBA Feax

Che;n;'le'lﬂType Comments: D! j’f ;; f&“i?éf "{ O L (\ A
"p‘ O~ s(}aﬁ!

A\spring dischargc dominated [J run-off dominated [J mixed

IGO0 Tr iU FAN 1
s: f\,j :,-!' o Sl ts- ‘m g‘c ;:, \:’hw t;?‘.r"‘ri“"

2005: APR 14




SITE DESCRIPTION FORM

SITE INFORMATION /PHOTOS

SiteCode: -8 SiteName: & CO! ) Date‘.-.j L 7 L '-,ﬁ
Surveyors SITEDES: GEO/H20/CLIM: VEG: INVERTS: !‘

Starttime: _ EndTime: _ USGS quad map: State: _ Ownership; NPS BLM USFS Private
Access Description: 7

Photos Taken: [Jyes [J no Camera Name and Model: Photo Kind (circle one): film (NCPN) digital(SCPN)

Extra Photo Log Sheet Used: [] yes (] no

Photo Pt# Photo Type* Roll# Frame# Time Hgt (cm) Photographer Caption

Photo Relocation Comments:

([ 1 | | 1

Photo Relocation Comments:

I N N N B

Photo Relocation Comments:

l [ || ! |

Photo Relocation Comments:

- r [ [ |

Photo Relocation Comments:

- r r [ f{ |

Phato Relocation Comments:

*Note: Photo Type Choices: Site; Landscape, Feature, Fieldwork, Fauna, Vegetation, Disturbance, Other

CLIMATE

Wind Code (enter number):

[0 =calm; 1=smoke driffs; 2= light breeze; 3 = breeze with constant motion; 4 = sm branches move, dust rises; 5 = small frees sway. 6 = Ig branches moving, wind whistling]

Rain Code (enter number): [ 0=norain; 1 = mist or fog; 2 = light drizzle; 3 = light rain; 4 = heavy rain; 5= snow]

Cloud Cover (enter number): Air Temperature: % % %
SITE ENVIRONMENTAL DESCRIPTION

Aspect: deg. Slope: deg. Slope variability (check one): [ high [ medium ?‘low [J none

Site Area (checkone) 0 <2m? [02-10m* [010-100m*> [100-1,000m*> [0 0.1-1ha ¥1-10ha  [110-100ha [J >100ha ¢,

Landscape context I Another spring within 500 m: [J yes I?Sf;no Other riparian vegetation within 500m: [J yes ﬁ no

Landscape context comments: . -
ﬁ;ﬁ.:rgbs}f (é-m‘*‘% Do

b "? L;Lr v**'é) ’

LA DI

i
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SITE DESCRIPTION FORM

‘ ‘ G L r .'! {
TR (Y 7 et
SITE CODE: 5@ S SITENAME. _ -~ * ‘f v DATE: c) j 7 »4 il

7o
Landform/Geomorphic Surface Characterization
Surface Subtype Proportion Slope Slope Variability Surface Subtype Proportion Slope Slope Variability
(high, med, low) Type Code

Type Code # (total=100%)

# (total=100%) (deg.) (high, med, low)

P
25

Codes: BW= backwall; SB=sloping bedrock CS= colluvial slope; C=cave; CH=channel; HGC=hi gradient cienega; LGC= lo gr;\dient cienega; SMéspring mound; PL=pool, TE=Terrace;
TU=tunnel; MAD=madicolous flow; OTH=other

Habitats (check all that apply): [ cave Uorifice [ hyporheic [ wet wall [J madicolous [ spray zone gpool ¥ stream
O cienega [J hillslope Amcadow ﬂriparian [ barren rock ﬂupland [ other (describe):

Site Environmental (Eomments:ﬂj .3 . 2 . _ v g
S SRTINGITR B0 b FaAh G ITS o0 Bddoa ol wis) ( e
K y 1 R
Solar Radiation:
Sunrise: J F M A M J J A S () N D
Sunset: J 3l M A M ] J A S (0] N D

SITE CONDITION AND LAND USE

Overall site condition and disturbance (check appropriate boxes): [l pristine [ natural disturbance ﬂanthropogenic disturbance

Natural Disturbance (if box is checked above, then indicate the types of natural disturbance present on the site);
O recent flooding [ windthrow [ native ungulate grazing [ insect disturbance [ other (describe):

Anthropogenic Disturbance (if box is checked above, then indicate the types of anthropogenic disturbance present on the site):
ﬁroads/OHV trails [J hiking trails [J recreation use [ flow modification [ livestock grazing Pﬁhistoric human occupation/use

O prehistoric human occupation/use [ other (describe):

Site disturbance comments (use to describe all disturbance other than flow modification): , o
o e b, Tl o oo B e el R W e S (P 0 e R AT S
Ut awd s lE O SEVES : A s i

¢ E‘;ﬂ’( li Lié A L ") hy gt Lok L gproamgo

{
Flow Modification (if box checked above, enter ‘PRE’ or ‘POST’ in applicable fields): [ none pipe diversion dam diversion
open trough/tank pumping encasement excavation sealed cracks ﬁothcr (descnbe in comments)

Impact on flow (check appropriate box): [J none [ slowed [ stopped Bhrerouted [J increased

. . A il
Flow modification comments: . ' ) . b etk e
o, QAR ELY he kel alsnaSIAR. [0 ok

yo
n
: ey

COU. VAT ALt yeARD e daa
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SITE DESCRIPTION FORM

gCO { i <o it 7[ T
SITE CODE: -5 SITE NAME i .A,,f DATE. / , LA

AMPHIBIAN AND OTHER WILDLIFE OBSERVATION
Amphibians Survey Conducted: [J yes ﬁno

Amphibian Comments: e }(
| b KuiXons
.- ) (WA

B 2
i

Wildlife Observations - (check which groups were directly observed on the site):
\ﬂ‘lBird 0 Mammal [ Reptile
Wildffe Comments (use this field to document species observed and indirect evidence of bird, mammal and reptile presence/use):

2005: APR 14 Page - 3
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SITE NAME:

VEGETATION SURVEY FORM

DATE:\S\ \L4 2.0

Veg Strata Classes

Soil Moisture Classes (top 10 cm)

Substrate Classes

N

5 Class ~
Code | Class Name Code | Name Definition Code | Class Name Definition
il tall canopy (>10 m) 6 inundaiied standing water in soil 1 Clay Not visible, smooth
mid-canopy (4-10
C m) 5 saturated completely wet, no standing water 2 | Silt Not visible, gritty X
L Visible, gritty, up to "
S shrub (0-4 m) 4 wet soil easily sticks together 3 Sand (0.06-2 mm) ladybug size
H herbaceous 3 damp moderate moisture 4 Fine gravel (2-15 mm) Ladybug to marble
i Coarse gravel (15-65
M moss/surface cover 2 moist like after a light rain 5 mm) Marble to tennis ball
A Aguatic 1 dry no moisture, soil easily separates 6 Cobble (65-250 mm) Tennis ball to basketball
Prominence Scale 7 . E.Boulder (>250 mm) Basketball to car
Code | Class Name Code | Class Name 8" Bedrock Larger than a car
6 Dominant (>95%) 2 Uncommon (1-10%) WD -7, Wood Any size
5 Abundant (50-95%) 1 Occasional (<1%) Li- Litter Dead organic matter
4 Common (25-50%) 0 Rare (<<1%, few individuals SL Soil Mineral soil
3 < common (10-25%) OT | Other Use comments field
Veg Strata Cover Soil Substrate Cover
Geomorphic Surface Type T c S H M A | Moisture 1 2 3 4 5 6 7 8 WD LI SL | Describe
] I ICE I L 414 1& |y
4 7[5 . T HL Ty
; 2 | 7 3 1Ly 2R | o
ah

P




Sl ¢

o

N

soil substrate

soil moisture

S-Acer Saccharum

Arctium

Carex sp g

Circaea lutetiana

Cirsium sp

Cirsium vulgare Sz
Fragaria virginiana -

S-Fraxinus

Galium trifolium

Geranium sp

Geum

Impatiens capensis s T EY
leaf litter-DWD N

Oenothera biennis f

Oxalis stricta

Parthenocissus-insetta .| : A NECY,
R

[Rhalaris.arundinaceae. |, oo | oo | ()

Plantago major

Polygonum sp

S-Prunus virgintane- -, 1 )
S-Quercus oo B u®
Ranunculus Ve

Rhus typhina L W

oo

Ribes missouriense

k3 -
Ragablanda {5 : .1 il g

Rubus allegheniensis

Rubus idaeus S

Rubus occidentalis Lk e Ginigadll o #fm
Sambucus canadensis ‘ L
sedge
Solanum dulcamara v N e
Solidago sp v { =) i P Tf
Taraxacum officianale e Rl T i o
Thalictrum dioicum . m"‘j
S-Tilia americana et
Unknown i N .
Urtica dioica V’q) W il J#(
Viola sp 441—}'—44;:.._ —
Vit riparia__ /& " Qo

wiady oo e 0t B

4 7 5 7
{4 E‘j:' ‘. v i:?)

“ g Ay
i \
- i i i 5 — A
Nyt 28 s M
Fi ] =

X g«;i:j_aﬁ?ih gy iy T e —1CaeA Seob coh



: S A & N [ St pé 5y
soil substrate =2 F s v o ' -

. = = [P . - e e S A
soil moisture ViAol il 4 ~ Wedi] - PP e
S-Acer Saccharum g ol e e .} i

]

T S e . 7 ol =i - : i
Arctium e ot o Sraid S TR Brllech [7c 04
Carex sp ) i i1 g U\F ,
i i g‘;\, P P w7
C!rc?ea lutetiana o [Shiddie, ~ 0%
Cirsium sp - : I L

Cirsium vulgare o Gl
Fragaria virginiana £L
S-Fraxinus (e olin
Galium trifolium | =l
- Fi e, &
Geranium sp - R st ¢
Geum AT b
Impatiens capensis . Ttal 5 ' «
leaf litter-DWD ' o[ KAl 7
- . =) 7,- § 2 oa W
Oenothera biennis ‘ TENLATTT R T

M
fi

Oxalis stricta TED
Parthenocissus.inseqf@ .. .~ ] w 5 CiCa.
Rhateris-arundinaceas. v et e e _

Plantago major \ )

Polygonumsp .. o
S-Prunus virginiana o
[S-Quercus s ' o
Ranunculus VA
Rhus typhina =
Ribes missouriense A
Rosa blanda Pt ,_
Rubus allegheniensis e i

Rubus idaeus lé_ﬂf’ : 4.

Rubus occidentalis '
Sambucus canadensis v po
sedge opb a8 ¥ :
Solanum dultamara v G-k = , _
Solidago sp 7 I
Taraxacum officianale
Thalictrum dicicum y
S-Tilia americana N }
Unknown L
Urtica dioica v i
Viola sp '
Vitis riparia__, (2D lo—2g
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GPS AND GEOMORPHOLOGY DATASHEET

" Vs
A S
,‘nﬁ £ LT E M
SITE CODE: 559& SITE NAME: S’CO] 3 DATE: __ (4§~ f/ Lhg?
LOCATION - GPS !Take one readinﬁ at centroid of site) START TIME END TIME
UTM’s from (check one) : [1 Map [] GPS Datum NAD 83 Zone: GPS Name and Model:
GPS File Name Field UTM X Field UTM Y PDOP Emor +- (m) 3D Differential
YorN
______ mE . __mN
GPS comments:
GEOLOGIC UNIT DESCRIPTION
Geologic Unit Name Source Geologic Unll Site Geologic Unit Geologic Unit Commcms_,‘ , P a? s T
Cote ] coce g??’;}w SUT Pl e
YR LS (o Hir
Rock Sample Taken: [OAYUII L | 168 LA
Oyes [(Tno -
gf 3 3
Rock Type and Rock Subtype for Primary Geologic Unit Rock T haracterization for Primary Geologic Unit
(chf)'ck one box for primary type and one box for primary subtype)
ﬁSedimentary U igneous [J Metamorphic Percent Grain Size (total=100% Grain Shape
] « shale [0 granite 0O marble Clay (not visible, smooth) 0O spherical
[ mudstone [] granodiorite O quartzite Silt (not visible to eye, but gritty) [J_  oblong
[] siltstone [] diorite [] slate Sand (0.06-2mm, visible to eye) ﬁ other:
[J sandstone [J 9abbro O schist x Fine Gravel (2-15mm, lady bug to marble)
[] conglomerate [) peridotite [0  gneiss Coarse Gravel (15-65mm, marble to tennis ball) rain Orientation
) limestone O rhyolite Carbonate Cobble (65-250mm, tennis ball to basketball) ] imbrication
M dolomite [] dacite Oyes [ no Boulder (>250mm, basketball to car) A random
[] evaporites [] andesite Strike ° &5_3_1&' N other
O coal [] basalt Dip 0 BV _E L G!?@'(
Roctype comments: "TUACAL (VWA Twﬁf (¥ NOLoTBNEGS UTLROP Aloxt
NIAERS BSCLpmEN
EMERGENCE ENVIRONMENT DESCRIPTION Vi
Emergence Environment (check one): [J cave Msub—aenal O subaqueous—lcnt)c 0 subaqueous-louc [ other (describe in comments)
| Emergence enviropm e;ii?:b?nmems &1 F ZéA £1 Oan *'M" V- & IARJTL IAY
! 3 ﬁ--ﬁ 44 fv‘ J; [
CEDEAT 5 P
Subaerial Emergence Setting (ck one): Mchmmel [ floodplain [] terrace [] canyon wall [] prairie [] mountain side olhertplease describe)
Character (check one): [] organic ooze [ silt Nsand yrock [ other (describe):

FLOW FORCING MECHANISMS

P50 O
Je5 S

Flow forcing mechanism comments:

FF f:c')lz

W 'HC u L
“H?;;f:} gs ?

SPRIGES O/J”S_‘FZJ‘_

Y "frh«

CHAY

Flow Forcing Type (check one): ﬂ gravity [J artesian [J geothermal [J natural pressure  [] anthropogenic pressure [J undetermined

{2
7 3

( e ?’CUAJI) g?

- ONE 1 mpa/»”?)f) é‘ -
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GPS AND GEOMORPHOLOGY DATASHEET

SITE CODE: SITE NAME: DATE:
SPRING TYPE AND ORIFICE CHARACTERIZATION
Orifice Number (check one): [] single {x multiple
. j"
Orifice Geomorphic Type (check one): [ seepage/filtration spring #ﬁmmre spring [J tubular spring Rcontact spring
Spring Type (check one): [J cave [J limnocrene L] rheochrene [l mound-form [} heleocrene
Nhilislope [ gushette [] hanging garden [] exposure [ hypocrene

Spring type and orifice comments:

QuUTEL HOM - LA
MAVTLE S LOPE .

3 £ k‘:
hOTL e

1) DolosdIE & TOR JF

SPRING CHANNEL CHARACTERIZATION

Channel Present (check one) : ﬁ yes [l no

Number of Channels: i

Meander Distance: 'O;' ! (m)

Flow Type (check one): [ perennial [ intermittent [¥ephemeral

Channel Length: | (/)

Channel Slope: deg.

Channel Width (m)

f=dm

Channel Depth (m)

.25~ L5m

Sireciaie
Stere C&A’Y rPouTH

y/L(}LJ "a’@ﬁ.}"gﬁ L6 SOTE, ?Qm N

Channel profile comments: = 7\
Caﬁﬁ;&w@ CLOPE ;a,me HEa) 1O mwu:;; HS Al
s . o~ i mf“"’ iy
SloPE Au ".“{,T\  (voUTH S OPE Yo =-SO8
Channel substrate comments: o s : ) A ; = ) 4
lZC}{,M\ o Gfiﬁ‘ t’( : A *}).. 3 g Ly Q& g& ocH {.— {000 _5,54"@

» 4
£ 7 Z

Channel Typc

_,nnM 9

Channel Type Comments = i»; f:,a& T f:;,
- MATURA{ {_ﬂ ifj“"
A Mi@é;

spnng dlscharge dominated [J run-off dominated [} mixed

T z ; H, s
s P d gt i)
Llha ; H
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SR = solar radiation reading site

CH = channel

paleo-crifice

FM = flow maodification

PO

“

4

d,

e !

OR = spring orifice

PL

pool location

SITE DESCRIPTION FORM
Site Name:

-S

Site Code:

SITE SKETCH MAP

Y

A

PP = photopoint (w/i#)

water quality measurement site
discharge measurement site

SKETCH MAP CODES: WAQ

GPS reading site

GPS

Di=
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SITE DESCRIPTION FORM

SITE INFORMATION /PHOTOS

SiteCode: _ --S_ SiteName: :CO [ 3 Date: 31 7 2,

Surveyors SITEDES: GEO/H20/CLIM: VEG: S UADLAC @ INVERTS: ~.}. .«‘ r‘\-c\v‘ e
Starttime: _ ~ EndTime: ___ USGS quad map: State: _ Ownership: NPS BLM USFS Private

T

Access Description:

Photos Taken: [] yes [0 no Camera Name and Model: ‘ Photo Kind (circle one): film (NCPN) digital(SCPN)
Extra Photo Log Sheet Used: [] yes [] no

Photo Pt# Photo Type* Roli# Frame# Time Hgt(cm) Photographer Caption

Photo Relocation Comments:

1 1 |

Photo Relocation Comments:

| [ | | I

Photo Relocation Comments:

l [ || | l

Photo Relocation Comments:

Photo Relocation Comments:

. 1 1 1 |

Photo Relocation Comments:

*Note: Photo Type Choices: Site; Landscape, Feature, Fieldwork, Fauna, Vegetation, Disturbance, Other

CLIMATE

Wind Code (enter number):

[0=calm; 1 =smoke drifts; 2 = light breeze; 3 = breeze with constant motion; 4 = sm branches move, dust rises; 5 = small trees sway; 6 = Ig branches moving, wind whistling]

Rain Code (enter number): [ 0=norain; 1 = mist or fog; 2= light drizzle; 3 = light rain; 4 = heavy rain; 5= snow]

Cloud Cover (enter number): Air Temgramre: OC OC DC
SITE ENVIRONMENTAL DESCRIPTION

Aspect: deg. Slope: deg.  Slope variability (check one): [ high [J medium [ low [ none

Site Area (check one) 0 <2m? [0 2-10m* [0 10-100 m* [1100-1,000 m* & 0.1-1 ha ﬁil-ld'ha 0 10-100 ha 0 >100 ha

Landscape context I Another spring within 500 m: O yes‘@ no ‘[ Other riparian vegetation within 500m: [J yes B no
Landscape context comments;: i . L L e T
Qov N i:\‘t:.ﬁes ™ BOom Koo R@Tsaf BhE OVl e HJB-& Tty
= ; Lo popThan A . /
e s withon en ORI piatiids v
Lo L t‘g»\:-:fci_' W ntasas sy akovd Spring s CW

A
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SITE DESCRIPTION FORM

SITE CODE: SCG!S-— s SITENAME: O @i i DATE: J_U 7l Qithk
\

Landform/Geomorphic Surface Characterization

Surface Subtype Proportion Slope Slope Variability Surface Subtype Proportion Slope Slope Variability
,[ k‘-@ Type Code # (total=100%) (deg.) (high, med, low) Type Code # (total=100%) (deg) (high, med, low)
Wt W i i i : : i 1

o

Codes: BW= backwall, SB=sloping bedrock CS= c-olluvial slope; ff:cave; CH=channel; HGC=hi gradient cienéga; LGC=lo gr.adienl cienega; SM=spring mound; PL:pool; TE=Terrace;
TU=tunnel, MAD=madicolous flow; OTH=other

Habitats (check all that apply): [J cave [onifice [ hyporheic ~ [J wetwall [J madicolous [J spray zone [J pool [ stream

O cienega mcilglope " mead W, Uriparian [ barren rock THupland [ other (describe):
X \C:

Site Environmental, Cominents

roneed keglea

TV ‘Z R e R

’}-cuu:‘“\. r -".‘ TREED SN (o

| i /
.r-w‘,_\‘\_ghu_f i,}«t oulr o éﬂ ¥ {Ll.;-._ ﬁg 64.,«, Lx?" oTE "-;J;q <L ,,,4:, ¥ ;} R T

i‘.;ﬁ \{ ;,1‘, ¢ ,‘_E_{_, A e b

Solar Radiation:
Sunrise: J F
Sunset: J F

==
>
==
oo
zz
O o

SITE CONDITION AND LAND USE
Overall site condition and disturbance (check appropriate boxes): [ pristine  [J natural disturbance ﬂanthropogenic disturbance

Natural Disturbance (if box is checked above, then indicate the types of natural disturbance present on the site):
0 recent flooding [] windthrow [ native ungulate grazing [] insect disturbance  [J other (describe):

Anthropogenic Disturbance (if box is checked above, then indicate the types of anthropogenic disturbance present on the site):
M roads/OHV trails O hiking trails [] recreation use Fbﬂow modification m livestock grazing m historic human occupation/use

O prehistoric human occupation/use [ other (describe):

7
(T2

Site d:sturban?e comments (use to descnbe all glsturbance othﬁr than flgw mod:ﬁcano . v
thatnek Qusses LT ’uu«’e—r Uaga v .‘L. Lot ’fﬂ LY d;’
3 A

{2 \“,;‘4 =\.»U(,0$€+ [ "U"(‘-""Hf’ g ""L,‘f e H&C neav ro&b‘z zf’ﬁ‘»’

(\—{--{‘ A

.,,\;

i
b,

, {5 ol kel lar Scute

-,

L

MC\NW *—‘«;fa_\ig eV paiim ;L E el £ SREL ’;
: 3 . §
Flow Modification (if box checked above, enter ‘PRE’ or ‘POST in applicable fields): [J none _?Qypipe diversion dam diversion
p;opcn trough/tank pumping ._encasement excavation sealed cracks other (describe in comments)

Impact on flow (check appropriate boxj: O none [ slowed [ stopped [ rerouted [ increased

Flow modification comments: Ov'\’ least - :f,‘(.‘a g ~'<i Ci]ﬁ;&-% SEVNG ¢\G‘ pigie N e o 9) L ‘!}«-M*‘ 1S,
the L5 f‘ \«4 f%./rf rcu'h cL ;pu‘wrif i L H dide o f i_‘i‘c-‘kﬂr ol (f excavi ehe £ PO AN s ifé”f‘f:”:“'"\_,
Eng e }.-V«-«FJ
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SITE DESCRIPTION FORM
1
SITE CODE: jcc? [3- S SITE NAME: ‘-—’ p T ;

pate: I | ] doTE

3

AMPHIBIAN AND OTHER WILDLIFE OBSERVATION

Amphibians Survey Conducted: [J yes Bno
Scientific Names:

Iﬂ'@.,r 67/{,“ hy s ﬁ‘;{" RU/V‘&” ?‘ D] Ly

Wildlife Observations - (check which groups were directly observed on the site):
s@B:rd [0 Mammal [J Reptile
Wildlife Comments (use this field to document s?ecics observed and indirect evidence of bird, mammal and reptile presence/use):

Wi Ko,
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VEGETATION SURVEY FORM

\. 1
— ; L \ P,
SITE CODE: 5:013-- s SITENAME: __ <o €1 (g N DATE: I 7 Al D
1 i
Veg Strata Classes Soil Moisture Classes (top 10 cm) Substrate Classes
Class
Code | Class Name Code | Name Definition Code | Class Name Definition
T tall canopy (>10 m) 6 inundated standing water in soil 1 Clay Not visible, smooth
mid-canopy (4-10
[o] m) 5 saturated completely wet, no standing water 2 Silt Not visible, gritty
i Visible, gritty, up to
S shrub (0-4 m) 4 wet soil easily sticks together 3 Sand (0.06-2 mm) ladybug size
H herbaceous 3 .damp moderate moisture 4 Fine gravel (2-15 mm) Ladybug to marble
Coarse gravel (15-65
M moss/surface cover 2 moist like after a light rain S mm) Marble to tennis ball
A Agquatic 1 dry no moisture, soil easily separates 6 Cobble (65-250 mm) Tennis ball to basketball
Prominence Scale 7 Boulder (>250 mm) Basketball to car
Code | Class Name Code | Class Name 8 Bedrock Larger than a car
6 Dominant (>95%) 2 Uncommon (1-10%) WD Wood Any size
5 Abundant (50-95%) 1 Occasional (<1%) LI Litter Dead organic matter
4 Common (25-50%) 0 Rare (<<1%, few individuals SL Soil Mineral soil
3 < common (10-25%) oT Other Use comments field
Veg Strata Cover Soil Substrate Cover
Geomorphic Surface Type T C S H M A Moisture 1 2 3 4 5 6 7 8 WD LI SL | Describe
| B Z AR A ) T -
LG :B‘ b lo Tl G0 =TI - e e
QB v prerp imp Y | 2 (o ) s T [ Te .
LS woedd 3 3 15 i 1l 5,3_" 2. |alal2 lalz ! -
DS Mo iges i o o l = 2 2 2. DY
f




SITE CODE: SCO R-- S

VEGETATION SPECIES FORM

VEGETATION SURVEY FORM

SITE NAME: SQ? B Pl

{,
e
DATE: \!

Qo A

Species Cover Class:
nonvascular. If the id
collections were made.

™
s

N 1] _-
STARTTIME __| | 5 ENDTIME /A 1S

Starting with the uppermost stratum list all species with full scientific names, cover class for each species by geomorphic type. It may be helpful to group by lifeform,
entification of a plant species is unknown please collect an ID sample and assign a unique unknown species code as described in the protocol. Use a check mark to ind

e.g. tree, shrub, graminoid, forbs,
icate if ID collections or voucher

Cover Class by geomorphic surface type (enter one value for each surface code) Was Collection Made ?
Full Scientific Name Unknown Species Code ] o ST T T T Voucher ?  ID Coll?
BW|PL [0H [0 s |os v v
- i )
Gatluas onollvsee ]
oA DA P e . |
o patiems CG . onoad 3
Owalia sherchy i
by e R 0 AD LSS e s AZSALL 1
tal wognp iy 0 DAL LR AT i frs
Lyl is yoigargs |
Vﬁ CEYNL o ; B AUSw o 24 :E"!ij;’::ln = ) L
R los Cnpe p g% . { e
Snlidess < o
Tacawd o o8 snie i
o - [} ] . F
ToX (£ a0 rATE Y ey S £ vg 4
A ' . 2
thilou o ocndoneg Z
| . | LR } po
S Gita g n : ks
}
SO R G L' -'wi?l"f'r\.. :’
Mpdicsan’ Vi Ruloow &
Verbagd o *"ﬁ“ua:.: S0 n
T e eo g 3
O T ] : i
bensie ai@miciikolia j
SRS NS o v A O 7 ! i
s LN R E
_ ey — p—
Prominence scale for estimating vegetation and substrate cover Geomorphic Surface Type Code
Number | Class Name Definition Number | Class Name Definition Code Name Code Name
6 Dominant >95% cover 2 Uncommon 1-10% cover BW Backwall SM Spring Mound
5 Abundant 50-95% cover 1 Occasional <1% cover SB Sloping Bedrock PL Pool
4 Common 25-50% cover 0 Rare few individuals CS Colluvial Slope TE Terrace
3 Somewhat common 10-25% cover C Cave TU Tunnel
CH Channel MAD Unfocused Madicolous Flow
High Gradient OTH Other
HGC Cienega
Low Gradient
LGC Cienega
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soil substrate
soil moisture _
S-Acer Saccharum i -, . fhe s 4%

P 2R i 3

Arctium T
Carex sp i
Circaea lutetiana P )
Cirsium sp ais |
Cirsium vulgare e
Fragaria virginiana G
S-Fraxinus =
Galium MFTmim- Gﬂ/ :
Geranium sp )
Geum  Qaadii Lo (D) , :
Impatiens capensns L (2 | T
leaf litter-DWD — etk
Oenothera biennis '
Oxalis stricta iy
Parthenocissus inserta il : ; i
‘Rhalakis-armndinacene A CLiltenas Ay
Plantago major
Polygonum sp Pecy -8l
&Emuus_wrgmfaﬂq ' ‘
S-Quercus
Ranunculus
Rhus"typhma f\;_- & F
Ribes M
Rosa blangda= ., i ; )
Rubus-allegheniensis i/, . |«
Rubus idaeus
Rubus occidentalis -’
Sambucus canadensis
sedge

Solanum dulcamara wall
Solidago sp s
Taraxacum offi manale W
Thalictrum dioicum
S-Tilia americana P

0
Unknown g5 T N lolAiy, ([

] P
R Sl T

Urtica dioica o (A
Miotersp Cp Jov s s
Vitis riparia v

e

A‘.,u S ﬂ-/',rf"\ 'z el e

&
‘S-m
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3
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GPS AND GEOMORPHOLOGY DATASHEET

THEed 1 i
SITE CODE: -8 SITE NAME: 5 CO / ?{ DATE: 8 0 “754 g‘:

Ty

b

{ & 71&
LOCATION - GPS sTake one readinE at centroid of site) START TIME _»’_:3' e 4 END TIME
UTM'’s from (check one) : [0 Map [J GPS Datum NAD 83 Zone: GPS Name and Model:

GPS File Name Field UTM X Figld UTM Y PDOP Emor +- (m) 3D Differential
YorN

GPS comments:

GEOLOGIC UNIT DESCRIPTION
Geologic Unit Name Source Geologic Unit Site Geologic Unit Ge Ioglc Umt omments: . . . o
Code. Code 2ot -:’-' A FeE Gl
Rock Sample Taken: 1] 545 qz_’_{.gﬁfu <] th 1T H j M} w w‘- ,*‘!‘*;‘3"1
A 2 2 C< t;',"a('f w‘/’ VAR U g
3 3

Rock T Rock S for Primary Geologic Unit Rock Type C ization for Primary Geologic Unit

(check one box for primary type and one box for primary subtype) '

I8t Sedimentary (] 1gneous [J Metamorphic Per rain Size (total=100% Grain Shape
g‘; shale ¢ ] granite ] marble Clay (not visible, smooth) 0 spherical
[] mudstone [] granodiorite 0 quartzite o Silt (not visible to eye, but gritty) 0 oblong

[ sitstone [] diorite 0 slate T Sand (0.06-2mm, visible to eye) 0 other:

[J sandstone [0 gabbro [  schist "~ Fine Gravel (2-15mm, lady bug to marble)

[] conglomerate | [] peridoite ] gneiss "~ Coarse Gravel (15-65mm, marble totennis ball) | Grain Orientation
[, limestone [0 rhyolite Carbonate : Cobble (65-250mm, tennis ball to basketball) 0O imbrication
}g dolomite ¢ [] dacite Oyes [no Boulder (>250mm, basketball to car) 0 random
[] evaporites [] andesite Stike __ ©° Rock Color 0 other

[ coal [] basalt op ___° 9 _ [__

Rock type comments:

EMERGENCE ENVIRONMENT DESCRIPTION
Emergence Environment (check one): [] cave %sub aerial [] subaqueous-lentic [J subaqucous»lotlc D other (descnbe in comments)

Hr‘,, F‘“‘%\
.

R S [‘-1 i (‘” g ‘l ; ‘7;"‘ o ¥ % | "

Emergence envuonmer}t’ comme?ts f* 7, By ¢ }7 £ 35;' #:3) 4 ﬂ{: U{i -Eg L% 4 -t 3»'/(1 G
Af &37“ o Pk ’1 = "‘ . (}th E—*‘E g—! i__: L :@\.., ; [ % 1::"‘ L "-;E ‘) j’ﬁ'; $ SO ﬁéj AT

1571 M’UJU 4. ' ’

L GMYGH. e L]

Subaerial Emergeng Setting (ck one): 'O channel O floodplain [ terrace [J canyon wall [] prairie [] mountain side other (p‘ease describe)

Emergence Substrate g;hgactgr (check one): [ organic ooze D silt Nsmd [J rock [J other (dcscnbe) N
¥ T e SF"IJ BIeT Ll o prce

FLOW FORCING MECHANISMS

Flow Forcing Type (check one): y gravity [J artesian [] geothermal [ natural pressure [ anthropogenic pressure (] undetermined

Flow forcing mechanism comments: (;' ..f Al g i.,,., 17 " @__w ,Ua S ‘ SST fr ]A %_ ST

§

2005: APR 14 1




: : K GPS AND GEOMORPHOLOGY DATASHEET
sore cone: SO

SITE NAME: DATE:

SPRING TYPE AND ORIFICE CHARACTERIZATION

[}

-
Orifice Number (check one): (] single Xmutiple S AT} {5 1L
Orifice Geomorphic Type (check one): ﬁsccpage/ﬁltraﬁon spring [ fracture spring [ tubular spring [ contact spring

Spring Type (check one): [ cave [] limnocrene  [] rheochrene [] mound-form [ heleocrene
(] hillslope [ gushette [] hanging garden [ exposure [] hypoctene
Sprmg pr_e and orifice comments ~ \ NT,M; r "??f % ___A mﬁ «._.,‘ P {,- i) ‘9 b » 4 .f g}

CTieLE & fruh) Boits.
LB Gl

SPRING CHANNEL CHARACTERIZATION

Channel Present (check one) : [J yes Mlo Number of Channels: 0 Meander Distance: (m)
Flow Type (check one): [] perennial [ intermittent Mphemeral Channel Length: (m) Channel Slope: deg.
Channel Width (m) Channel Depth (m)

Cham:cl roﬂle comments

;%zw Foil 100 w},

O R e 6 s s /v Aty Buitbiues

:

Channel substrate comments: - "y

Channel Type [J spring dlscha.rge dominated [] run-off dominated [] mixed A_/ ‘f‘,.{i-
et

- ‘ﬁ._. e
Channel Type Comments < d ;} L2 1‘{; }{
,“'v- bt ot !“" H s W
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SITE DESCRIPTION FORM

SITE INFORMATION /PHOTOS
Site Code: -8 Site Name: 5C0( g/ Date: » " i ] D (é‘
e 5 L -
Surveyors SITEDES: GEO/H20/CLIM: Wﬁk\B UL MG INVERTSAD o & 7 2Pl
Start ime: End Time: USGS quad map: State: Ownership: NPS BLM USF? anate}

Access Description:

et { i
Fasel

Photos Taken: [J yes [] no Camera Name and Model: Photo Kind (circle one): film (NCPN) digital(SCPN)
Extra Photo Log Sheet Used: O yes O no

Photo Pt# Photo Type* Roll# Frame# Time Hgt(cm) Photographer Caption

Photo Relocation Comments:

l il || | I

Photo Relocation Comments:

l | | I |

Photo Relocation Comments:

1 11T [ |

Photo Relocation Comments:

N N AN NN N

Photo Relocation Comments:

[T 1 1 |

Photo Relocation Comments:

*Note: Photo Type Choices: Site; Landscape, Feature, Fieldwork, Fauna, Vegetation, Disturbance, Other

CLIMATE

Wind Code (enter number):

[0 = calm; 1= smoke drifts; 2 = light breeze, 3 = breeze with constant motion: 4 = sm branches move, dust rises; 5 = small frees sway; 6 = Ig branches moving, wind whistling]

Rain Code (enter number): [ 0= norain; 1 =mist or fog; 2 = light drizzle; 3 = light rain; 4= heavy rain; 5 = snow]

Cloud Cover (enter number): Air Temperature: Oc °c %
SITE ENVIRONMENTAL DESCRIPTION
Aspect deg.  Slope: deg.  Slope variability (check one): O high O medium [ low [J none
y
Site Area (checkone) 0 <2m? [0 2-10m* [ 10-100 m? AIOO-LOOO m? [001-1ha 0O1-10ha [ 10-100ha [J >100 ha
Landscape context | Another spring within 500 m: [J yes ] no Other riparian vegetation within 500m: [ yes ', no
Landscape context commen?:‘ o
6 sl A ( E5 \eetet

WY i
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SITE DESCRIPTION FORM

SITE CODE: é(O[‘K- s SITE NAME: 5 "'"V DATE: QJ L 7 '?\f'f,?-'izﬂ’

Landform/Geomorphic Surface Characterization

Surface Subtype Proportion Slope Slope Variability Surface Subtype Proportion Slope Slope Variability
Type Code # (total=100%) (deg.) (high, med, low) Type Code # (total=100%) (deg.) (high, med, low)

Codes: BW= backwall, SB=sloping bedrock CS= c;:olluvial slope; (i=cave; CH=channel; HGC=hi gradient cienéga; LGC=lo gr.adieni cienega; SM=spring mound; PL=poal, TE=Terrace;
TU=tunnel; MAD=madicolous flow; OTH=other

Habitats (check all that apply): [J cave [lorifice ~ [J hyporheic (] wetwall [ madicolous [ spray zone a;;oool O stream
O cienega [ hillslope Q/meadow Oriparian  [J barren rock upland [ other (describe):

Site Environmental Comments: o '(. {e-

A NTHRORSFEAHE K 1E TuRGAME 1N ENTIIT S 1B,

Solar Radiation:
Sunrise: J F M A M J J A S (o) N D
Sunset: J F M A M J J A S O N D

SITE CONDITION AND LAND USE
Overall site condition and disturbance (check appropriate boxes): [ pristine (] natural disturbance xﬁ]‘lmthmpogcnic disturbance

Natural Disturbance (if box is checked above, then indicate the types of natural disturbance present on the site):
[ recent flooding (] windthrow [J native ungulate grazing [J insect disturbance  [] other (describe):

Anthropogenic Disturbance (if box is checked above, then indicate the types of anthropogenic disturbance present on the sitc):
ads/OHV trails O hiking trails [] recreation use ﬁ,\ﬂow modlﬁcauon [J livestock grazing ﬂhlstonc human occupation/use

prehistoric human occupation/use ﬁ other (describe): 3 "r’“ S

Site dlsturbancc comments (use to describe all disturbance other than flow modifi catmn)

A‘;ff/ﬁ( bl ;4'7( ('ir‘- tét’lﬂ"’ S Z“ "?“( VIR T

£ «-” 4
1& w.:z,u-t T r\'--r‘,_ gt ) : }
: 'f" et A ..“f""' ;u,,:"?i ' } L EEg Rl g o el {’WJ
Tr:(_f(“ ff)\. 'iaj VL\’ZT"{ o f;/ r__x.-{ “}/ Pt st _,' 7S oF / i
: ’7"u-r;(.,(, x»»"&? :
Flow Modification (if box checked above, enter PRE' or ‘POST’ in applicable fields): [] none . pipe diversion dam diversion
z open trough/tank pumping encasement __ excavation _  sealed cracks other (describe in comments)

=
Impact on flow (check appropriate box): [J none [ slowed [0 stopped E%{rerouted [ increased

Flow modification comments: e o j i g by e M
ihek R AT S L E Ay Yl RO WY }l a2
% - t

¥ f:: G \V-t(f) &5“"’1 H?"‘*
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SITE DESCRIPTION FORM

Lold DR |
SITE CODE: ; -5 SITE NAME! 5% pATE: . | 7

AMPHIBIAN AND OTHER WILDLIFE OBSERVATION

Amphibians Survey Conducted: 0 yes ‘F}.,no

Scientific Names:

Amphibian Comments: = B e : ; . e \ )
2 Rame clpwicthne cpsguvd, hare U idad ‘ r/’vzfm’

Wildlife Observations - (check which groups were directly observed on the site):
“ChBird 0 Mammal 0 Reptile

Wiléiifc Comments (use this field to document species observed and indirect evidence of bird, mammal and reptile presence/use):

2005: APR 14

Page - 3




SITE CODE: g@[gs

SITE NAME:

=75

VEGETATION SURVEY FORM

DATE: \1 & /); 3.

Veg Strata Classes

Soil Moisture Classes (top 10 cm)

Substrate Classes

Class
Code | Class Name Code | Name Definition Code | Class Name Definition
T tall canopy (>10 m) 6 inundated standing water in soil 1 Clay Not visible, smooth
mid-canopy (4-10
C m) 5 saturated completely wet, no standing water 2 Silt Not visible, gritty
Visible, gritty, up to
S shrub (0-4 m) 4 wet soil easily sticks together 3 Sand (0.06-2 mm) ladybug size
H herbaceous 3 damp moderate moisture 4 Fine gravel (2-15 mm) Ladybug to marble
Coarse gravel (15-65
M moss/surface cover 2 moist like after a light rain 5 mm) Marble to tennis ball
A Aquatic 1 dry no moisture, soil easily separates 6 Cobble (65-250 mm) Tennis ball to basketball
Prominence Scale 7 Boulder (250 mm) Basketball to car
Code | Class Name Code | Class Name 8 Bedrock Larger than a car
6 Dominant (>95%) 2 Uncommon (1-10%) WD Wood Any size
5 Abundant (50-95%) 1 Occasional (<1%) LI Litter Dead organic matter
4 Common (25-50%) 0 Rare (<<1%, few individuals SL Soil Mineral soil
3 < common (10-25%) oT Other Use comments field
Vegq Strata Cover- Soil Substrate Cover
Geomorphic Surface Type T c S H M A | Moisture 1 2 3 4 5 6 7 8 WD LI SL | Describe
CH ” 50 % 3“ IR ARNE:
) 2| I e ML
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soil substrate ¥
soil moisture i
S-Acer Saccharum
Arctium Vv
Carex sp
Circaea lutetiana
Cirsium sp o
Cirsium vulgare o
Fragaria virginiana o
S-Fraxinus i
Galium trifolium =
Geranium sp
Geum L
Impatiens capensis "
leaf litter-DWD {14
Oenothera biennis , ey Y
Oxalis stricta Wi —
Parthenocissus inserta . |, ({¥ -
Phatarrsarandmaceae—— | | .
Plantago major
Polygonum sp
S-Prunus virginiana
S-Quercus '
Ranunculus
Rhus typhina
Ribes missouriense o
Rosa blanda Tzl
Rubus allegheniensis " :
Rubus idaeus
Rubus occidentalis T e
Sambucus canadensis . e W
sedge
Solanum dulcamara o D8 A e —
Solidago sp A~ A
Taraxacum officianale w1
Thalictrum dioicum TS I
S-Tilia americana Y. lgf‘, PTrcE
Unknown vh{mﬁi b
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