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Executive Summary

This report summarizes Water Year 2007 (10/1/2006306/2007) water quality data for the San
Francisco Bay Area Network (SFAN) Freshwater Qualibnitoring Program. The SFAN
includes Eugene O’Neill (EUON), John Muir (JOMUndaFort Point (FOPO) National Historic
Sites, the Presidio of San Francisco (PRES), Mwou¢ (MUWO) and Pinnacles National
(PINN) Monuments, Point Reyes National SeashoreRPQGolden Gate National Recreation
(GOGA). The network has identified vital signs, izators of ecosystem health, which represent
a broad suite of ecological phenomena operatingsaanultiple temporal and spatial scales.
Freshwater quality ranks among the most importdat signs being monitored by the SFAN.
The SFAN has many unique aquatic resources thaigméicant in an ecological and economic
context, supporting a variety of federally protecspecies. Furthermore, the National Park
Service (NPS) has a legal obligation to ensurestseemeet minimum water quality standards.

Monitoring methods followed the approved SFAN frgaker quality monitoring protocol
(Cooprider and Carson 2006). Sampling includesctbn of field and lab measured water
quality parameters. Core parameters measuree ificld include temperature (air and water),
dissolved oxygen, pH, specific conductance, anchdigge. Pathogen parameters include
coliform bacteria (total coliform anscherichia coli (E. coli)) as well as fecal coliform in
Olema Creek. Measured nutrient parameters inatitdgte, ammonia and total Kjeldahl
nitrogen (TKN).

In Water Year 2007, a total of 255 visits were mad25 monitoring stations throughout four
national park units. Monitoring sites were visitednthly. In addition, on Olema Creek, staff
conducted weekly sampling during an intensive fieek winter sampling season in cooperation
with the San Francisco Regional Water Quality GalriBioard Tomales Bay Total Maximum
Daily Load pathogen monitoring program.

Water year 2007 had recorded precipitation of 2h8Bes at the Bear Valley headquarters area
in Point Reyes National Seashore; 79 percent o8@hgear moving average of 37.40 inches.
Measured water quality results were commonly withiwater quality objectives established

by the San Francisco Regional Water Quality Coradrd Basin Plan (California Regional
Water Quality Control Board- San Francisco Bay Bed006) and the U S Environmental
Protection Agency (US EPA). The most common exceeeeseen were pH below 6.5 in the
San Francisco Bay region and below 7.0 in the @efwast Region, dissolved oxygen below

7.0 mg/L, and bacteria levels above the standa@bkshed for contact recreation. Exceedences
occurred most frequently in Pinnacles National Maeat. Throughout the SFAN, 20 percent of
the samples (41 of 201 samples) exceedeé.theli contact recreation criteria.

Observed nutrient levels throughout the networkeWwew compared to the US EPA Ecoregion
Il regional reference values (US EPA 2000). Omhe percent of the ammonia (as N) samples
had results above the 0.10 mg/L detection levegmetrate (as N) was 0.34 mg/L and mean
TKN was 0.99 mg/L. Based on these observations récommended that nutrient sampling be
reduced to include only TKN and nitrate each manith ammonia sampled quarterly in
October, January, April, and July, as well as dyany storm sampling events.



In PORE, nine stations in the Olema Creek and Buleh Creek watersheds were monitored.
Throughout both watersheds 14 percent ofEheoli samples exceeded the established criteria
for contact recreation. In the Olema Creek watatshee percent of samples fell below the
dissolved oxygen objective; there were no resudtew the criteria in Pine Gulch Creek.
Seventeen percent of the pH results from both whgels fell below the criteria for cold water
habitat. 90 percent of the pH and dissolved oxygenlts which fell below the criteria came
from the two stations on Olema Creek with interemttflow. In Olema Creek, mean TKN was
1.01 mg/L and mean nitrate (as N) was 0.26 mg/[Riive Gulch Creek, mean TKN was 1.34
mg/L and mean nitrate (as N) was 0.24 mg/L.

In GOGA, seven stations in the Rodeo Creek, Temeegalley Creek, Nyhan Creek, and
Oakwood Creek watersheds were monitored. Througheuvatersheds, 32 percent of the pH
measurements, 13 percent of the dissolved oxygasumements, and 24 percent of Eheoli
bacteria measurements failed to meet the objectistdblished in the Basin Plan. Additionally,
two exceedences of the total coliform bacterizeaatwere observed in Nyhan Creek, indicating
a high level of bacteria loading into the streamRbdeo and Gerbode Creeks, mean TKN was
0.52 mg/L and mean nitrate (as N) was 0.25 mg/D.dnnessee Valley Creek, mean TKN was
1.89 mg/L, the highest observed through the SFAMBAeds, and mean nitrate (as N) was 0.20
mg/L.

One station in Franklin Creek was monitored in JQMUFranklin Creek, there were no pH
results outside of the recommended criteria; 30querof the dissolved oxygen measurements,
30 percent of thé&. coli bacteria samples, and 20 percent of the totdlocoli bacteria samples
fell outside the objectives established in the B&3an. The mean TKN was 1.70 mg/L and the
mean nitrate (as N) was 1.28 mg/L, the highestvsen the SFAN.

At PINN eight stations in the Chalone Creek watedsivere monitored. Stations were located in
Chalone Creek as well as the tributaries Bear GiltdCabe Canyon and Sandy Creek. The
Central Coast RWQCB Basin Plan establishes a ieritdr>7 for pH. In the Chalone Creek
watershed the pH fell below the criteria duringgg2cent of the measuremen3d percent of the
dissolved oxygen results fell below the establistrétgria. Chalone Creek had the highest
number of exceedences of fhecoli and total coliform bacteria contact recreatiotecia with

28 percent of th&. coli criteria and eight percent of the total coliforamgples exceeding the
criteria. 45 percent of the. coli exceedences in PINN were observed at the McCabgoGia
station as well as the highest total coliform lemeihe SFAN of 41,000 MPN/100mL. The only
observed ammonia results above the detection Vesd seen in the Chalone Creek watershed,
although the levels were well below the objectigstablished in the Basin Plan. The mean TKN
in the watershed was 0.65 mg/L and mean nitrat®lJagas 0.13 mg/L, the lowest mean nutrient
levels throughout the SFAN.
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Introduction

Background

The San Francisco Bay Area Network (SFAN) is mauefieight national park units, Eugene
O’Neill (EUON), John Muir (JOMU), and Fort Point@PO) National Historic Sites, the
Presidio of San Francisco (PRES), Muir Woods Naiidhonument (MUWO) and Point Reyes
National Seashore (PORE), Golden Gate Nationaldation (GOGA), and Pinnacles National
Monument (PINN) (

Figurel). The SFAN identified freshwater quality as a hpglority vital sign and has dedicated
$120,000 annually to monitoring of the vital sifimneshwater quality monitoring is conducted
under the SFAN Freshwater Quality Protocol, vergd, approved in October 2006, which
identifies stream monitoring stations and the patens to be monitored at those stations, in five
of the Network’s national park units (Cooprider aarson 2006).

The National Park Service’s Management Policies§I2P06) states that parks will “use
gualitative and quantitative techniques to monky aspects of resources and processes at
regular intervals”. The Inventory and Monitoring:.ll) program was established to help
accomplish those policieBreshwater quality ranks among the most importdat signs being
monitored by the San Francisco Bay Area Network IRMdgram. The SFAN has many unique
aguatic resources that are significant in an eccéb@nd economic context. Freshwater systems
within the network support a variety of federallpfected species including the California
freshwater shrimpSyncharis pacifica) [FEY], coho salmon@ncorhynchus kisutch) [FE/SE],
steelhead troutdncorhynchus mykiss) [FT3], and the California red-legged froBaha aurora
draytonii) [FT].

The National Park Service (NPS) has a legal obbgab ensure streams meet minimum water
quality standards. The California Environmentalt®ction Agency regulates water quality
through the State Water Resources Control Boardtwisidivided into nine Regional Water
Quiality Control Boards (RWQCB). All SFAN park unitsth the exception of PINN fall under
the regulation of the San Francisco Bay RWQCB. &ites National Monument is within the
Central Coast RWQCB area. Through the Basin Plam&egional Water Quality Control
Boards have set beneficial uses for water bodidshnamerical and narrative objectives to meet
the uses (California Regional Water Quality ConBohrd — San Francisco Bay Region 2006).
There are specific numerical objectives for ammgpiid, dissolved oxygen, and pathogenic
indicator bacteria listed by each RWQCB. Neither $hate of California nor the San Francisco
Bay RWQCB has set objectives for nitrates or phatgs Additionally, there are no national
water quality criteria for temperature, specifieidactance, turbidity or total suspended solids.

Beneficial uses of freshwater bodies within the 8FAclude contact and non-contact
recreation, fish spawning and migration, cold freater habitat, and wildlife habitat.
Freshwater quality also has a direct impact onrsdwther resources including: Marine water
quality, federally protected stream species artddssemblages, amphibians and reptiles,
riparian habitat, wetlands, and aquatic macroimeHtes.

! FE — federally endangered
2 SE — state endangered
3 FT — federally threatened



Figure 1. Map of the San Francisco Bay Area Inventory and Monitoring Network.



Objectives
Monitoring objectives as stated in the SFAN Fredlew®uality Protocol are:

Determine variability and long term trends in wajaality through monthly summaries
of select parameters (water temperature, pH, cdivityc dissolved oxygen, total
nitrogen, nitrate, ammonia, discharge, fecal atal tmliform), at selected sites in
priority freshwater streams within SFAN.

Determine the existing ranges and diurnal varighdf water temperature, pH,
conductivity, and dissolved oxygen at selectedssitepriority streams within SFAN.

Determine the extent that selected sites in pyiatiteams within SFAN meet federal and
state water quality criteria for fecal indicatorchexia, un-ionized ammonia, dissolved
oxygen, and pH through monthly sampling.

Determine the annual, seasonal, and 30-day meahdeliform load to Tomales Bay (an
impaired water body) from Olema Creek as requingthb San Francisco Bay Regional
Water Quality Control Board's Tomales Bay Pathofetal Maximum Daily Load
(TMDL) Program.

Several of the monitoring questions and prograneaihjes set forth in the protocol rely on trend
analysis based on long-term data sets. The obgsctif/this first-year report are to establish
reporting format, and present findings from monitgrdata collected at SFAN long-term water
guality monitoring sites during the 2007 water y&8dre water year runs from October 1 to
September 30 of each year. However, monitoringhfer2007 water year was not initiated until
November 2006, following protocol approval.

Results presented in this report describe existiregnical and biological ranges at SFAN water-
guality sites. Effort has been made to determeecixtent to which first-year data show that
monitored freshwater resources in SFAN parks nmesidril and state water quality criteria for
beneficial uses.



Overview of Aquatic Resources

Watershed conditions in the SFAN vary from coastalersheds in wilderness areas to an
urbanized watershed managed as a public waterysupld uses within the more rural
watersheds include agricultural and commercial (bgef and dairy cattle ranching, oyster
harvesting, and equestrian) operations as weltedominantly wilderness areas.

The Mediterranean climate of the San Franciscomayion is characterized by wet winters
followed by dry summer months. The hydrologic eyss are very flashy, with high runoff in
the winter, and very low to intermittent flow dorating summer conditions. In response to
flashy hydrologic conditions and the highly actg@ologic processes associated with the San
Andreas Fault, stream channels are typically dyna@ihalone Creek in PINN includes a highly
mobile sand bed that is typically dry in the summenths. Watersheds within JOMU and the
developed portions of GOGA are highly altered byaliepment and urbanization. These
systems are highly constrained, with natural preeggngineered out of the stream system.
Watersheds within the Marin and San Mateo Counttigoes of GOGA, as well as PORE, are
less constrained and functional, supporting anadtsnsteelhead. The larger PORE/GOGA
watersheds including Olema Creek, Redwood CreekPamel Gulch Creek are documented to
support both coho salmon and steelhead. Streamnsgsh these areas have been impacted by
historic or current agricultural activities as wa$l more dispersed development.

Several NPS efforts to improve water resourcesiwi@iAN are underway. The Redwood
Creek watershed (MUWO/GOGA) is currently the foofis variety of activities including
watershed planning, transportation planning, wateity and water rights investigations,
sensitive species monitoring, aquatic system gratian restoration, invasive non-native plant
removal and habitat restoration, and mapping ofvatershed features. Similar activities are
occurring throughout the network on a smaller scaéveral stream restoration projects are on-
going at PORE including implementation of rangelarader quality Best Management Practices,
as well as fish passage and habitat restoratigeqso Restoration efforts for Chalone Creek
(PINN) and its floodplain have also been initiat8tteambank restoration (including removal of
invasive plants, erosion control, and bank stadtiion) is proposed along Franklin Creek
(JOMU), and a feasibility study for a wetland reatmn is being conducted at EUON. Major
tidal wetland restoration efforts are on-going @R, GOGA, and PRES. Wetlands inventories
and functional assessments are being conducte®@#Gas well as PORE. Restoration efforts
have primarily focused on the protection and regton of natural physical processes and habitat
known to benefit federally protected aquatic speaiewell as water quality.



Study Area
Point Reyes National Seashore (PORE)

Olema Creek

Olema Creek is the largest undammed tributary gub#tas Creek. The 14.5 square mile
watershed flows north through the Olema Valley,lémelward expression of the San Andreas
Fault Zone. Its confluence with Lagunitas Creek héthe head of Tomales Bay. The watershed
supports viable populations of coho salmon, stegllieout, and California red-legged frogs. The
California freshwater shrimp has been documentédarwatershed intermittently. Because of
its significance both as habitat for T&E specie®] a source of pollutant loading to Tomales
Bay, Olema Creek is the subject of extensive manigahrough both this water quality program
and the SFAN fisheries monitoring program.

Hydrologic monitoring in Olema Creek began in 1986h the installation of a hydrologic
monitoring station at the Bear Valley Road Bridgéater quality monitoring within the Olema
Creek watershed has been conducted since 1998erigis monitoring, focused on coho salmon,
has been conducted in the Olema Creek watersheel $894-95.

Currently, 35 percent of the Olema Creek waterse@tanaged for beef cattle grazing. Two
horse concessions operations, Stewart Horse Siall€&ive Brooks Horse Stable are located in
the central portion of the watershed. Because shpport anadromous species of fish, the
drainages monitored within the Olema Creek watersiuld all meet the cold freshwater
habitat beneficial use objectives as defined byShe Francisco Bay RWQCB.

Within the Olema Creek watershed, perennial flovsis¢s from Five Brooks north in the
mainstem and all tributaries off of Inverness Riddeibutaries originating on Bolinas Ridge (to
the east) are perennial to ephemeral. Sevepait#nies flow into Olema Creek including (from
south to north): Randall Gulch, John West Fork,c@mini Gulch, Davis-Bucher Creek, Quarry
Gulch, and Vedanta Creek.

Six primary and two secondary sampling sites atbegength of the watershed, including four
mainstem sites, and four tributaries were seleasegart of the SFAN Freshwater Quality
Monitoring Program (Table 1). The secondary sitesnaonitored through the PORE Pastoral
Water Quality Monitoring Program; core parametersd eoliform bacteria samples are collected.



Table 1. Olema Creek watershed monitoring station locations (upstream to downstream) — See Figure 2.

Station Type Flow Site Description
regime
OLM 18 Primary Intermittent ~ Olema Creek upstream of Randall Gulch
OLM 1 Primary Intermittent  John West Fork (tributary) — just upstream of Highway 1
OLM 2 Secondary Intermittent  Giacomini Gulch (tributary) - just upstream of Highway 1
OLM 14 Primary Perennial Olema Creek at Five Brooks bridge
OLM 6A Primary Perennial Davis-Bucher Creek (tributary) - upstream of trail crossing (a
“reference” stream which flows out of an area with minimal
human impacts/alterations)
OLM 4 Secondary Intermittent  Quarry Gulch (tributary) - near confluence with Olema Creek
OLM 11 Primary Perennial Olema Creek at Bear Valley Road bridge
OLM 10B Primary Perennial Olema Creek adjacent to Olema Marsh
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Figure 2 . Olema Creek watershed and Pine Gulch Creek watershed water quality monitoring stations.



Pine Gulch Creek

The approximately 7.5 square mile watershed fe@us Gulch Creek which flows parallel to
Olema Creek for approximately two miles at the beut end of the Olema Valley (Figure 2).
The San Andreas Fault separates the two creeksPivie Gulch Creek flowing south into
Bolinas Lagoon. Much of the downstream portionhaf treek, including one of the monitoring
sites (PNG 1), is located on private lands. PinElGCGreek supports a viable population of
steelhead trout and an intermittent populationadifocsalmon, which are the subject of SFAN
fisheries monitoring. No coho salmon were obseimeine Gulch Creek in 2007 (Del Real et
al. 2007). Because it supports anadromous spetfeshpthe Pine Gulch Creek watershed
should meet the cold freshwater habitat criteridefgred by the San Francisco Bay Regional
Water Quality Control Board (RWQCB). Three watealiy monitoring stations are located
throughout the watershed; all stations are locatethe mainstem of Pine Gulch Creek (Table
2).

Table 2. Pine Gulch watershed monitoring station locations (upstream to downstream) — See Figure 2

Station Site type Flow regime Site Description

Pine Gulch Creek near Texiera Ranch at Olema Valley
Trail crossing

PNG 2 Primary Perennial Pine Gulch Creek, downstream of Dogtown

Pine Gulch Creek downstream of Olema-Bolinas Road,
adjacent to Gospel Flats organic farm

PNG 3 Primary Perennial

PNG 1 Primary Perennial




Golden Gate National Recreation Area (GOGA)

Rodeo Creek

Rodeo Creek empties into Rodeo Lagoon at RodeolBé&act Cronkhite (GOGA). The
approximately 4.4 square mile watershed is locatélde southernmost portion of the Marin
Headlands (Figure 3). The lagoon is infrequentiyrected with the ocean and is not commonly
affected by tidal influence. The Rodeo Creek hedersaare located entirely within GOGA lands
in the Marin Headlands. Rodeo Creek is perenmaludes a North Fork and South Fork, and is
fed by Gerbode Creek and several small, unnamiegtarnies. Developments in the area with
potential affects on water quality include: parkubimg, a horse stable operation, and the offices
and buildings of Ft. Cronkhite. Water quality mamihg has been conducted on Rodeo Creek as
part of the GOGA stables monitoring since 1999.

Three sampling sites were selected in this watersia® primary sites and a secondary site
above the influence of park developments (Table 3).

Table 3. Rodeo Creek watershed monitoring station locations - see Figure 3.

Station Flow regime  Site Description

Downstream of stables and approximately 420 meters

RC1 Primary Perennial upstream of the confluence with Gerbode Creek

. . Upstream of the Miwok trail bridge, approximately 300 m
GERB 1 Primary Perennial upstream of the confluence with Rodeo Creek
RC 2 Secondary Perennial Upstream of the stable, approximately 1 mile upstream of

RC1
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Figure 3. Rodeo Creek watershed and Tennessee Valley Creek watershed monitoring stations.
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Tennessee Valley Creek

The Tennessee Valley Creek watershed, which isoappately 2.4 square miles, is located in
the valley north of Rodeo Valley and south of Redd/@€reek. Its headwaters are located
entirely within GOGA lands. It flows northeastdouthwest and empties into the Pacific Ocean
at Tennessee Cove. Developments in the waterskkdle a day-use parking lot and a horse-
stable operation at the headwaters of the watershed

Three sampling sites are located in this waterstanl primary sites, TV2 and TV3, and a
secondary site, TV 1 (Table 4).

Table 4. Tennessee Valley Creek watershed monitoring station locations (upstream to downstream) - see
Figure 3.

Station Flow regime Site Description
TV1 Secondary Intermittent Above Miwok horse stables - frequently dry
. , Below Miwok horse stables and upstream of confluence with
TV 2 Primary Intermittent !
Haypress tributary
TV 3 Primary Perennial Slightly downstream of the confluence with the Backdoor

tributary

Oakwood Valley and Nyhan Creeks

Oakwood Valley Creek flows near the eastern boyndaGOGA lands in a watershed adjacent
to the Tennessee Valley Creek watershed (Figurblyhan Creek flows on the opposite side of
the drainage divide from Tennessee Valley. Oakwdaltey Creek flows north and east on
GOGA lands until it joins Nyhan Creek just outstle park boundary. Nyhan Creek (an
approximately 2 square mile watershed) then floas anto Coyote Creek and then into
Richardson Bay.

NYH 1 and OAK 1 are secondary sampling sites foiG&(QTable 5). Because of the proximity
to the primary monitoring stations these sites wesied on days when Tennessee Valley and
Rodeo Creek watersheds were monitored. These sagosites represent park lands draining to
Richardson Bay, where the RWQCB is completing a TM@ pathogens. The sampling
location for each creek is just upstream of theirfluence, adjacent to Tennessee Valley Road.
Both of these sites have intermittent flow and waamitored for core parameters (temperature,
conductivity, dissolved oxygen and pH), dischaaye] coliform bacteria (total coliform arhd

coli) during monthly sampling visits. Because thesesamondary sites, no nutrient samples
were collected.

Table 5. Nyhan Creek and Oakwood Creek monitoring station locations - see Figure 4.

Station Flow regime  Site Description

Adjacent to Tennessee Valley Road. 50 m upstream of
the confluence with Oakwood Creek

Adjacent to Tennessee Valley Road. 50 m upstream of
the confluence with Nyhan Creek

NYH 1 Secondary Intermittent

OAK 1 Secondary Intermittent

11
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Figure 4 . Oakwood Creek and Nyhan Creek water quality monitoring stations.
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Pinnacles National Monument (PINN)

Chalone Creek

Ninety-five percent of Pinnacles National Monumisnbcated within the Chalone Creek
watershed. However, most of the Chalone Creek hatsvare located outside the park
boundary. The drainage area of Chalone Creekl@avies the park is approximately 70 square
miles. The portion of the creek within the parlbraided and intermittent, flowing for
approximately five months out of the year. Everlfydhe watershed drains into the Salinas
River to the southwest of the monument.

Tributaries to Chalone Creek include the West Fdr€halone Creek, Bear Gulch, McCabe
Canyon, and Sandy Creek (Figure 5). These streahthrough the Pinnacles rock formations
and played a role in the formation of a cave comfdeind in the monument. Sandy Creek
drains from the east entrance of the park and flaewsg Hwy. 146 before its confluence with
Chalone Creek near the Pinnacles campground.

Eight sampling sites were selected within the ChalGreek watershed, including five primary
sites, and three secondary sites (Table 6). Altesges have intermittent flow.

Table 6. Chalone Creek watershed monitoring station locations — see Figure 5.

Station Flow regime Site Description

CHA3 Secondary Intermittent Approx. 1 mile upstream of the Bear Gulch confluence

CHA 2 Primary Intermittent Above the Chalone Creek bridge and upstream of the Bear Gulch
confluence

CHA 1 Primary Intermittent Chalone Creek, 0.4 miles downstream of the Sandy Creek
confluence at the Monument boundary

BG 2 Primary Intermittent On Bear Gulch, downstream of the visitor center

SC3 Secondary Intermittent Sandy Creek near the campground dumpstation

SC2 Secondary Intermittent Unnamed tributary to Sandy Creek

. . The furthest downstream site on Sandy Creek, 0.5 miles below the

SC1 Primary Intermittent .
confluence with McCabe Canyon

MC 1 Primary Intermittent On McCabe Canyon, just upstream of the confluence with Sandy

Creek
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John Muir National Historic Site (JOMU)

Franklin Creek

The five square mile Franklin Creek watershed st intermittent stream that flows
through the site just west of the John Muir housgure 6). It flows generally eastward from the
hills overlooking Martinez and joins Alhambra Crgekso referred to as Arroyo del Hambre)
just downstream of the property. There was not m@tality monitoring at this site before the
2004 pilot sampling to develop the SFAN Freshw@teality Protocol. In August 2003 a staff
plate and data-logging water level monitor werealasd in Franklin Creek, just upstream of the
creek’s exit of the property. Water level data awms to be collected by NPS staff. Steelhead
trout have been identified in Franklin Creek, altgb the reach of the creek through JOMU is
not good habitat for salmonids.

Because only approximately 150 meters of Frankhiee® are on NPS property, a single water
guality site is monitored for core parameters (terafure, conductivity, dissolved oxygen and
pH), discharge, coliform bacteria (total colifordeE. coli), and nutrient parameters (nitrate,
ammonia and total Kjeldahl nitrogen) (Table 7).

Table 7. Franklin Creek watershed monitoring station location — see Figure 6.

Station Flow regime  Site Descript ion

At the bridge within JOMU, approximately 300 feet

FRAL Primary Intermittent downstream of the tunnel that runs under State Highway 4

Strentzel Creek

Approximately half of the Strentzel Creek watersielbcated within JOMU property. An
extensive geomorphology study took place in 200 whdentified significant erosion and
sedimentation issues in the watershed; these issaesmanagement priority for JOMU (Moore
et al. in draft 2008). Five secondary monitorirgtishs have been identified within the
watershed which will be monitored for sediment #melcore parameters during storm events
when possible. It was not possible to sample &n®tel Creek during the 2007 water year
because very few storm events occurred.

15



Monitoring Sites
| B Frimary site
!

" Secondary Site
1 somu Boundary

FILE! JINPPOREDT/GIS/G I8/ projeotad Avater g uslity/'SEAN WQ maps/SFAN_W2_FRA md

Figure 6. Franklin Creek and Strentzel Creek watershed water quality monitoring locations.
Strentzel Creek not monitored in WY 2007.
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Methods

Water Quality Criteria

The Clean Water Act mandates the establishmenttérvguality standards to preserve and
protect surface water quality in the U.S. indivibsiates while tribes establish criteria to protect
designated beneficial uses. In California, throBglsin Plans, the Regional Water Quality
Control Boards (RWQCB) have set “numerical andatare objectives for surface waters”
(Tables 8, 9, 10, and 11) (California Regional W&s&ality Control Board San Francisco Bay
Region 2007, California Regional Water Quality GohBoard Central Coast Region 1994). The
RWQCB numeric objectives for bacteria are basethemational criteria established by the US
Environmental Protection Agency (US EPA) (1986)e Basin Plans also outline the beneficial
uses assigned to each stream that is a signifscafeice water feature. Many states or agencies
commonly refer to established water quality “staddaor “criteria”; this report will refer to

water quality “objectives” as stated in the BasianB. Although the San Francisco Bay RWQCB
has identified some nutrients as impairments to dlemBay, the region has not established an
objective for any nutrients except un-ionized ammon

Table 8. Numerical objectives for physical parameters in surface waters from the San Francisco Bay
Region Basin Plan (2007).

Parameter Water Quality Object ive

Dissolved Oxygen (non-tidal waters) Cold water habitat 7.0 mg/L minimum
Warm water habitat 5.0 mg/L minimum

pH Less than 8.5 and greater than 6.5

Un-ionized ammonia (as N) Annual Median 0.025 mg/L

Maximum Central Bay 0.16 mg/L
Maximum Lower Bay 0.4 mg/L

Table 9. Numerical objectives for physical parameters for inland surface waters from the Central Coast
Region Basin Plan (1994).

Parameter Water Quality Objective

Dissolved Oxygen Inland waters general objective - 5.0 mg/L minimum

Waters not mentioned by a specific beneficial use - less than 8.5
and greater than 7.0

Un-ionized ammonia (as N) Annual Median 0.025 mg/L as N

pH

Table 10. General numeric objectives for bacteria parameters in surface waters from the San Francisco
Bay Region Basin Plan (2007) and Central Coast Region Basin Plan (1994).

Beneficial Use Fecal Coliform (MPN/100mL) Total Coliform (MPN/100mL)
Contact recreation Lo% mean < 200 ° Median < 240
(REC1) 90" percentile < 400 b No sample > 10,000
Non-contact Mean < 2000
recreation (REC2) 90" percentile < 4000
Shellfish harvesting Median < 14 @ Median < 70

90" percentile < 43 b 90" percentile < 230

@Based on a minimum of five consecutive samplesigapaced over a 30-day period.
P No more than 10 percent of total samples during3hgay period may exceed this number.
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Table 11. Additional Water Quality Criteria for bacteria for Contact Recreation (REC 1) from the San
Francisco Bay Region Basin Plan (2007) and Central Coast Region Basin Plan (1994).

Marine Water Fresh Water
Total Coliform
Single Day Sample 10,000 10,000
30 Day Average 1,000 1,000
E. coli
Single Day Sample 235 235
30 Day Average 126 126
Enterococcus
Single Day Sample 104 61
30 Day Average 35 33
Fecal coliform
Single Day Average 400 400
30 Day Average 200 200

Clean Water Act Section 303d Listed Waters

Water bodies within and adjacent to NPS lands Iheen listed under Section 303(d) for not
meeting defined beneficial uses. With the statihadead in development of TMDLS, the NPS is
participating as an active stakeholder, along witter stakeholders, to support development and
implementation of water quality monitoring and emtement efforts to address water quality
pollution issues.

The San Francisco Bay RWQCB recently completedtadgens Total Maximum Daily Load
(TMDL) project plan for the Tomales Bay Watersh€al{fornia Regional Water Quality
Control Board 2007). Within the Tomales Bay watersithe TMDL set forth water quality
targets for the Bay and its tributaries, including:

e Zero discharge of human waste
* Tomales Bay Shellfish Harvest Closure <30 daysypar
» Coliform Bacteria Levels (in MPN/100 ml)
o Tomales Bay
» Median < 14 and 90percentile < 43
o Tomales Bay Tributaries (Walker Creek, LagunitaseRr Olema Creek)
= Log mean < 200 and 8(ercentile < 400

As part of the TMDL development process, the NR&psed a monitoring regime for Olema
Creek that would be conducted in conjunction witieo stakeholders and the RWQCB for
compliance with the approved TMDL. This includesntiy monitoring as well as intensive
weekly monitoring for five consecutive weeks durthg winter rainy season.

Tomales Bay (PORE/GOGA) and its tributaries (Latas)Creek and Walker Creek) as are also
303(d) listed for sediment and nutrients (Table I2paddition, Tomales Bay and Walker Creek
are also 303(d) listed for mercury. The San FsoucBay RWQCB is in the process of
developing a TMDL for mercury within Walker Creednd has yet to initiate TMDL
development for sediment or nutrients in Tomalew/ Bagunitas Creek/Walker Creek (Table
13). In anticipation of these pending TMDL progdhe NPS worked with the USGS-Water
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Resources Division through the NPS competitive igpamgram to conduct a three-year
investigation on sediment issues in Lagunitas amtkeé¥ Creek. This investigation (Curtis
2008) provides baseline sediment information fok3$3mnonitored stations in these watersheds.

Table 12. Proposed 2006 CWA Section 303(d) list of water quality limited segments.
(California Regional Water Quality Control Board — San Francisco Bay Region 2006)4.

Waterbody (Watershed) Park Unit Pollutant

Coyote Creek (Richardson Bay) GOGA Diazinon

Lagunitas Creek (Tomales Bay) PORE, GOGA Sediment, Nutrients

Richardson Bay® GOGA High Coliform, Mercury, PCBs,
Pesticides, Exotic Species

San Francisco Bay GOGA, PRES PCBs, Nickel, Pesticides, Exotic
Species, Dioxin, Selenium

San Francisco Bay Urban Creeks GOGA Diazinon

San Francisquito Creek GOGA Diazinon, Sediment

San Pedro Creek (Pacific Ocean) GOGA High Coliform

Tomales Bay PORE, GOGA Sediment, Nutrients, Mercury

Table 13. Completed San Francisco Bay area TMDL projects (California Regional Water Quality Control

Board — San Francisco Bay Region 2007)

Water body (Watershed) Park Unit Pollutant
San Francisco Bay GOGA, PRES Mercury
Tomales Bay PORE, GOGA Pathogens
Walker Creek® GOGA Mercury

* Main TMDL page - http://www.waterboards.ca.govfsanciscobay/tmdimain.shtml

® San Francisco Bay PCBs and Richardson Bay patsaggreduled for completion June 2008

® January 23, 2007, the San Francisco Bay Regiomat#Board adopted a Basin Plan amendment incdipgra
TMDL for mercury in the Walker Creek and SoulajReservoir watersheds. The State Water Board wilsicter

the amendment for approval at a later date.
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Site Selection

SFAN watersheds were identified in t8&n Francisco Bay Area Network Preliminary Water
Quality Satus Report (Cooprider, 2004). Monitoring locations were si&del based upon Water
Resources Division recommended priority criteriaG@ategory 1 and Category 2 watersheds, as
well as review by park staff as outlined by thedhrgater Work Group Subcommittee (NPS
2002). Category 1 waters included Section 303ddistreams and significant water bodies (in
the case of the SFAN, this would include Areaséal Biological Significance (ASBS).
Category 2 water bodies were those that 1) hadledtad threats, 2) were subject to ecological
impairment, 3) lacked baseline data or 4) weredthto another Vital Sign having water column
measurement needs.

Co-locating water quality sites with past or cutrésh or macroinvertebrate monitoring sites
helps ensure data linkages. Examples of how thiglme employed include presence of a stream
gauge or other permanent hydrologic monitoring opent (linkage to freshwater dynamics
vital sign), and linkage to other aquatic vitalrsge.g., stream fish assemblages or freshwater
dynamics). Selected monitoring sites representtmfrom all areas of the watershed (i.e., all
major tributaries), capture the most downstreamwithin NPS property, and are accessible.

When possible all sites within a given watershedevgampled on the same day and at the same
time for each monthly sampling event in order toitidiurnal variation. Sampling began at the
furthest upstream site and progressed downstream.

Sample Regime

The sampling design for the SFAN Freshwater Quadibyitoring Program involves a rotating
basin approach in which each watershed is monitimred two-year period. This approach
allows the SFAN to collect sufficient samples fack site and watershed to perform statistical
analyses, while allowing for sufficient funds tarfoem laboratory analyses and provide
representative data for each site. There are tets™®f basins in this design, meaning that every
four years, each site, and watershed group wileremninimum two years monitoring data
available for analysis. This design should allow dietection of both short- and long-term trends
in the watersheds. Tablel provides the water-quality monitoring schedoleSFAN freshwater
resources. This schedule proved to be manageattieefdirst year of program implementation.
Where annual monitoring is mandated by a state TNRlject (currently the Olema Creek
watershed) monitoring will continue every year tioe TMDL target parameter. Secondary sites
in the Olema Creek watershed were not monitorethg FAN | & M sampling. However, they
were visited monthly as part of a separate POREneatality monitoring project. Occasionally,
streams did not have enough water to collect waality data or samples.

This report includes results from October 1, 2@D&¢pt 30, 2007 (WY 2007), the first year of
protocol implementation. The monitoring schedulésdar the monitoring of nine priority
watersheds during the first two years of protoogblementation. Alternate watersheds will be
monitored during the following two years, 2009-20dth the exception of the Olema Creek
watershed which will be monitored every year. Mbn#ite visits were made to each priority
watershed with the exception of the Strentzel Creatershed which was not monitored during
the 2007 water year due to insufficient storm eseAtthough the monitoring schedule states
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that monitoring will occur during one storm evemtseveral of the watersheds, storm monitoring
did not occur during the 2007 water year due tddhk of storm events.

Table 14. San Francisco Bay Area Network monitoring schedule.
M=monthly, S=during at least one storm event, W=5 consecutive weeks as required by RWQCB TMDL.

WY 2007 & WY 2009 & Number of Monitoring

Stream Park Unit 2008 2010 Sites

Olema Creek PORE M, S, W M, S, W 6 Primary / 2 Alternate
Franklin Creek JOMU M 1 Primary

Pine Gulch PORE M 3 Primary

Strentzel Creek JOMU S No Primary / 5 Alternate
Chalone Creek PINN M, S 5 Primary / 3 Alternate
Rodeo Creek GOGA M, S 2 Primary / 1 Alternate
Tennessee Creek GOGA M, S 2 Primary / 1 Alternate
Nyhan Creek GOGA M, S No Primary / 1 Alternate
Oakwood Creek GOGA M, S No Primary / 1 Alternate
West Union Creek GOGA M 2 Primary / 3 Alternate
Lagunitas Creek PORE/GOGA M 3 Primary

Lower Redwood GOGA/MUWO M, S 7 Primary / 3 Alternate
gfgeekr Redwood GOGA/MUWO M 2 Primary / 1 Alternate

Sample Parameters

The NPS Inventory and Monitoring Program callsrigquired monitoring of all basic “Level 1”
Water Quality Parameters. Required “Level 1” paramseinclude: flow, pH, specific
conductance, dissolved oxygen, and temperature @0B3). Tablel5 shows the parameters of
interest for SFAN priority streams that were caketcfrom all primary sites. Conductivity, the
ability of a solution to pass an electric curréstan indicator of the presence of dissolved solids
and can be influenced by the geology of an areeefisas urban runoff. Ideally, streams should
have conductivity between 150 to 500 uS/cm to sappeerse aquatic life (Behar 1997).
Conductivity varies across water temperatures; Bp@onductance is conductivity adjusted to
25 C. Results are commonly reported as specifidectiance in order to compare results across
stations or sampling times with varied water terapees.

Monthly site visits included the measurement okeqoarameters as well as the collection of a
grab sample. Instantaneous measurements and gngltesavere collected in the centroid of
flow. Samples were analyzed for nutrients: nitratamonia, and total kjeldahl nitrogen (TKN),
and bacteria: total coliform artfl coli as well as fecal coliform in the Olema Creek w&tied.
TKN is a measure of organic nitrogen and ammontdridht samples were processed at a
private laboratory, Analytical Sciences. Tabtlists the processing methods used for all
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parameters. Ammonia was analyzed using standardoa&500-NH3 with a detection limit of
0.20 mg/L; nitrate was analyzed using EPA methdal\8idh a detection limit of 0.10 mg/L; and
TKN was analyzed using standard method 4500-NowngtiCa detection limit of 0.25 mg/L.
Ammonia results above the detection level, seep ionChalone Creek, were converted to un-
ionized ammonia to determine whether the resulksvithin the criteria established by the
Regional Water Quality Control Boards.

Bacteria samples were processed using several deethotal coliform and E.coli bacteria were
processed by the private laboratory through A@02 Through the SFAN program, equipment
to operate the Idexx Quantitray system was instatehe Pacific Coast Science and Learning
Center (PCSLC) in Point Reyes National Seashodamuary 2007. The Idexx system operated
by NPS staff at the PCSLC is the same system ugéahdlytical Sciences, but the cost is $8 per
sample rather than $40. For quality assurance antiat purposes, samples were processed by
both Analytical Sciences and NPS staff during FatyruMarch, and April 2007. Fecal coliform
samples, collected only for the Olema Creek wagztstvere always processed at a private
laboratory, Test America, using the EPA multi-tubethod 9221-E. Table7 shows the timing
and methods used for the processing of bacteripleanirhe acquisition of the ldexx system
allowed for affordable analysis of bacteria samjfilesn several of the secondary water quality
sites, such as Nyhan and Oakwood creeks, in adduithe primary sites.

Table 15. SFAN water quality monitoring parameters.

Parameter Groups Parameters Collected

Core Water Temperature, Specific Conductance; Dissolved Oxygen, pH

Bacteria Total Coliforms; E. coli

Sediment Turbidity; Total Suspended Sediment (TSS); Suspended Sediment Conc. (SSC)
Nutrients Total Kjeldahl Nitrogen; Nitrate; Ammonia

Discharge Flow velocity and stream cross-sectional area

Table 16. Water quality parameter collection and laboratory methods.

Parameter Method

Core parameters Instantaneous reading taken with a YSI 85 and Oakton pH meter in the
centroid of flow

Total coliform bacteria Enzyme Substrate Coliform Test: 9223B Enzyme Substrate Test using colilert

E. coli bacteria Enzyme substrate coliform test: 9223B enzyme substrate test using colilert

Fecal coliform bacteria Total coliform by multiple tube fermentation: 9221B

Ammonia SM 4500-NH3

Nitrate EPA method 300

TKN SM 4500-Norg C

Discharge Following USGS Measurement of Stream Discharge by Wading (Rantz 1982)

using Marsh-McBirney Flowmate or Swoffer or Pygmy propeller
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Table 17. SFAN bacteria processing methods and schedule.

Parameter — location and method Olema Creek All other
watershed watersheds

Fecal Coliform — Multi-tube 10/06 - 4/07 None

E. coli — Analytical Sciences by Idexx Quantitray  None 11/06 — 4/07

E. coli — NPS staff by Idexx Quantitray 1/07-9/07 2/07-9/07

Total coliform — Test America by multitube 3/07

Total coliform — Analytical Sciences by Idexx none 11/06 - 4/07

Quantitray

Total coliform — NPS staff by Idexx Quantitray 1/07-9/07 2/07-9/07

All water quality sampling followed the methodsdaiut in the SFAN Freshwater Quality
Protocol (Cooprider and Carson 2006). Core paramat@surements were taken using a YSI-85
multi-parameter instrument and Oakton pH metercltasge measurements were taken using a
Marsh-McBirney Flowmate flowmeter, Swoffer currenméter, or Pygmy current meter.

Data Handling and Analysis

All data was entered in NPStoret, the databasderteand provided by the National Park Service
Water Resources Division. All analysis was perfaitraad graphs were created using the
utilities within NPStoret. Summary statistics areypded for all sites, but it should be noted that
the minimum and maximum values for the nutrienbpaaters are the values observed for those
results above the detection limit. The true minimaioserved value for nutrients at most stations
was <0.10 mg/L for ammonia and nitrate or <0.25Lrigf TKN. Ammonia and nitrate data

were reported from the laboratory as ammonia (aand)nitrate (as N) for PINN and as NH

and NQ for all other watersheds. Results were convedeahimonia (as N) and nitrate (as N)
for reporting consistency. Stations with fewer tiiae results, such as CHA 1 and CHA 2 from
PINN were considered to have a data set too swradlrfalysis and are not included in the graphs
(US EPA 1998).

The Quantitray method of bacteria analysis requhrasdilutions of the samples be used in order
to obtain results above 2419 MPN/100 mL, the qfiaation limit for undiluted samples.
Commonly, 10X or 100X dilutions will be used fomgales which are known to have high levels
of bacteria. However, as 2007 was the first yeaaofpling, the correct dilution was not always
used for each sample. Occasionally, there werédolidorm results which were above the
maximum quantification limit (MQL) because the ditun was not high enough. In those
instances, a value equal to the MQL, commonly 2,%4&% utilized when computing the mean,
median, and percentiles for all box and whiskeephs. The bacteria results summary tables
show the number of samples collected as well astih@ber of total coliform samples which
were greater than the quantification limit. Allcoli results fell within the quantification limit.

Summary core parameter results are based on iasamis measurements which do not reflect
the diurnal variation seen in these watersheds iBhparticularly true for water temperature
which was most often measured during the earlyradtn hours; therefore the summary tables
presented do not reflect the true minimum and marintemperatures that might occur
throughout the day or evening.
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Quality Control

Field equipment was calibrated daily before sangpliforpH meters, a three-point calibration
was performed. Calibration of the YSI 85 dissolesgigen probe was performed at each site by
entering the approximate altitude of the site lmeatvhile the probe was in the storage
container, which is assumed to be at 100 percémtageon. Daily calibration of the YSI 85
specific conductance is not recommended by the faaturer. The specific conductance was
cross-checked against a reference calibration alilgrated when the measurements were more
than 5 uS/cm outside the value of the referenagisol Calibration and cross-checks were
documented.

In order to assess precision, duplicate measuramare made for field measurements and a
duplicate grab sample was taken for nutrient arutidbiaa parameters. At least one duplicate or
10 percent of the day’s samples was collected graping event. One field blank was collected
and submitted for laboratory analysis during eachpding day in order to assess possible
contamination. Laboratory quality control measunetuded matrix spikes, method blanks, and
calibration standards. There were no personnelggsaduring the 2007 water year. Data was
entered into NPStoret by one staff and verifiecbyalternate staff person.

Fecal coliform samples, collected only for the Cde@reek watershed, were always processed at
the private laboratory. Table/ shows the timing and methods used for the psiog®f

bacteria samples. For quality assurance and cgmirpbsesk. coli and total coliform samples
were processed by both Analytical Sciences and N&$®during February, March, and April
2007.

Precision

As stated in the SFAN freshwater quality monitonongtocol quality assurance project plan a
minimum of one field sample per set of samples stibchto the laboratory was processed and
analyzed in duplicate to determine precision. Tleasarement quality objective (MQO) for
nitrate (as N), TKN, and ammonia (as N) is +/-3€cpat relative percent difference (RPD). The
precision MQO for total and fecal coliforms is 4J-percent RPD. An MQO was not established
for E. coli, but can be assumed to be the same as totalrooifo

Only one of 63 nitrate (as N) samples failed to htlee MQO. The nitrate (as N) samples had a
mean precision of 5.34 percent (Table 18). Theigiat of the ammonia (as N) samples was not
assessed as there were no duplicated ammonia Saatyaee the laboratory detection limit. All
the TKN samples met the MQO and had a mean precigi®5.21 percent.

As previously stated, the bacteria samples weregssed at Analytical Sciences for a portion of
the year, then processed with the Quantitray mellyos8IFAN staff for the remainder of the year
at the SFAN lab. Of the samples processed at Ainalysciences, four of 2E. coli samples

failed to meet the MQO; the samples had a meanspwaf 36 percent. All of the total

coliform samples met the MQO and had a mean poecis 25 percent. The precision for the
Quantitray samples handled at the SFAN lab wasttjigvorse, although the sample set was
larger. At the SFAN lab, five of 3B. coli samples failed to meet the MQO; the mean precision
was 36 percent. Nine of 33 total coliform samphaketl to meet the MQO; the mean precision
was 39 percent.
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Table 18. Precision of SFAN nutrient and bacteria samples.

Nitrate TKN Total Total E. Coli E. Coli
(as N) Coliform Coliform (Analytical  (SFAN Lab)
(Analytical (SFAN lab) Sciences)
Sciences)
# of Samples 39 51 27 33 27 33
Percent of samples
failed to meet MQO 3 0 0 21 15 15
Mean Precision
(Relative Percent 5.34 15.21 25 39 36 36

Difference)
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Results

Descriptive statistics for freshwater quality moning for WY 2007 are presented below. The
data summarized in this report are available favrdoad from the US EPA’s STORET Data
Warehouse (http://www.epa.gov/storet/dw_home.htRésults are organized by NPS unit and
watershed. Box and whiskers plots show the fiestpad (median), and third quartiles and the
10" and 98" percentiles. Far outliers are any results grehter three times the interquartile
range, and are also shown on the plots.

Point Reyes National Seashore (PORE)

Olema Creek

As part of the I1&M monitoring efforts in WY 2007rimary monitoring stations were sampled in
Olema Creek. A total of 15 visits were made to esitthduring the 2007 water year. The sites
were visited monthly starting in November 2006. Aidaally, as required by the San Francisco
Bay RWQCB, the sites were visited once weekly fee tonsecutive weeks during the winter in
order to determine the mean fecal coliform loa@dmales Bay. During those sampling events,
core parameters were measured and samples weyzeth&br fecal coliform bacteria. Nutrient
samples were not collected.

Water year 2007 was drier than the 30-year mowmsgage with 29.38 inches recorded at the
Bear Valley headquarters area compared to a 30nyewing average of 37.24 inches (Figidje

Bear Valley Cumulative Rainfall - WY 2007
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Figure 7. Cumulative rainfall at Bear Valley headquarters near monitoring station OLM 11.

27



Core parameters analysis: Olema Creek and its tributaries are highly respa storm

events. The monitoring schedule did not overlagh wiany of these storm events.
Instantaneous discharge measurements were takieilg @ach monitoring site visit when there
was measurable flow. The maximum discharge medglureng a monitoring event, 20.81

cubic feet per second (cfs), was at OLM 10B, thehest downstream monitoring site, on March
6, 2007. It should be noted that a discharge measnt of 687 cfs was collected at Bear Valley
Road Bridge in February 2007; the peak discharg@éma Creek during WY 2007 was likely
higher than 687 cfs, but was not captured with asueement.

Measurements for pH fell within the water qualityjective of 6.5 to 8.5 established by the San
Francisco Bay RWQCB at four of the six monitorings (Table 19). At OLM 18, the furthest
upstream monitoring site, and OLM 1, below OLM @Bl was consistently below the water
quality objective (

Figure8). Both of these stations have intermittent flowjet likely influenced the pH results.
The 2007 mean pH of 6.36r OLM 18 was well below the 2001-2006 mean pHitfos site of
7.00. Additionally, the 2007 mean pH of 6.51 forl@[ was below the 1997-2006 mean of
7.23. It should be noted that two other sites, O1.Mand OLM 14, also had lower mean pH in
2007 than during 1999-2006, although the differemas not as large. Two other sites, OLM 6A
and OLM 10B had higher mean pH in 2007 than du?i®@3-2006. Monitoring equipment for
pH has changed throughout this time period and maag influenced the summary data.

Figure 9 shows a typical relationship for tempamand dissolved oxygen (at OLM 11). As
flow decreases and temperature rises in the sunthssglved oxygen decreases. Dissolved
oxygen levels frequently fell below the water gtyatibjective at OLM 18 and OLM 1 and fell
below the objective on one occasion at OLM 10B ({Fégl0). These sites, OLM 18 and OLM 1,
have intermittent flow, whereas the other sitethenwatershed have perennial flow. The low
dissolved oxygen at these sites may be attributeldet low or intermittent flow conditions
frequently seen at OLM 18 and OLM 1 as well asahe occasion, September 2007, at OLM
10B when the calculated discharge was 0.25 cfsldwest dissolved oxygen conditions at
OLM 18 and OLM 1 occurred during October and Noven006 and September 2007.

Water temperature results ranged from 5.2 °C duhagvinter months to 18.1 °C in the summer
months. Figure 5 shows the general temperaturd trach was observed at all sites. Low
temperature results were often outside the idewjedor rearing of juvenile coho salmon (Figure
11). This was not a concern as low results weremvies during the winter months which were
not during the peak rearing season and are nogttida cause stress to salmonids; throughout
the year water temperatures in Olema Creek mosh aiipport salmonids.

Specific conductance levels were between 87.8 aid’31S/cm; levels were generally higher

under low flow conditions and lower following améall event (Figure 12). Salinity levels in the
Olema watershed rarely fell outside the mean oppil
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Table 19

. Core parameter results for the Olema Ceek watershed — WY 2007.

# of Sp. Conductance (uS) Dissolved Oxygen (mg/l) pH H,0 Temp (°C)
Samples Min Max Min Max Min Max Min  Max
OLM 18 15 87.8 202.8 3.65 11.47 5.60 7.20 5.2 13.7
OoLM 1 15 97.8 219.1 4.21 11.28 6.12 7.49 6.0 14.5
OLM 14 15 113.4 316.3 7.18 12.36 7.02 8.17 6.3 15.1
OLM 6A 15 170.1 312.8 9.64 12.76 7.37 8.3 6.7 13.8
OLM 11 15 113.0 317.7 8.02 14.37 6.69 7.84 5.8 18.1
OLM 10B 15 132.9 306.2 5.97 14.11 6.83 7.88 5.8 16.0
Olema Creek Watershed - WY 2007
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Figure 8. Olema Creek Watershed pH results.
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Figure 9. Dissolved oxygen and instantaneous water temperature at OLM 11 — WY 2007.
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Figure 10. Olema Creek watershed dissolved oxygen results.
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Figure 11. Olema Creek watershed instantaneous water temperature results.
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Figure 12 . Olema Creek watershed specific conductance results.
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Nutrient analysis: Ammonia levels did not exceed the detection lim#rmy of the Olema Creek
watershed monitoring sites. TKN was above the dietetimit for 24 percent of the samples;
nitrate was detected in 79 percent of the sampesn nitrate and TKN levels were most often
below 0.30 mg/L and 1.0 mg/L respectively with aii&r detected more frequently than TKN
(Table 20). Figure 13 represents the temporal eaitinutrient loading in the Olema Creek
watershed, with higher levels detected in Januheyperiod of highest runoff, and lower levels
through the summer. There were not any significainfall events which preceded the higher
levels of nitrate seen at OLM 1 and OLM 14 durihg Nov 7 and Dec 5, 2006 sampling events.

Table 20. Olema Creek watershed nutrient results — WY 2007

# of Nitrat e as N (mg/L) TKN (mg/L) Ammonia as N
Samples No. of Detects Min / Max No. of Detects Min / Max (mg/L)
OLM 18 11 0.07/0.29 3 0.33/6.70 No Detections
OoLM 1 11 0.08/ 0.90 3 0.25/ 1.30 No Detections
OLM 14 11 0.14/ 0.50 2 0.26/ 1.70 No Detections
OLM 6A 11 11 0.17/ 0.36 1 0.44/ 0.44 No Detections
OLM 11 11 9 0.05/ 0.72 3 0.36/ 0.80 No Detections
OLM 10B 11 0.05/ 0.68 4 0.27/ 1.70 No Detections
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Figure 13. Olema Creek watershed nitrate results; results shown at the 0.03 mg/L detection limit were at
or below the laboratory detection limit.
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Bacteria analysis: A total of seven exceedences at four sites oEthwli contact recreation
criteria (235 MPN/100 mL per single day sample)evalbserved (Table 21, Figure 14). There
are multiple criteria for fecal coliform bacterMo single sample within a 30-day period may be
above 400 MPN/100 mL and the log mean of five consee weekly samples must be below
200 MPN/100 mL. There were no exceedences of ttréeeia during WY 2007 (Figure 15).
There were no observed exceedences of the US E&Arimdogical criteria for total coliform
bacteria (10,000 MPN/100 mL per single day samipléhe Olema Creek watershed (Table 21).

Table 21. Olema Creek watershed Fecal Coliform and E. coli bacteria results - WY 2007.

Fecal Coliform (MPN/100 ml) E. coli Bacteria (MPN/100 ml)
# of Min  Max Log 7 Exceedences # of Min  Max Exceedences
samples Mean samples
OLM 18 10 18 180 49 0 9 10 2400 1
OLM 1 10 7 110 27 0 9 3 180 0
OLM 14 10 11 300 39 0 9 10 1600 2
OLM 6A 10 4 50 20 0 9 <10 1300 2
OLM 11 10 14 140 61 0 9 41 910 2
OLM 10B 10 23 170 84 0 9 10 200 0
Table 22. Olema Creek watershed total coliform results — WY 2007.
Total Coliform Bacteria (MPN/100ml)

# of samples  # of samples > QL Min Max Exceedences
OLM 18 9 0 99 4400 0
oM 1 9 0 14 850 0
OLM 14 9 0 231 3300 0
OLM 6A 9 0 10 1300 0
OLM 11 9 0 61 3400 0
OLM 10B 9 0 160 2419 0

" Geometric mean of 5 weekly samples — 1/2/07 t¢02/6
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Figure 14. Olema Creek watershed E. coli bacteria results.
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Figure 15. Olema Creek watershed fecal coliform bacteria results.
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Pine Gulch Creek

Three sampling sites are located along the lenigtiheowatershed. A stream gaging station is
located at the furthest downstream site, PNG 1sidis are on the mainstem of Pine Gulch
Creek, have perennial flow and were monitored migritir the core parameters, discharge,
coliform bacteria (total coliform anf. coli) and nutrient parameters (nitrate, ammonia aral tot
Kjeldahl nitrogen).

Core parameter analysis: Eleven monitoring visits were made to each sitenguthe 2007

water year (Table 23). Sampling most often took@lhen streamflow was “normal” or “low”,
less than eight cfs (Figure 16). The highest irtata@pus discharge measurement during a water
guality monitoring visit was 13.35 cfs at PNG Ihaugh the maximum calculated discharge at
the gage was approximately 225 cfs, recorded ity €acember 2006. The instantaneous
discharge measurements taken during sampling eaentsot representative of the actual
minimum, mean, and maximum discharge seen at thtonimg sites.

The median pH for all sites was within the watealgy criteria; pH results fell below the lower
limit of 6.5 during a single sampling event at tafcthe sites in May 2007 (Figure 17). The mean
pH for all sites during WY 2007 was 7.02.

Water quality core parameter values varied littltighout the year. Dissolved oxygen fell
throughout the summer while water temperatures (feigeire 18). Values for dissolved oxygen
did not fall below 7 mg/L, the San Francisco Bag&RWQCB criteria (Figure 19).

Water temperature at all stations in the waterstasiconsistently within the optimal growth
temperature for juvenile coho salmon and did re# ebove 16.1° C (Figure 20).

Conductivity varied little throughout the year dmetween sites. The mean specific conductance
in the Pine Gulch watershed was 221.6 uS/cm (Figlye
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Figure 16. Mean daily discharge at monitoring station PNG 1.

Table 23. Pine Gulch watershed core parameter results — WY 2007.

# of Sp. Conductance (uS) Dissolved Oxygen (mg/l) pH H20 Temp ( ‘C)

Samples Min Max Min Max Min Max Min Max

PNG 1 11 157.8 268.6 7.84 10.72 551 7.29 9.3 16.1
PNG 2 11 145.2 259.2 8.68 11.18 6.3 7.47 9.5 16.0
PNG 3 11 155.9 247.0 8.66 11.91 6.69 7.31 7.3 15.1
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Figure 17. Pine Gulch watershed pH results.
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Figure 18. Dissolved oxygen and water temperature results at PNG 1.
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Figure 19. Pine Gulch Creek watershed dissolved oxygen results.
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Figure 20. Pine Gulch Creek watershed water temperature results.
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Figure 21. Pine Gulch Creek watershed specific conductance results.

Nutrient analysis: There were no detectable levels of ammonia in the Bulch Creek
watershed. TKN was above the laboratory reportdétection limit of 0.25 mg/L during 33
percent of the site visits and nitrate was detedtethg 100 percent of the visits. TKN levels
were highest at PNG 2 with a maximum of 5.0 mg/INmv 8, 2006, while nitrate levels were
highest at PNG 3 with a maximum of 0.50 on Jar0B,/Table 24). Figure 22 demonstrates the
higher levels of nitrate seen during periods ohbigflows such as the Jan 3, 2007 sampling
event as well as the trend towards higher niteatels at the furthest upstream site and lowest at
the furthest downstream site.

Table 24. Pine Gulch Creek watershed nutrient results — WY 2007.

# of Nitrate as N (mg/L) TKN (mg/L) Ammonia as N

Samples  No. of Detects Min/Mean/ Max No. of Detects  Min / Max (mg/L)
PNG 1 11 11 0.08/0.21/0.45 3 0.73/1.30 No Detections
PNG 2 11 11 0.15/0.22/0.36 3 1.20/5.00 No Detections
PNG 3 11 11 0.20/0.29/0.50 5 0.27/1.70 No Detections
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Figure 22. Pine Gulch Creek watershed nitrate (as N) results.

Bacteria analysis: There were no observed exceedences of the US E&Ariadogical criteria
for total coliform (10,000 MPN/100 mL per singleydsample) in the Pine Gulch Creek
watershed (Table 25). Of 33 total samples, 15 pereeceeded thE. coli criteria (Figure 23).

Table 25. Pine Gulch Creek watershed bacteria results — WY 2007.

Total Coliform (MPN/100 ml) E. coli Bacteria (MPN/100ml)
# of # of samples Min Max Exceedences Min Max Exceedences
samples > QL
PNG 1 11 0 160 2800 0 6 650 3
PNG 2 11 0 105 2000 0 7 350 2
PNG 3 11 1 34 >2419 0 7 120 0
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Figure 23. Pine Gulch Creek watershed E. coli bacteria results.
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Golden Gate National Recreation Area (GOGA)

Rodeo Creek

Three sampling sites were selected in this watersia® primary sites and a secondary site
above the influence of park developments. PrimaegsRC1 and GERB1, were monitored for
core parameters (temperature, conductivity, diggbtwygen and pH), discharge, coliform
bacteria (total coliform anH. coli), and nutrient parameters (nitrate, ammonia anN)TK

Core parameter analysis: Eleven monitoring visits were made to each prinstg in the

Rodeo Creek watershed (Table 26). The field da@etsHrom the September sampling event
were lost so there are 10 core parameter sampkdantaneous discharge during monitoring
visits ranged from 0.007 cfs to 2.27 cfs. Theneasan automated flow monitoring station in the
Rodeo Creek watershed. Flow was too low to ol#aiischarge measurement during one visit
at each site.

Measurements of pH fell below the water qualityeahive during 25 percent of the visits and
were lower at GERB 1 than RC 1 (Figure 24). Meann#s 6.55 at GERB 1 and 6.80 at RC 1.

Figure 25 demonstrates the trend of lower dissotveadien and higher water temperature results
observed throughout the summer.

Dissolved oxygen fell below the water quality oltjee at RC 1 during two visits, but results
were always above the objective at GERB 1 (Figéje 2

The mean water temperature was 11.21 °C at GERH 1@87 at RC 1 (Figure 27).

Specific conductance varied little with a maximuh261.1 pS/cm at RC 1 in November when
discharge was measured at 0.15 cfs (Figure 28kiffpeonductance decreased in December
and results were lowest in January. Salinity atweeprimary monitoring sites was always 0.1

ppt.

Table 26. Rodeo Creek watershed core parameter results.

# of Sp. Conductance (US) Dissolved Oxygen (mg/l) pH H20 Temp ( ‘'C)
Samples Min Max Min Max Min Max Min Max
RC1 10 149.7 251.1 5.53 13.36 6.35 7.46 6.1 13.9
GERB 1 10 117.3 208.3 7.82 13.81 6.27 6.78 8.5 16.5
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Rodeo Creek Watershed - WY 2007
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Figure 24 . Rodeo Creek watershed pH results.
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Figure 25. Rodeo Creek (RC1) dissolved oxygen and water temperature results.
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Figure 26. Rodeo Creek watershed dissolved oxygen results.
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Figure 27. Rodeo Creek watershed water temperature results.
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Figure 28. Rodeo Creek watershed specific conductance results.

Nutrient analysis: There were no ammonia detections in the Rodeo Gresdrshed (Table 26).
TKN was detected 23 percent of the time and nitnate detected during 14 percent of the visits.
The highest levels of nitrate were observed dutfiregDec 28, 2006 sampling event (Figure 29).

Table 27. Rodeo Creek watershed nutrient results.

# of Nitrate as N (mg/L) TKN (mg/L) Ammonia as N

Samples No. of Detections Min / Max No. of Detections Min / Max (mg/L)
RC1 11 2 0.11/0.45 3 0.73/1.30 No Detections
GERB 1 11 1 0.15/0.36 2 1.20/5.00 No Detections
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Figure 29. Rodeo Creek watershed nitrate (as N) results; results shown at the 0.03 mg/L detection limit
were reported as “non-detect”.

Bacteria analysis: Total coliform anck. coli bacteria levels were consistently below the US
EPA contact recreation water quality criteria (F&30). There was one exceedence oB&he
coli criteria at each monitoring site and no totalfooin exceedences (Table 28).
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Figure 30. Rodeo Creek watershed E. coli bacteria.

Table 28. Rodeo Creek watershed bacteria results.

Total Coliform (MPN/100 ml)

E. coli Bacteria (MPN/100ml)

#of # of samples Min Max Exceedences Min Max Exceedences
samples > QL
RC1 11 0 169 2400 0 11 1100 1
GERB 1 11 2 85 >2400 0 7 2400 1
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Tennessee Valley Creek

Three sampling sites are located in this waterstvan primary sites, TV2 and TV3, and a
secondary site, TV 1 (Table 29). All three sites @n the mainstem of Tennessee Valley Creek
and are being monitored for core parameters (temtyoe, conductivity, dissolved oxygen and
pH), discharge, and coliform bacteria (total catificandE. coli). Nutrient parameters (nitrate,
ammonia and total Kjeldahl nitrogen) are also benapitored at the primary sites.

Core parameter analysis: During each monthly sampling event effort was miadésit both
primary sites as well as the secondary site. TYdA BV 2 commonly do not have water during
the summer months. Therefore, eleven visits werenb@a TV 3, eight visits to TV 2 and four
visits to TV 1. The core parameter data was lasthfone of the visits; thus, there are ten, seven,
and three samples shown in Table 29. Measured flamged from 0.003 cfs to 3.47 cfs during
sampling events. The highest recorded discharge8widscfs at TV3 in February 2007.

Measurements of pH commonly fell below the watealidy objective of 6.5, most often at TV2
where the pH failed to meet the water quality cidteluring 88 percent of the visits (Figure 31).
The mean pH at TV2 was 6.08 while the mean pH dowas at TV3 was 6.81.

Dissolved oxygen at TV2 was below the water qualijective of 7 mg/L during 43 percent of
the visits, most likely because flow at the sitefien low and measurements may have been
taken within standing pools of water (Figure 3E)gure 33 shows the trend of lower dissolved
oxygen levels and higher water temperature duhegsimmer months. There was no flow at
TV 2 when the minimum dissolved oxygen reading6(@y/L, was observed during the June
sampling event. There was not enough water to saatplV 2 in July, August and September.
The maximum water temperature observed, 16.2 °€ av&V 2 when measurements were
taken in a standing pool. The mean water temperdturboth TV 2 and TV 3 was 11.9 °C
(Figure 34).

Specific conductance showed the most variabiliff\&2 with the highest levels occurring
during low flows in November and June (Figure 35).

Table 29. Tennessee Valley Creek watershed core parameter results.

# of Sp. Conductance (US) Dissolved Oxygen (mg/l) pH H20 Temp ( 'C)

Samples Min Max Min Max Min Max Min Max

TV1 3 115.1 146.5 9.81 10.5 5.72 6.63 9.8 11.0
TV 2 7 139.0 479.9 0.66 10.87 511 6.68 9.6 16.2
TV 3 10 163.9 308.0 6.53 12.38 6.28 7.41 7.4 14.7
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Figure 31. Tennessee Valley Creek watershed pH results.
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Figure 32. Tennessee Valley Creek watershed dissolved oxygen results.
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Figure 34. Tennessee Valley Creek watershed water temperature results.
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Figure 35. Tennessee Valley Creek watershed specific conductance results.

Nutrient analysis: There were no detectable levels of ammonia obsenvdt Tennessee

Valley Creek watershed. Nitrate levels were deteoted2 percent of the samples and TKN
levels were above the detection limit in 37 peradrihe samples. The highest observed level of
TKN, 6.0 mg/L at TV2 in June 2007, was not représive of the levels observed throughout
the remainder of the water-year in the watershedbl@30). The highest observed nitrate was
0.50 mg/L at TV 3 in November 2006 (Figure 36).

Table 30. Tennessee Valley Creek watershed nutrient results.

# of Nitrate as N (mg/L) TKN (mg/L) Ammonia as N

Samples No. of Detections Min / Max No. of Detections Min / Max (mg/L)
TV 2 8 3 0.15/0.29 4 0.77/6.00 No Detections
TV 3 11 5 0.04/0.50 3 0.35/2.50 No Detections
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Figure 36. Tennessee Valley Creek nitrate results; results shown at the 0.03 mg/L detection limit were
reported as “non-detect”.

Bacteriaresultsanalysis: There were no exceedences of the total colifornebiacwater

quality criteria in the Tennessee Valley Creek wsited. However, 48 percent of the total
coliform results from the Tennessee Valley Creelevehed were higher than the quantification
limit of 2419 MPN/100mL (Table 31). Tennessee \allireek total coliform results are not
displayed graphically due to the high number ofuargifiable resultskE. coli results were above
the water quality criteria on 6 occasions; 30 peroé the samples (Figure 3B. coli
exceedences occurred most often at TV2, with féaight samples over the contact recreation
criteria. Future sampling will increase dilutiorms fotal coliform in order to obtain more
guantifiable results.

Table 31. Tennessee Valley Creek watershed bacteria results.

Total Coliform (MPN/100 ml) E. coli Bacteria (MPN/100ml)
# of # of samples > QL Min Max Exceedences Min Max Exceedences
samples
TV1 4 1 1011  >2419 0 5 55 0
TV 2 8 5 53 >2419 0 5 1800 4
TV 3 11 5 160  >2419 0 4 520 2
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Figure 37. Tennessee Valley Creek watershed E. coli bacteria results.
Oakwood Valley and Nyhan Creeks

Nyhan Creek (NYH 1) and Oakwood Creek (OAK 1) areamdary sampling sites for GOGA.
These sites were visited on days when Tennesséey\gadd Rodeo Creek watersheds were
monitored. These secondary sites represent padk kdraining to Richardson Bay, where the
Regional Water Quality Control Board (RWQCB) is queting a TMDL for pathogens. The
sampling location for each creek is just upstre&th@r confluence, adjacent to Tennessee
Valley Road. Both of these sites have intermitfeaw and were monitored for core parameters
(temperature, conductivity, dissolved oxygen and, glischarge, and coliform bacteria (total
coliform andE. coli) during monthly sampling visits. Because thesesamondary sites, no
nutrient samples were collected.

Core Parameter Analysis: Ten samples wermllected at NYH1 and nine at OAK1. The sites
were dry during the rest of the sampling dates. résalts for water temperature, specific
conductance and dissolved oxygen showed high vbtyarough the year (Table 32).

The pH results at OAK 1 were always lower than ¢hasNYH 1. The pH fell below the

regional water quality objective of 6.5 during 5&gent of the sampling events at the sites. The
mean pH at OAK 1 was 6.51 while the mean pH at NIvidas 7.38 (Figure 38).
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The maximum water temperature observed, 18.6 Crat N was in August 2007; the
minimum, 6.7 °C was in January 2007 (Figure 39).

The dissolved oxygen did not fall below the watealgy objective of 7 mg/L at NYH 1 and fell
below at OAK 1 during two of the nine visits (Figu40).

The salinity at both sites was either 0.1 or 0.2 pyre often 0.2 ppth at NYH 1 than OAK 1.
The specific conductance was also higher at NY(Hidure 41). The highest specific
conductance seen at NYH 1, 515.0 uS/cm, occurrédign2007 at which time the salinity was
0.3 ppt.

Table 32. Nyhan and Oakwood Creeks core parameter results.

# of Sp. Conductance (US) Dissolved Oxygen (mg/L ) pH H.0 Temp ( ‘C)

Samples Min Max Min Max Min Max Min Max

NYH 1 10 204.0 515.0 7.91 11.93 6.81 7.88 6.7 18.6
OAK 1 9 195.7 423.5 0.37 11.00 585 7.01 7.5 14.6
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Figure 39. Nyhan Creek and Oakwood Creek water temperature results.
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Figure 40 . Nyhan Creek and Oakwood Creek dissolved oxygen results.
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Figure 41. Nyhan Creek and Oakwood Creek specific conductance results.
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Bacteria analysis: Total coliform anckE. coli bacteria results at NYH 1 were higher than those
seen at OAKL1. There were two exceedences of thedoliform criteria and 5 exceedences of
theE. coli criteria at NYH 1 (Figure 42). Twh. coli exceedences were seen at OAK 1 (Table
33). The high bacteria levels on Nyhan Creek irtdieapotential upstream source. These
bacteria results are the highest of any sites sagnplthe GOGA watersheds and warrant
additional investigation. &M staff have recommeddhis to GOGA staff for further
investigation or follow-up. The monitoring station Nyhan Creek is located on GOGA land,
although much of the upstream and downstream psrtod the creek are located on private
lands.

Table 33. Nyhan Creek and Oakwood Creek bacteria results.

Total Coliform (MPN/100 ml) E. coli Bacteria (MPN/100ml)
# of # of samples Min Max  Exceedences Min Max Exceedences
samples > QL
NYH 1 9 3 520 15530 2 160 3488 5
OAK 1 10 1 160 >2419 0 1 650 2
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Figure 42 . Nyhan and Oakwood Creek E. coli bacteria results.
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Pinnacles National Monument (PINN)

Chalone Creek

Eight sampling sites were selected within the CmalGreek watershed, including five primary
sites, and three secondary sites. All eight siga® hntermittent flow, and were monitored for
core parameters (temperature, conductivity, diggbtwygen and pH), discharge, coliform
bacteria (total coliform anH. coli), nutrient parameters (nitrate, ammonia and tjlidahl
nitrogen), and sediment parameters (turbidity,| mtapended solids (TSS), and suspended
sediment concentration (SSC)). Although some sita® designated as primary and some as
secondary, an attempt was made during each movidiityo sample at each location that had
adequate flow. Most often, one or more of the siidsnot have enough water to sample. A
maximum of seven sites were sampled during anymoorgh. Table 33 lists the number of
samples collected from each monitoring stationrduthe 2007 water year.

Coreparameter analysis: Monitoring of the Chalone Creek watershed begalamuary 2007;
core parameter data was collected in January,dmieba and nutrient samples were not
collected until February when the lab contract established. Monitoring events did not occur
during or within seven days of any storm event. el amount of rainfall received during the
2007 water year at the Pinnacles National Monumesither station was 6.46 inches. The
highest levels of rainfall were seen in December agbruary, with 1.75 inches received during
both months.

Several of the monitoring stations did not haveugimowater to collect samples throughout much
of the year. One of these stations, CHA 2 has nesnbnoved upstream approximately 100
meters to a location with more perennial flows tidey to obtain more samples for the 2008
water year. Results for stations with less thaa §amples are not displayed graphically.

Five of the eight sites in the Chalone Creek wateatshad pH levels which fell below the
RWQCB water quality objective of 7.0 most of thadi (Figure 43). The pH of surface water at
PINN may be influenced by the geology of the apthjs commonly lower in springs.

Dissolved oxygen was always above the objectivevemm water habitat of 5 mg/L at five of
the stations; occasionally fell below the criteatawo of the stations and was always below the
objective at one station, CHA 1 (Figure 44). FigdBeshows the sharp decrease in dissolved
oxygen and increase in water temperature that ced¢ahroughout the spring and summer
months at BG 2 and SC 3. The instantaneous watgyeature varied greatly throughout the
year at all sites (Figure 46).

Specific conductance in the Chalone Creek waterghadd greatly with a minimum of 74.6
pnS/cm at CHA 3 and a maximum of 900 uS/cm at SEidlite 47). Conductivity results greater
than 500 uS/cm suggest high pollutant inputs, atjhahe results may be due in part to the
geology of the area contributing higher levels istdlved solids than creeks in the San
Francisco Bay region. In WY 2007 the stations ind§eCreek always demonstrated levels
above 500 puS/cm, and showed high nutrient levelsgalvith indications of bacteria loading.
Two samples were excluded from these results deadpected equipment error; one sample
was at MC 1 and one at SC 3.
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Table 34. Chalone Creek watershed core parameter results.

# of Sp. Conductance (uS) Dissolved Oxygen (mg/L) pH H20 Temp ( 'C)

Samples Min Max Min Max Min Max Min Max

CHA1 7 449.8 616.0 3.32 4.84 6.40 6.90 12.9 23.4
CHA 2 3 472.0 481.0 5.45 6.47 6.72 6.99 16.4 17.1
CHA 3 4 74.6 343.7 5.08 10.10 6.11 6.97 6.0 16.5
BG 2 8 155.1 317.2 3.08 10.56 6.37 6.92 7.0 16.6
MC 1 7 216.0 258.1 6.49 13.86 6.91 7.44 10.4 25.9
SC1 6 715.0 770.0 6.40 15.00 7.77 8.29 8.9 27.1
SC2 5 756.0 900.0 2.30 7.85 6.72 7.15 4.7 26.8
SC3 8 659.0 747.0 7.57 13.85 7.75 8.06 8.8 20.2
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Figure 43 . Chalone Creek watershed pH results.
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Figure 45. Chalone Creek watershed (BG2 and SC3) dissolved oxygen and water temperature results.
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Figure 46. Chalone Creek watershed water temperature results.
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Figure 47. Chalone Creek watershed specific conductance results.
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Nutrient analysis: The Chalone Creek watershed was the only SFAN slagerto have
detectable levels of ammonia during the 2007 wgar, with one detection at MC 1, in March,
and one at SC 2, in June (Table 35). On both caeas pig or evidence of pig activity was
observed. Total coliform and TKN results from thegsts were also higher than seen during
other visits during the same water-year. Nitroges wiost often detected as TKN while nitrate
and ammonia detections were low, indicating thgaoic nitrogen is the dominant form of
nitrogen seen in the watershed. TKN levels werddsgat MC 1 and SC 1 and results indicated
higher summer loading rates (Figure 48). Ammonsalts were reported from the lab as total
ammonia (as N). When converted to un-ionized amentive results were well below the water
guality objective of 0.025 mg/L established in entral Coast RWQCB Basin Plan. Nitrate
was rarely detected in the watershed and only & &ad MC 1.

Table 35. Chalone Creek watershed nutrient results — WY 2007.

# of Nitrate as N (mg/L) TKN (mg/L) Un-ionized Ammonia
Samples No. of Detects Min / Max No. of Detects  Min / Max (mg/L)
CHA 1 6 0 NA 5 0.27/0.38 No Detections
CHA 2 2 0 NA 2 0.37/0.37 No Detections
CHA 3 3 0 NA 3 0.37/0.74 No Detections
BG 2 7 0 NA 6 0.18/0.42 No Detections
MC 1 6 3 0.10/0.22 6 1.10/3.00 1 detect — 0.0007 mg/L
sC1 5 0 NA 5 0.38/1.10 No Detections
sc 2 4 0 NA 4 0.56/1.10 1 detect — 0.005 mg/L
sC 3 7 5 0.10/0.14 7 0.31/0.47 No Detections
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Figure 48. Chalone Creek watershed TKN results.

Bacteria analysis: Bacteria results in the Chalone Creek watershee Wigher than those seen
in the other SFAN watershedk. coli results were highest at MC1 where 86 percentef th
samples exceeded the water quality criterion fortact recreation (Figure 49). MC 1 also had
the highest observed total coliform results, withresults above 2400 MPN/100mL and a
maximum of 41,000 MPN/100 mL (Table 35). Total tmim levels at most sites rose
throughout the summer which may indicate highedilogrates during those months or may be
due to the lower flow at the sites which resulted iess dilute sample. Bacteria results were also
commonly high at SC 1. It may be valuable to tkstliacteria levels above the in-holding at MC
1 in order to determine the source of the highlteswhile there were no quantified results
above 2400 MPN/100 mL at BG 2 or the stations oal@te Creek, there were multiple results
above the quantification limit of 2419 MPN/ 100d&re 50).

Higher dilutions will be used during the 2008 watear in order to better quantify the bacteria

levels. The effects of factors such as septic aystar wildlife near these monitoring stations are
extremely localized due to the intermittent anctdmected nature of the streams (Figure 51).
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Table 36. Chalone Creek watershed E. coli and total coliform bacteria results - WY 2007.

Total Coliform (MPN/100 mL ) E. coli Bacteria (MPN/100mL)
#of # of samples Min Max Exceedences Min Max Exceedences
samples > QL

CHA1 6 1 160 >2419 0 4 610 1

CHA 2 2 1 1700 >2419 0 20 110 0

CHA3 3 0 920 2000 0 ND 28 0

BG 2 7 3 270 >2419 0 ND 110 0

MC 1 6 2 >2419 41000 2 130 2300 5

SC1 5 2 1600 23000 1 56 980 1

SC2 4 0 770 5400 0 50 1100 2

SC3 7 1 488 >2419 0 9 580 2
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Figure 49. Chalone Creek watershed E. coli bacteria results.
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Figure 50. Bear Gulch and Chalone Creek total coliform bacteria results.
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Figure 51. Sandy Creek and McCabe Canyon total coliform bacteria results.
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John Muir National Historic Site (JOMU)
Franklin Creek

Approximately 150 meters of Franklin Creek are dPS\property. Here, a single water quality
site is monitored for core parameters (temperatgeductivity, dissolved oxygen and pH),
discharge, coliform bacteria (total coliform aBdcoli), and nutrient parameters (nitrate,
ammonia and total Kjeldahl nitrogen).

Coreparameter analysis: The core parameters results consistently fell withe established
water quality objectives for Franklin Creek, altigbuspecific conductance values were
consistently high. Freshwater streams typicallyusthtvave conductivity between 150 to 500
pnS/cm to support diverse aquatic life; higher Isysuch as those seen in Franklin Creek, are an
indicator of non-organic solids in the water boBgltar 1997).

In Franklin Creek, pH results varied little and weatways within the RWQCB water quality
objectives (Figure 52). The mean pH at FRA 1 w83.7.

Dissolved oxygen fell below the cold water habdbfective of 7 mg/L during two visits (Figure
53).

Specific conductance results were higher than tbbserved in other SFAN watersheds, with a

maximum of 1544 uS/cm in August 2007 (Figure 54)irfty values ranged from a minimum
of 0.4 ppt in December to a maximum of 0.8 pptwigitow flow conditions in July and August.

Table 37. Franklin Creek watershed core parameter results.

# of Sp. Conductance (US) Dissolved Oxygen (mg/l) pH H.0 Temp ( ‘C)
Samples Min Max Min Max Min Max  Min Max
FRA 1 10 753 1544 4.67 13.01 7.77 8.2 7.3 17.8
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Figure 54. Franklin Creek watershed specific conductance results.

Nutrient analysis: The dominant form of nitrogen in the Franklin Cree&ktershed was soluble
inorganic nitrogen in the form of nitrate. Frankimeek had detectable levels of nitrate during
all ten site visits (Table 38). TKN was above tlegedtion limit on one visit, while there were no
detectable levels of ammonia during any visit. &terlevels in Franklin Creek were higher than
the mean in the other SFAN watersheds.

Table 38. Franklin Creek watershed nutrient results.

# of Nitrate as N (mg/L) TKN (mg/L) Ammonia as N
Samples  No. of Detects Min/Mean/ Max No. of Detects Min / Max (mg/L)
FRA 1 10 10 0.84/1.28/1.95 1 1.70/1.70 No Detections
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Bacteria analysis: Bacteria results in the Franklin Creek watershezkeded the water quality

standard for contact recreation for both totalfoath andE. coli bacteria (Figure 55 and Figure
56). The total coliform bacteria criterion of 2T00001PN/100 mL was exceeded twice and Ehe

coli bacteria criterion of 235 MPN/100 mL was exceededhree occasions (Table 39). Total

coliform results were above the 2419 MPN/100 mLmifigation limit on three occasions.

Table 39. Franklin Creek bacteria results.

Total Coli form (MPN/100 ml) E. coli Bacteria (MPN/100ml)
#of # of samples > Min Max Exceed Min Max Exceed
samples QL
FRA 1 10 3 313 13000 2 49 2400 3
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Figure 55 . Franklin Creek watershed E. coli bacteria results.
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Discussion

Data presented here represent the first year adrvgtality monitoring under the approved San
Francisco Bay Area Inventory and Monitoring Netw(BEAN) Water Quality Monitoring
Protocol (Cooprider and Carson 2006). While the72@@ter year began in October 2006 and
continued through September 2007, monitoring beg&ovember 2006 for most sites and in
January 2007 for the sites in Pinnacles NM. Theegfihhe data does not reflect an entire water
year for any of the sites. Additionally, little tasic data exists for many of the sites and
collection of any historic data did not follow appaoved protocol. While it is not yet possible to
observe long-term trends, the data can be view#tkigontext of water quality objectives
established by the regional water quality contaarols and reference levels established for the
region through monitoring by the US EPA.

The streams monitored in the SFAN commonly havehdigge below one cfs throughout much
of the year, with higher flows observed between &vober and March. During the 2007 water
year most of the core parameter results which semted failures to comply with established
water quality objectives, such as low pH and digsdloxygen, were observed under low or no
flow conditions. The sites with perennial flow demstrated less variability in pH, water
temperature, and dissolved oxygen throughout the, ydthough all sites exhibited higher water
temperatures and lower dissolved oxygen througlsdinemer months as expected. Conductivity
was significantly higher in Franklin Creek at JONHR&N throughout the rest of the SFAN; all
sites followed the same pattern through the yetr thie lowest levels in December when
streamflow was high and increasing through the gsdhe volume of water in the streams
decreased. Conductivity results were also highiINNR although not as high as JOMU.

Currently the only water quality objective for aite is the public health standard of 10 mg/L
(max) established by the US EPA. The US EPA didlachan extensive survey throughout the
US in order to establish regional reference vallieg. regional reference value for the San
Francisco Bay Region is 0.16 mg/L (US EPA 2000)siMgtations throughout the SFAN had
nitrate levels below 0.50 mg/L except under higiwflconditions when they increased slightly.
Franklin Creek in JOMU had the highest nitrate Iewe the SFAN, with a maximum of 1.95
mg/L in May 2007. The high nitrate levels at JOMEymndicate that the high conductivity is
due to inorganic dissolved solids in the streamene@s in PINN nitrate levels were much lower
indicating that higher conductivity levels may beeault of natural geologic influences which
contribute organic dissolved solids. TKN, a measdr@rganic nitrogen and ammonia,
periodically spiked throughout the SFAN. The highBSN result occurred in Olema Creek at
one of the sites with intermittent flow, OLM 18, amthe sample was collected from a pool of
standing water. Within PINN, one site, in McCaben@m, showed higher TKN levels than the
other stations. Suspected influences on TKN atdtaison include an inholding with a possible
failing septic system and fecal matter from pi¢pg site was located outside of the pig exclosure
during this sampling period.

Bacteria levels fluctuated throughout the yeadlattations. The highest observEdcoli levels
were at Nyhan Creek in GOGA. Throughout the SFAIdré¢ were six total exceedences of the
single day sample contact recreation criteriadtaltcoliform and 41 exceedences of Eheoli
contact recreation criteria.
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Nitrogen within SFAN streams was measured as TKB sum of both organic nitrogen and
ammonia, nitrate, which is soluble inorganic nigngor ammonia. As ammonia was rarely
detected, TKN detections can be assumed to be piyroeganic nitrogen. The dominant form
of nitrogen observed varied by watershed. Nitrogethe Rodeo Creek and Chalone Creek
watersheds occurred primarily as organic nitrogaiteathe dominant form of nitrogen in the
Pine Gulch and Franklin Creek watersheds was solabkganic nitrogen as nitrate. The Olema
Creek and Tennessee Valley Watersheds had appri@kyntiae same number of detections of
both organic and inorganic nitrogen. The obserigdpd nitrogen levels throughout the SFAN
demonstrated a relationship observed by Willetl ef2004); pH decreased with higher levels of
organic nitrogen in the Rodeo Creek and ChalonelCnatersheds, and increased with higher
levels of inorganic nitrogen in the Pine Gulch &mdnklin Creek watersheds.

Observed nutrient levels throughout the networkewew, with only one percent of samples
having ammonia above the 0.10 mg/L detection leweln nitrate (as N) of 0.34 mg/L and
mean TKN of 0.99 mg/L. Based on these observatibisrecommended that nutrient sampling
be reduced to include only TKN and nitrate each tmevith ammonia sampled monthly during
the winter months, November through March and guigrbetween April and September.

Recommendations

» Evaluate and recommend dilution factors for patihoggmples collected at all sites based
on season and discharge, to limit results outdidiesoquantification level.

« Recommend to GOGA staff investigation of Nyhan meatershed, with respect to
increased pathogen levels observed during regatapkng.

» Evaluate conditions around stations SC 3 and MCAIMNN, to identify potential
pollutant loading sources which affect water qyalir determine additional sites to
bracket potential sources.

» Identify weather or flow stations to be used inamimg with Franklin Creek/Strentzel
Canyon information.

* Identify weather or flow stations to be used inaing GOGA — Marin watershed
information, including Rodeo and Tennessee Valley.

* Reconsider nutrient sampling regime based on exteasnmonia (as N) non-detects.
Recommended nutrient sampling schedule is mon#rtypding of nitrate and TKN with
ammonia sampled quarterly, in October, Januaryil Aprd July as well as during any
storm sampling.
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Appendix A

Definitions
Total and Fecal Coliform Multitube Analysis performed by Test America. Total catifowas
occasionally reported along with fecal coliformuks during Olema Creek TMDL sampling.

Total Coliform Quantitray- Analysis performed by Analytical Sciences by Qiteay method.

Total Coliform Idexx Quantitray- Analysis performed by NPS staff using the Id@uantitray.
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OLM 18 — Mainstem of Olema Creek upstream of Randal | Gulch.

This station is located 10 to 20 feet above thdlaence of Olema Creek and Randall Guich.
Randall Gulch has flow into Olema Creek duringwheter months; there is not input during the
summer. The flow on Olema Creek above the confledreczomes intermittent in the summer
and fall months, typically June through Novembent®Y quality monitoring has occurred at this
station since January 2001.

Figure A -1 . OLM 18 during “above normal” flow conditions
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Table A-1. OLM 18 results, WY 2007.
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OLM 1 — John West Fork
This monitoring station is located on John WeskFapproximately 100 meters upstream of the
confluence with Olema Creek. The flow is interrmttduring the summer and fall months.

Figure A - 3. OLM 1, “above normal” flow conditions. View downstream.
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Table A-2. OLM 1 results, WY 2007.
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OLM 14 - Olema Creek at the Five Brooks Bridge
This station is located on the mainstem of Olenmee€@approximately 400 meters downstream
of the Olema Creek/John West Fork confluence. Tlsetennected flow throughout the year.

Figure A - 4. OLM 14, “low” flow conditions.

Figure A-5. OLM 14, storm 2006.
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Table A - 3. OLM 14 results, WY 2007.
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3/6/07 Routine 101 109.1 1523 0.1 964 1084 7.16 8.195 810 816.41 17 162.42 <0.1 0.22 <0.25
4/3/07 Routine 11 9.2 1438 2058 0.1 953 1093 7.35 1513 44120 11 10 <0.1 <0.25
5/1/07 Routine 13.8 119 1484 1982 0.1 921 9.98 791.53 52.01 <0.1 .18 <0.25
5/1/07 Quality Control 51.60
6/5/07 Routine 155 141 1823 230.0 0.1 918 943 817 0.945 870 93 <0.1 .14 <0.25
7/10/07 Routine 175 15 218.7 2703 0.1 90.0 9.08 7.08 0.249 1600 1600 <0.1 .18 <0.25
7/10/07 Quality Control 1400 1100
8/1/07 Routine 15 151 2325 2867 01 812 817 7.15 990 170 <0.1 .15 <0.25
9/10/07 Routine 16 149 2463 3054 .1 71 7.18 7.16 3300 570 <0.1 <0.1 .26
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OLM 6A — Davis Bucher Creek, tributary to Olema Cre ek

This monitoring station is located on Davis BucBeeek, approximately 150 meters upstream of
the confluence with Olema Creek. The flow is typiycbow, below 1 cfs, and perennial. The
station is located within the PORE Philip Burtonl®érness Area and should be free of
influence from land-use activities such as ranchithgrse riding is common on the trails

adjacent to OLM 6A and there has been a horseiogpes the creek 5 to 10 meters below the
monitoring station. Monitoring staff have made #iort to sample upstream of this crossing as it
may impact water quality. OLM 6A was the only statwith nitrate above the detection limit

for all WY 2007 samples.

Figure A - 6. OLM 6A, Americorps intern Erin Brown, Jan 2008.
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Table A - 4. OLM 6A results, WY 2007.

Visit Date
Activity Type

10/3/06 Routine
10/3/06 Quality Control
11/7/06 Routine
12/5/06 Routine
1/2/07 Routine
1/9/07 Routine
1/9/07 Quality Control
1/23/07 Routine
1/30/07 Routine
2/6/07 Routine
3/6/07 Routine
4/3/07 Routine
5/1/07 Routine
6/5/07 Routine
7/10/07 Routine
7/10/07 Quality Control
7/10/07 Quality Control
7/10/07 Quality Control
8/1/07 Routine
8/1/07 Quality Control
9/10/07 Routine

Air Temp (°C)

[N
=
N

11

13.3
16.3
16.5

15

155

E

o

~ %)

O 2
< >

g s

) ©
== =]
o} 2

N o

I o
214.2
11.4 214.1
13 227.3
6.7 184.5
8.1 121.3
7.8 114.2
7.7 1141
*Not Reported
7 200.3
8.3 210.6
10.9 179.3
9.7 186.0
11.3 204.3
13.1 218.2
13.7 231.3
13.8 233.5
13.8 236.7

13.8 246

[O]

(8]

C

8

(8]

=}

2 =)

3 g

£E 2

©c O c

OB =

g8 &
289.3 0.1
289.3
2045 0.1
2838 0.1
179.2 0.1
1701 0.1
170.0 0.1
305.0 0.1
308.7 0.1
2453 0.1
2631 0.1
276.8 0.1
2827 0.1
2946 0.1
2973 0.1
301.0 0.1
3128 .2
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~ Dissolved Oxygen (%)

2]
[oe)

110.9
104.4
97.4
96.9
96.9

95.3
93.5
96.6
95.7
99.1
93.8
93.2

95.8
95.8
94.2

& Dissolved Oxygen (mg/L)

©
o2}

11.67
12.76
11.51
11.53
11.55

11.55
10.97
10.68
10.88
10.84
9.87

9.64

9.90
9.92
9.73

pH

7.80

7.84
7.93
7.74
7.84
7.84
7.92
7.90
7.76
7.37
7.63

8.3
7.79

7.84
7.83
7.63

Discharge (cfs)

0.29
0.35
0.55
0.54

0.25
0.30

0.24
1.113

0.455
0.390

0.225

0.157

Total Coliform Multitube

(MPN/100mL)

140

Quantitray (MPN/100mL)

TotalColiform ldexx

19.9
547.5
770.1
9.90
980.39
1300
50

75

48

31
720
1000
990

» FecalColiform

[N

50
50
17

22

22
7

(MPN/100mL)

Ecoli QuantiTray
(MPN/100mL)

Ecoli Idexx Quantitray

(MPN/100mL)

13.2
9.7
9.69
A0
16.60
1300
17
31
21
10
<10
10
260

Ammonia as N (mg/L)

<0.1

<0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<0.1
<0.1

Nitrate as N (mg/L)

0.23
0.25

0.29

0.23
0.36
.27
.25
.20
.23

.23
.18
A7

TKN (mg/L)

<0.25
<0.25

<0.25

<0.25
<0.25
<0.25
<0.25
<0.25
0.44

<0.25

<0.25
<0.25
<0.25



OLM 11 — Olema Creek at Bear Valley Bridge
This monitoring station is located on the mainstdr®lema Creek at Bear Valley Bridge near
the PORE headquarters. There is a maintained sigagmlocated at the station.

Figure A - 8. OLM 11 during “low” flow conditions, April 2008.
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Table A-5. OLM 11 results, WY 2007.

Visit Date
Activity Type

10/3/06 Routine
11/7/06 Routine
12/5/06 Routine
1/2/07 Routine
1/9/07 Routine
1/23/07 Routine
1/30/07 Routine
2/6/07 Routine
3/6/07 Routine
4/3/07 Routine
4/3/07 Quality Control
5/1/07 Routine
5/1/07 Quality Control
6/5/07 Routine
6/5/07 Quality Control
6/5/07 Quality Control
6/5/07 Quality Control
7/10/07 Routine
8/1/07 Routine
9/10/07 Routine

® 5 &
B % o Air Temp (°C)

B ©c
N

12.5

16.8

18.1
15.5
17.5

H20 Temp (°C)

NN O R
NN oD
~N

6.8
8.8
11.7
11.3
11.3
13.3
13.3
16
16

18.1
17.6
15.8

Conductivity (uS/cm)

155.0
169.2
132.0
176.2
176.4
188.3
189.1
218.5
218.7

250.6
257.4
258.7

Specific Conductance

(uS/cm)

294.1
317.7
277.3
113.0
118.6

237.4
245.0
177.1
239.0
239.0
242.1
243.4
263.6
263.7

288.7
299.7
314
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Salinity (ppth)

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

0.1
0.1

Dissolved Oxygen (%)

© ©
© N
o o

115.2
90.5
93.4

91.5
97.9
95.3
100.9
101.2
90.7
90.7
89.4
86.8

89.8
84.1
81.3

Dissolved Oxygen (mg/L)

©
©
=}

10.08
14.37
10.77
11.23

11.15
11.35
10.35
11.05
11.10
9.49
9.47
8.80
8.53

8.49
8.02
8.05

7.53
7.29
7.50
7.14
7.23
7.38
7.39
7.20
6.69
7.31
7.32

7.84
7.85

7.17
7.19
7.14

Total Coliform Multitube

Discharge (cfs)
(MPN/100mL)

0.93
1.95
14.46
11.19
5.12

3.40

18.033 180

3.685 61

4.230

1.853

1.034
0.845
0.591

-
5
e
¥
ES E
0E ©Q
s8§ §
°S 2
120
130
80
70
130
46
648 140
866.4 14
1553 17
156.3 23
571.73
1553
1000
2400
410
1010
690
2300
3400

(MPN/100mL)

Ecoli QuantiTray
(MPN/100mL)

Ecoli Idexx Quantitray

(MPN/100mL)

210
56
225
41

99

108
140
170
140
230
270
160
910

Ammonia as N (mg/L)

<0.1

<0.1
<0.1
<0.1
<0.1

<0.1
<0.1

<0.1
<0.1
<0.1

Nitrate as N (mg/L)

0.21
0.32

0.72

0.25
0.36
<0.1
<0.1

A1
A3

A2
.05
.03

TKN (mg/L)

0.4
0.8

<0.25

<0.25
<0.25
<0.25
<0.25

<0.25
<0.25

0.36
<0.25
<0.25



OLM 10B — Olema Creek near Olema Marsh

This is the furthest downstream monitoring statorOlema Creek. The station is adjacent to
Olema Marsh; approximately 300 meters upstrearhetonfluence with Lagunitas Creek.

Figure A-9. OLM 10B during “above normal” flow conditions.
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Table A-6. OLM 10B results, WY 2007.

s 2 % : 8§ E 5 3 £ :f 7 R F% o= 2

o & T & = g & g2 gE& o 2,52 323 Fsizss sz o
g z § © 3E£3F z 3§ 28 g 2258,295 §SEE555 e £
@ 2 T 9 fg 284 £ EF 2% . 3@ EZig§sfizsazSitE® LB oz
S < 4 I o2 o 6 ©oO Bd s 0t 252Cfzcol2io3Lo2<E ZE F
10/3/06 Routine 15.6 122 2182 2885 0.1 76.9 8.25 7.26 76
11/7/06 Routine 17.8 15.1 248.0 306.2 0.1 93.9 943 742 125 170 <0.1 .14 1.7
11/7/06 Quality Control <0.1 0.14 13
12/5/06 Routine 11 5.8 182.2 287.3 0.1 1129 14.11 7.60 213 80 <0.1 0.23 <0.25
12/5/06 Quality Control <0.1 025 13
1/2/07 Routine 7.6 89.8 134.5 0.1 91.7 10.95 7.07 15.08 110

1/2/07 Quality Control 7.6 89.5 134.1 0.1 915 10.94 7.07

1/9/07 Routine 14 7.6 88.7 132.9 0.1 102.5 12.25 7.27 1279 140 <0.1 0.68 <0.25
1/9/07 Quality Control 7.7 90.2 134.5 0.1 102.5 12.17 7.34

1/9/07 Quality Control 7.7 88.9 132.9 0.1 101.5 12.15 7.27

1/9/07 Quality Control 7.6 88.3 132.1 0.1 101.7 12.14 7.27

1/9/07 Quality Control 7.6 89.1 133.1 0.1 103.4 12.52 7.27

1/9/07 Quality Control 7.6 89.1 133.6 0.1 102.8 12.28 7.26

1/9/07 Quality Control 7.6 88.9 133.1 0.1 100.3 11.96 7.28

1/9/07 Quality Control 7.6 88.8 133.1 0.1 96.6 11.54 7.31
1/23/07 Routine 4.9 131.6 213.2 0.1 103.4 13.21 7.35 555 46
1/23/07 Quality Control 4.9 131.3 212.9 0.1 103.3 13.22 7.35
1/30/07 Routine 115 6.7 160.7 247.3 0.1 95.1 11.63 7.46 443 727 140 75
1/30/07 Quality Control 6.7 160.8 247.3 0.1 95.0 11.61 318 30

2/6/07 Routine 8.8 175.8 254.6 0.1 102.1 11.85 7.47 3.28 2419 41 153 <0.1 0.15 <0.25
2/6/07 Quality Control 8.8 175.8 254.6 0.1 102.9 11.98 7.51 >2419 133 <0.1 0.15 <0.25
3/6/07 Routine 124 1374 181.0 0.1 92.6 9.87 6.83 20.814 240 3300 85 108 <0.1 0.32 <0.25
3/6/07 Quality Control 1000 121 <0.1 0.32 <0.25
4/3/07 Routine 125 111 179.3 2443 0.1 97.8 10.75 7.34 4.735 459 23 10 <0.1 <0.1 <0.25
5/1/07 Routine 16 12.9 190.3 247.7 0.1 95.9 10.12 3.568 870 55 <0.1 .22 <0.25
6/5/07 Routine 175 16 2151  259.5 0.1 80.4 7.93 7.88 1.713 160 93 <0.1 .10 0.27
6/5/07 Quality Control 590 74

6/5/07 Routine 160 93
7/10/07 Routine 16 15,9 230.2 277.9 0.1 83.8 8.26 7.21 0.628 560 200 <0.1 .05 0.31
7/10/07 Quality Control 16 230.3 2779 0.1 84.6 8.34 7.23 560 200 <0.1 .05 0.31
8/1/07 Routine 185 16 2219 2680 0.1 712 7.02 7.00 0.330 680 31 <0.1 .07 <0.25
9/10/07 Routine 185 155 236.6 288.8 1 60.1 5.97 6.87 0.253 550 20 <0.1 .29
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PNG 3 — Pine Gulch Creek near Texeira Ranch

PNG 3 is the furthest upstream monitoring statioiPme Gulch Creek. The creek and
monitoring station are adjacent to the Olema Vaitay and the PORE Philip Burton Wilderness
Area. The flow at PNG 3 is perennial.

Figure A -10. PNG 3 during “normal” flow conditions, April 2008.
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Table A-7. PNG 3 results, WY 2007.

Visit Date
Activity Type

11/8/06 Routine
11/8/06 Quality Control
12/6/06 Routine
1/3/07 Routine
2/7/07 Routine
3/7/07 Routine
4/5/07 Routine
4/5/07 Quality Control
5/2/07 Routine
6/6/07 Routine
7/5/07 Routine
7/5/07 Quality Control
8/2/07 Routine
9/10/07 Routine
9/10/07 Quality Control

Air Temp (°C)

N
w
N

13.8

10.5

13.5
16.1
18.3

15
19

H20 Temp (°C)

9.4
9.4
10.6
9.9
9.9
12
11.8
13.9

13.8
15.1
15.1

N
()

o ..

© Conductivity (uS/cm)

190.4
156.0
109.7
161.5
134.0
150.9
150.9
161.8
200

181.3

184.6
199.1
199.5

pecific Conductance

puS/cm)

=

247.0
246.5
235.6
155.9
229.8
184.8
212.1
212.0
2151
200

230.2

234.6
245.3
245.2

91

Salinity (ppth)

o Dissolved Oxygen (%)

©
e8]

99.0
97.5
94.5
101.1
94.3
94.3
92.2
89.6
96.0

86.3
86.1
86.9

ygen (mg/L)

» Dissolved Ox

Juny
o
hary

11.91
11.16
10.80
11.25
10.65
10.67
9.92
9.71
9.92

8.93
8.66
8.72

pH

7.23

7.31
7.04
7.29
7.07
7.00
7.01
6.69
6.87
6.97

7.17
7.18
7.19

a1 Discharge (cfs)

©
o

0.93
2.83
1.53
5.78
1.733

1.554
0.959
0.838

0.636
0.408

Total Coliform QuantiTray

(MPN/100mL)

\A
N
D
o
o

690
770
980
550
580

TotalColiform Idexx
Quantitray (MPN/100mL)
FecalColiform

33.7
73
151.0

35

180
820
560
600
690
690

(MPN/100mL)

Ecoli QuantiTray
(MPN/100mL)

120

35
16

Ecoli Idexx Quantitray

(MPN/100mL)

14.6
22.8
11.0

10
18

0
10
10
31

Ammonia as N (mg/L)

A
©
=

<0.1
<0.1
<0.1

<0.1
<0.1

%S Nitrate as N (mg/L)

o

0.50
0.29
0.36
.25

.25
21
.27

21
.20

~ TKN (mg/L)

=

13

<0.25
<0.25
<0.25

<0.25
<0.25
0.28

<0.25
.27
<0.25



PNG 2 — Pine Gulch Creek
This station is located on the mainstem of Pinecb@reek downstream of the small tributaries
McCurdy Creek, Copper Mine Gulch, and Cronin Gulch.

Figure A-11. PNG 2, May 2008.
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Table A - 8. PNG 2 results, WY 2007.
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8 z & S £E 2 32 3 3 2 08 8222222 ¢ g =
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S < T T S 42 & & & & &6 R2 Lo L2 @ o2 I = ¥
11/8/06 Routine 145 13.7 196.8 251.0 0.1 1023 1059 7.47 0.864 1400 37 <0.1 0.25 5.0
11/8/06 Quality Control 13.7 196.8 251.0 0.1 102.1 10.60
12/6/06 Routine 8.3 158.3 232.6 0.1 951 11.18 7.43 1.08 980 51 <0.1 0.316 1.3
12/6/06 Quality Control 8.3 157.7 2317 0.1 956 11.24 7.43 1200 55 <0.1 0.294 <0.25
1/3/07 Routine 105 9.5 102.3 1452 0.1 893 10.17 6.99 538 820 48 <0.1 0.36 1.2
1/3/07 Quality Control 9.5 101.6 144.2 0.1 887 10.17 7.01
2/7/07 Routine 9.7 154.0 217.6 0.1 919 1044 731 284 2000 1986 60 76.7 <0.1 0.22 <0.25
2/7/07 Quality Control 9.7 1540 2176 0.1 918 1043 7.32 2400 53 <0.1 0.22 <0.25
3/7/07 Routine 10.8 1246 171.0 0.1 929 10.30 6.98 11.37 310 106 7 37.86 <0.1 0.25 <0.25
3/7/07 Quality Control 10.8 1246 171.0 0.1 929 10.29 7.02
4/5/07 Routine 125 104 1483 2056 0.1 922 1033 6.87 2927 610 167 7 11.0 <0.1 .19 <0.25
4/5/07 Quality Control 330 209 17 20.20 <0.1 .19 <0.25
5/2/07 Routine 145 12.8 160.8 209.8 0.1 981 10.35 6.30 2.856 1400 37 <0.1 .18 <0.25
5/2/07 Quality Control 128 1609 209.7 0.1 97.7 10.34 6.25 1400 34 <0.1 .19 <0.25
6/6/07 Routine 15.7 124 200 200 0.1 881 939 6.83 1522 920 330 <0.1 .15 <0.25
7/5/07 Routine 185 14.6 188.4 235.4 0.1 870 8.82 7.03 0.929 1600 350 <0.25
7/5/07 Quality Control 1400 390
8/2/07 Routine 15 144 1946 2440 0.1 851 868 7.28 0.717 1100 97 <0.1 .17 <0.25
8/2/07 Quality Control 14.4 194.6 243.8 0.1 851 8.68 7.25 1200 110 <0.25
9/10/07 Routine 19 16 2145 259.2 1 89.1 8.75 7.19 0.396 1100 <1 <0.1 .16 <0.25
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PNG 1 — Pine Gulch Creek near Bolinas Lagoon

This monitoring station is located approximately) 30eters upstream of Bolinas Lagoon and is
adjacent to an organic farm. During the summer mgniater is pumped from the creek,
approximately 30 meters upstream of the monitosiiagjon, for irrigation. The station has a
stream gage that is maintained by NPS staff.

Figure A-12. PNG 1 at “above normal” flow conditions, January 2008.

Figure A-13. PNG 1, May 2008
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Table A-9. PNG 1 results, WY 2007.

§ 5 > =
5 S 2 7 __g8___ 8. _z £
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11/8/06 Routine 14.4 213.0 2670 01 976 996 7.19 094 980 220 <0.1 0.18 <0.25
12/6/06 Routine 18 9.3 182.7 261.0 0.1 934 10.72 7.29 1.62 1200 55 <0.1 0.316 1.3
12/6/06 Quality Control 9.3 182.7 261.0 0.1 933 10.69
1/3/07 Routine 12 9.5 111.3 1578 0.1 929 1060 7.12 7.92 770 27 <0.1 .45 038
1/3/07 Quality Control 650 30 <0.1 045 0.8
2/7/07 Routine 10 1755 2459 0.1 901 1016 7.28 3.71 1300 1733 260 344.8 <0.1 0.21 <0.25
3/7/07 Routine 11.6 1432 1926 0.1 953 10.37 6.79 13.35 610 161 6 3451 <0.1 0.27 <0.25
3/7/07 Quality Control 1000 5 <0.1 0.27 <0.25
4/5/07 Routine 145 116 1705 2291 0.1 923 10.01 7.03 3.824 610 613 29 63.14 <0.1 .17 <0.25
5/2/07 Routine 145 142 1830 2304 0.1 977 10.01 551 4.009 590 90 <0.1 .27 <0.25
6/6/07 Routine 16 13.5 200 200 0.1 999 1043 6.83 1.406 720 50 <0.1 .12 <0.25
6/6/07 Quality Control 200 39 <0.1 .12 <0.25
7/5/07 Routine 16 156 2066 2519 01 859 854 712 0.8555 2000 46 <0.1 .14 0.73
7/5/07 Quality Control 16 156 206.6 251.7 0.1 857 853 7.13 2400 45 <0.1 .14 <0.25
7/5/07 Quality Control 1400 20
8/2/07 Routine 16 151 1999 2467 0.1 858 862 7.02 0.823 2800 650 <0.1 .11 <0.25
9/10/07 Routine 185 161 2231 2686 .1 798 7.84 6.96 0.409 1700 97 <0.1 <0.1 <0.25
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TV 1-Tennessee Valley Creek

TV 1 is a secondary monitoring station. The staitoadjacent to a small residence and the
Miwok horse stables. This portion of Tennesseeayallreek is dry during the summer and fall
months. Monitoring occurs at this station during thonths when there is visible flow. Core
parameters and a grab sample, which is analyzatiédvacteria parameters, are collected.

k)

Figure A-14. TV 1, January 2008.
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Table A - 10. TV1 results, WY 2007.
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(7/6w) N se aremN

(71/6w) N Se eluowwy

(TWOOT/NdIN)
Aennuend) xxap| 11093

(TwEOT/NdIN) Aelnuend 11003

(TWOOT/NdIN)
Aennuend xxap| WJoyljoDe1o L

(TWOOT/NdI)
Aeinuend wioyljod e

(sy0) abreyosig

Hd

(1/6w) uabAxQ panjossig

(%) uabAxQ panjossia

(wpdd) Anuires

(woysrl) aouelonpuo) oyoads

(woysr) Awananpuod

(Do) dwal OzH

(Do) dwa a1y

adA1L Auanoy

aled NSIA

55.39

2419.57

0.75

5.72
6.12
6.56
6.63

1196 0.1 932 10.50
125.8

115.1
146.5

10 85.3

9.8
11

10.3

2/22/07 Routine

14.35
49.54

1203.33
1011.16
>2419

10.42
9.90
9.81

92.0

0.1

89.4

3/22/07 Routine

89.9

12 84.5 0.1

4/11/07 Routine

88.6

10.9 107.2 0.1

135

5/16/07 Routine
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TV 2-Tennessee Valley Creek

This primary site is located on Tennessee Vallese€below the Miwok horse stables and
adjacent to the Tennessee Valley trail. This partbthe creek is dry throughout the summer
months, typically July through November.

Figure A - 15. TV 2 under normal flow conditions.
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Table A-11. TV 2 results, WY 2007.
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11/20/06 Routine 155 144 382.6 4799 0.2 269 276 5.11 >2400 7 0.8
12/28/06 Routine 9.6 98.5 139.0 0.1 856 10.87 6.48 0.49 2400 42 0.29 21
1/25/07 Routine 8.5 1355 1980 0.1 711 8.39 6.01 490 64 <0.1 <0.25
2/22/07 Routine 13.3 103 109.0 1515 0.1 90.6 10.14 596 0.94 >2419 >2419 340 365.4 <0.1 0.17 0.77
3/22/07 Routine 11.5 118.8 160.1 0.1 78.6 8.54 5.77 0.114 >2419 1986.29 10 5.16 <0.25
4/11/07 Routine 13 11.8 175.6 2346 0.1 78.0 841 6.46 0.135 >2419 >2419 920 980.39 <0.1 .15 <0.25
4/11/07 Quality Control  Field parameters dup at TV3 >2419 650 <0.1 .12 <0.25
5/16/07 Routine 135 128 162.7 212.0 0.1 53.3 5.64 6.15 0.025 53 16 <0.25
6/19/07 Routine 18 16.2 377.6 4536 0.2 6.6 0.66 6.68 >24000 1800 6.0
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TV 3-Tennessee Valley Creek

This primary monitoring station is located downatreof the confluence with the Backdoor
tributary which is adjacent to a small horse stablé 3 is also adjacent to the Tennessee Valley
trail.

+

Figure A - 16. ‘Amelia Ryan (PdRE) amling atTVv 3.
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Table A-12. TV 3 results, WY 2007.
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& € 2 2 § £ 5 & s f2 g § 52 22 % = 4
2 e e E 3 © e 3 3 5 %8 =g 35 S8 38 & 4 E)
g > e & 5§ ez oz & & £ 83 3¢ 8 o5 22 5 & £
% 2 - 9 & &% = % % . 3 E& g5 § 83 B: t £ s
> < b T o w3 » b fa) S o e 2o £ 42 o422 = = =
11/20/06 Routine 16 13 237.5 308.0 0.1 117.6 12.38 6.78 0.02 >2400 0.50 <0.25
11/20/06 Quality Control >2400 7 0.50 <0.25
12/28/06 Routine 9.9 119.2 167.5 0.1 99.1 1121 7.03 2.68 >2400 21 029 25
1/25/07 Routine 7.4 112.1 168.8 0.1 982 11.80 6.90 0.27 1200 10 <0.1 <0.1 <0.25
1/25/07 Quality Control 7.4 111.3 167.9 0.1 982 11.81 6.93 1100 12 <0.1 <0.25
2/22/07 Routine 10.6 1185 163.9 0.1 1014 11.30 6.28 3.47 >2419 >2419 520 290.93 <0.1 .15 0.70
2/22/07 Quality Control 10.5 118.3 163.4 0.1 101.3 11.29 6.28 >2419 410 <0.1 0.16 0.74
3/22/07 Routine 10.3 136.4 189.7 0.1 108.1 12.09 6.56 0.456 >2419 913.86 38 48.74 <0.25
3/22/07 Quality Control 10.3 136.8 190.2 0.1 108.1 12.09 6.61 >2419 39 <0.25
4/11/07 Routine 135 11.7 149.8 200.5 0.1 100.8 10.93 6.81 0.345 >2400 960.61 39 3405 <0.1 <0.1 <0.25
4/11/07 Quality Control 11.7 149.9 200.8 0.1 100.8 10.93 6.79 752.3 51.6
5/16/07 Routine 145 122 147.7 195.6 0.1 89.2 957 6.82 0.167 160 49 <0.25
5/16/07 Quality Control 140 66 <0.25
6/21/07 Routine 175 14.2 147.8 186.3 0.1 839 8.63 7.41 0.003348 270 10 <0.1 <0.1 <0.25
6/21/07 Quality Control <0.1 <0.1 <0.25
7/11/07 Routine 16.5 144 147.3 184.7 0.1 829 847 6.69 0.0076 920 66 <0.1 <0.1 0.35
8/20/07 Routine 20 14.7 170.6 208.5 0.1 643 6.53 1000 330 <0.1 <0.1 <0.25
9/25/07 Routine Field data lost 630 <1 <0.1 <0.1 <0.25
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NYH 1 — Nyhan Creek at Rhubarb Trail bridge

This secondary monitoring station is located adjate Tennessee Valley Road approximately
100 meters downstream of the confluence with Oakin@eek. All of Nyhan Creek
downstream of the monitoring station is locategawate lands.

Figure A-17. NYH 1, facing downstream at sampling point.
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Table 40. NYH 1 results, WY 2007.

Visit Date
Activity Type

11/20/06 Routine
11/20/06 QC
12/28/06 Routine
1/25/07 Routine
2/22/07 Routine
3/22/07 Routine
4/11/07 Routine
5/16/07 Routine
6/21/07 Routine
7/11/07 Routine
8/20/07 Routine

@ Air Temp (°C)

=

12
18
18.5
19
20.5

H20 Temp (°C)

Conductivity (uS/cm)

330.3
331.0
143.8
253.1
167.2
266.3
232.5
340.4
408.0
413.5
452.8

Specific Conductance (uS/cm)

431.9
432.1
204.4
389.5
230.6
366.2
313.5
434.5
486.7
503

515

g
c
5]
(=)}
2 2
= ©)
Qo hel
~ (3]
> =
£ 3
© R%)
n [a)
0.2 1123
0.2 1124
0.1 994
0.2 95.2
0.1 984
0.2 937
0.2 88.6
0.2 937
0.2 812
0.2 927
0.3 86.1
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Dissolved Oxygen (mg/L)

11.93
11.94
11.38
11.65
10.94
10.37
9.67
9.71
7.91
9.17
7.97

pH

7.58

7.38
7.86
6.81
7.36
7.20
7.14
7.88
7.42
7.21

Discharge (cfs)

1.01
0.02
1.18
0.140
0.093

Total Coliform QuantiTray

(MPN/100mL)

\A
N
D
o
o

520

TotalColiform Idexx Quantitray

(MPN/100mL)

>2419
16000
870
1000
>2419
10000

FecalColiform (MPN/100mL)

Ecoli QuantiTray (MPN/100mL)

>2400

290

Ecoli Idexx Quantitray

(MPN/100mL)

>2419
3100
180
170
2400
160

Ammonia as N (mg/L)

A
©
=

<0.1

Nitrate as N (mg/L)

A
o
S

<0.1

®© TKN (mg/L)

o

<0.25



OAK 1 — Oakwood Creek

This secondary monitoring station is located appnately 75 meters upstream of the
confluence with Nyhan Creek. Oakwood creek runaajt to the Oakwood Valley Trail then
adjacent to Tennessee Valley Road for approxim&@lymeters before it flows through a
culvert under the road and joins Nyhan Creek. Tkelcis typically dry between September and
November.

Figure A - 18. OAK 1 during “normal” flow conditions.

104



Table A - 13. OAK 1 results, WY 2007.

Visit Date
Activity Type

11/20/06 Routine
12/28/06 Routine
1/25/07 Routine
2/22/07 Routine
3/22/07 Routine
4/11/07 Routine
5/16/07 Routine
6/21/07 Routine
7/11/07 Routine

Air Temp (°C)

=
o
o

N
0

115
145
20

17.5

H20 Temp (°C)

13

©
w

10.2
11.8
11.3
12.9
14.2
14.6

Conductivity
(uS/cm)

315.3
140.6
194.6
140.3
190.3
204.9
247.9
327.9
338.9

538 §
409.0 0.2
200.6 0.1
2919 0.1
195.7 0.1
254.8 0.1
2778 0.1
3226 0.2
413.6 0.2
423.5 0.2
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Dissolved Oxygen

(%)

88.6
96.1
91.9
93.7
90.4
83.4
81.2
18.0
3.4

Dissolved Oxygen
(mglL)

= ©
=W
o P
o

10.97
10.54
9.78
9.14
8.65
1.85
0.37

6.48
6.92
7.01
6.43
6.41
6.53
6.53
6.39
5.85

Discharge (cfs)

o
~
w

1.05

0.131
0.083
0.029

Iotal Coliform
QuantiTray

>2400

650

(MPN/100ml )
TotalColiform

Idexx Quantitray
(MPN/100mL)
FecalColiform

548
204
420
200
160

(MPN/100mL)

2]
a1

Ecoli QuantiTray
(MPN/100mL)
ECOoll 1aexx
Quantitray

0

236
41
15

(MPN/100mI )

Nitrate as N (mg/L)

S Ammonia as N

A
A
o
=

<0.1 <0.1

® TKN (mgL)

o

<0.25



RC 1 - Rodeo Creek

This primary monitoring station is located on Ro@&eek approximately 420 meters upstream
of the Gerbode Creek confluence and approxima@lyrbeters upstream of Rodeo Lake. Rodeo
Creek runs adjacent to Bunker Road in the Marinditeals of GOGA.

Figure A -19. RC 1 staff plate.

106



Table A - 14. RC 1 results, WY 2007.
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S < 2 T S N S a a £ & f2 Lo &2 o 4 & =z ¥
11/20/06 Routine 16 11.7 187.3 251.1 0.1 89.9 9.76 6.88 0.15 1700 13 0.8
12/28/06 Routine 7.5 8.6 135.8 197.9 0.1 94.3 11.03 6.89 1.75 1700 28 <0.1 0.34 0.8
1/22/07 Routine 115 6.6 97.1 149.7 0.1 108.8 13.36 6.98 0.38 980 11 <0.1 0.13 <0.25
2/21/07 Routine 10.5 143.0 198.0 0.1 96.1 10.72 6.89 1.14 1400 1413.61 35 110.61 <0.1 <0.1 <0.25
2/21/07 Quality Control 2000 38 <0.1 0.06 <0.25
3/21/07 Routine 10.1 152.8 213.9 0.1 88.1 9.93 6.53 0.612 2400 219.82 37 40.77 <0.25
3/21/07 Quality Control 2400 38 <0.25
4/9/07 Routine 145 11.2 162.9 221.1 0.1 91.5 10.04 6.99 0.451 1400 169.13 19 2491 <0.1 <0.1 <0.25
4/9/07 Quality Control 1300 169.40 33 10.00 <0.1 <0.1 <0.25
5/16/07 Routine 13 10.8 170.1 233.4 0.1 79.7 8.86 6.55 0.133 400 70 <0.25
6/21/07 Routine 16 12.1 176.0 233.3 0.1 66.3 7.12 7.46 0.007 290 19 <0.25
7/11/07 Routine 16 134 180.6 231.9 0.1 62.7 6.55 6.46  0.0295 170 43 0.28
8/20/07 Routine 16 13.7 190.9 243.6 0.1 53.5 5.53 6.35 1600 1100 <0.1 <0.1 <0.25
8/20/07 Quality Control 13.6 190.9 243.9 0.1 53.6 5.57 6.38 840 650 <0.1 <0.1 <0.25
9/25/07 Quality Control 140 31 <0.1 <0.1 <0.25
9/25/07 Routine Field data lost 280 120 <0.1 <0.1 <0.25
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GERB 1 - Gerbode Creek

This primary monitoring station is located on Getbé&reek adjacent to the Rodeo Valley Trail
approximately 300 meters upstream of the conflueviteRodeo Creek. Gerbode Creek has
dense vegetation along its banks and across itebirately downstream of the sampling point,
the creek flows through a culvert under the t@éd. During the summer months, an orange
substrate is commonly seen on the creek bottonu(&igo).

Figure A - 20. GERB 1, April 2008.
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Table A - 15. GERB 1 results, WY 2007.

— > —_
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11/20/06 Routine 16 11.6 1554 208.3 0.1 103.8 11.30 6.69 0.16 1700 7 <0.25
12/28/06 Quality Control 8.5 104.3 152.2 0.1 93.2 10.90 6.79 >2400 54 <0.1 052 0.8
12/28/06 Routine 8.5 104.8 152.9 0.1 93.6 10.93 6.78 2.27 2400 50 <0.1 0.27 04
1/22/07 Routine 16 6.1 74.7 117.3 0.1 111.0 13.81 6.75 040 550 20 <0.1 <0.1 <0.25
1/22/07 Quality Control 6 74.6 116.9 0.1 111.3 13.86 6.79
2/21/07 Routine 10.8 1141 156.8 0.1 94.9 10.52 6.38 183 1700 510 28 4195 <0.1 <0.1 <0.25
2/21/07 Quality Control 10.7 1141 156.9 0.1 94.9 10.53 6.38
3/21/07 Routine 10.1 118.8 166.1 0.1 97.0 10.92 6.27 0.527 2400 201 19 17.31 <0.1 <0.1 <0.25
3/21/07 Quality Control 10.1 118.8 166.0 0.1 96.7 10.88 6.37
4/9/07 Routine 13 11.5 128.0 172.30 0.1 91.8 9.97 6.48 0.404 1300 312.3 64 81.62 <0.1 <0.1 <0.25
4/9/07 Quality Control 115 1279 1723 0.1 91.2 9.95 6.46 268.6 74.50 <0.1 <0.1 <0.25
5/16/07 Routine 12 11 122.3 166.8 0.1 82.2 9.07 6.48 0.323 420 55 <0.1 <0.1 <0.25
6/21/07 Routine 13 12.4 123.1 162.2 0.1 83.8 8.97 0.194 >2400 2400 <0.1 <0.1 <0.25
7/11/07 Routine 16 13.5 124.2 159.1 0.1 82.8 8.62 0.0757 85 20 <0.1 <0.1 0.38
7/11/07 Quality Control 13.5 124.1 158.9 0.1 83.0 8.64 6.60 220 120 <0.1 <0.1 0.30
8/20/07 Routine 16.5 139 136.5 173.0 0.1 75.0 7.82 6.57 710 10 <0.1 <0.1 <0.25
9/25/07 Routine Field sheet missing 310 <1 <0.1 <0.1 <0.25
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FRA 1 — Franklin Creek

This primary monitoring station is located withishi Muir National Historic Site immediately
before Franklin Creek flows outside the JOMU préyerhe portion of Franklin Creek within
the Monument is approximately 150 meters long. KarCreek flows into Alhambra Creek
approximately 200 meters outside of the Monument.

Figure A-21. FRA 1, April 2008.
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Table A - 16. FRA 1 results, WY 2007.

S 5 5 - 3
s 2 = 2 2 2 £ 2¢ 23 &2 z Z =
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[ = = E 2_ 8. & 3 2 5 3238 g8 53 S8 5788 ¢ g8 B

S 2 § ¢ 3§ £2§ 2 ¢ 22 g OFS 85 05 OS5 =£5 &85 g &

G 3 - & 52 254 % 4z %2 p 2 £8% £8% g% 3% g1 £p £ 2
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11/30/06 Routine 12 7.3 804 1213 0.6 109.0 13.01 8.20 0.37 2000 99 1.15 <03
11/30/06 Quality Control 7.3 801 1209 0.6 111.8 13.42 8.21 2000 120 117 04
12/27/06 Routine 9.6 10.4 543 753 0.4 97.1 10.81 7.89 0.70 >2400 2400 <0.1 1.02 17
12/27/06 Quality Control 10.4 546 759 0.4 96.6 10.81 7.90 >2400 1600 <0.1 1.04 21
1/31/07 Routine 9.8 867 1220 0.6 112.5 12.87 8.14 340 313 70 77 <0.1 0.90 <0.3
1/31/07 Quality Control 9.4 858 1221 0.6 112.3 12.81 8.14 580 93 <0.1 0.95 <0.3
2/28/07 Routine 9.5 692 983 0.5 93.6 10.68 7.95 0.67 >2400 >2419 460 387 <0.1 1.04 <0.25
2/28/07 Quality Control 9.4 708 1008 0.5 93.4 10.66 7.96 >2400 580 <0.1 1.04 <0.3
3/28/07 Routine 125 10.6 877 1208 0.6 86.8 10.17 8.02 0.218 >2400 >2419 100 178 <0.1 91 <0.25
3/28/07 Quality Control 10.6 879 1210 0.6 92.7 10.2 8.02 1600 731 150 202 <0.1 91 <0.25
4/25/07 Routine 135 126 984 1289 0.6 85.5 9.10 7.77 1120 62 49 <0.1 .84  <0.25
4/25/07 Quality Control 125 978 1286 0.6 85.0 9.11 7.77 870.9 30 31 <0.1 .84  <0.25
5/23/07 Routine 235 136 1113 1423 0.7 64.5 6.40 7.78 2400 300 <0.1 1.95 <0.25
5/23/07 Quality Control 13.7 1117 1424 0.7 64.6 6.41 7.77 2400 350 <0.1 19 <0.25
6/25/07 Routine 185 149 1158 1435 0.7 44.6 4.67 8.01 0 13000 220 <0.1 1.8 <0.25
6/25/07 Quality Control 14.8 1177 1464 0.7 47.7 4.83 >24000 210 <0.1 1.8 <0.25
6/25/07 Quality Control 155 1188 1450 0.7 42.5 >2419 150
6/25/07 Quality Control 15.3 1186 1456 0.7 44.6 4.51
6/25/07 Quality Control 14.9 1178 1461 0.7 47.1 4.84 8.01
6/25/07 Quality Control 15 1181 1460 0.7 48.0 4.96 8.02
6/25/07 Quality Control 15 1179 1457 0.7 46.2 4.65 8.03
6/25/07 Quality Control 15.2 1183 1461 0.7 45.0 4.56 8.01
7/25/07 Routine 225 17.8 1297 1495 0.8 87.9 8.29 796 0 12000 1100 <0.1 1.30 <0.25
7/25/07 Quality Control 18 1296 1495 0.8 88.5 8.35 7.96 9800 1500 <0.1 1.3 <0.25
8/29/07 Routine 255 171 1311 1544 .8 72 6.91 <0.1 1.84 <0.25
8/29/07 Quality Control 17.1 1312 1544 .8 <0.1 1.84 <0.25
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CHA 3 — Chalone Creek Mainstem

This secondary site is the northernmost SFAN maonigostation in Pinnacles National

Monument.

No photo available.

Table A-17. CHA 3 results, WY 2007.
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1/24/2007 Routine 22 6 270.9 327.4
2/21/2007 Routine 14 9.8 2849 316.1
3/26/2007 Routine 23 134 7.2 74.6
4/30/2007 Routine 29 16.5 351.8 343.7

Salinity (ppth)

N NN

Dissolved Oxygen (%)

g U1 0o N
NN © ®
N B N
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(o]
3 Dissolved Oxygen (mg/L)

o e
o ©
-

5.08

6.97
6.59
6.67
6.11

Discharge (cfs)

Total Coliform QuantiTray

(MPN/100mL)

2000
1732.9
920

—_
=

> —

a

g £ 3

tEg =z £

SE & z

S Q © (%]

og = ©

:2 o Q

8 & = g

w < < Z

<1 <0.1 <0.1

7.5 <0.1 <0.1
28 <0.1 <0.1

TKN (mg/L)

<0.25
.37
.74



CHA 2 — Chalone Creek at Bear Gulch Bridge

CHA 2 is a primary monitoring station located ona@ime Creek upstream of the confluence
with Bear Gulch. This site was frequently dry dgrthe 2007 water year so the sampling
location was moved upstream that has flow duriggeater portion of the year. The station has
remained upstream of Bear Gulch.

Figure A-22. CHA 2.

Table A - 18. CHA 2 results, WY 2007.

2 2
— o | —

s 3 g E E 2 .

s g S 5 g > E 2
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6/25/2007 Routine 27 165 4852 4720 .3 663 6.47 6.72 1700 20 <0.1 <0.1 <0.25
7/26/2007 Routine 19 16.4 491.6 4782 .3 623 6.09 6.92 2000 26 <0.1 <0.1 <0.25

8/23/2007 Routine 24 17.1 500 481 3 55 545 6.99 >2419 110 <01 <0.1 .37
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CHA 1 - Chalone Creek at Pinnacles boundary
This primary monitoring station is located downatreof the Bear Gulch and Sandy Creek
confluences with Chalone Creek.

Figure A - 23. CHA 1 at high flow conditions.
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Table A - 19.

Visit Date

1/24/2007
2/21/2007
2/21/2007
3/26/2007
3/26/2007
4/30/2007
5/21/2007
6/25/2007
7/26/2007
7/26/2007

Activity Type

Routine
Routine
QC

Routine
QC

Routine
Routine
Routine
Routine

QcC

88N
o o o Air Temp (°C)

25.5
25.5
26
26
30.5
35
21

6o
N o o H20 Temp (°C)

16.7
16.7
17.6
19.2
22.1
23.4
16.5

CHA 1 results, WY 2007.

— [0}

€ e

Q2 8

2 5

= O

s £F

2 g3

§ &%
432.2 4498
4743 472.6
4475 443.3
576 500
516 500
593 565
634 586
690 606
712 616
491 477.4

WhrDMWWNMNDWWW

Salinity (ppth)

Dissolved Oxygen (%)

43.2
34.6
331
49.8
99.6
39.8
44.9
37.4
42.6
61.7
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Dissolved Oxygen (mg/L)

w A
o))
~N B~

3.33
4.84
4.81
3.8

4.14
3.32
3.59
6.02

pH

6.9

6.53
6.50
6.67
6.62
6.4

6.50
6.42
6.48
6.98

Discharge (cfs)

o
@
©

317
374
.156
.028
011

Total Coliform QuantiTray

(MPN/100mL)

180
140
>2419
>2419
390
160
390
1800
1700

E. coli QuantiTray

(MPN/100mL)

14.6
16.9
200
58
6.3
610
16

Ammonia as N (mg/L)

Nitrate as N (mg/L)

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

TKN (mg/L)

<0.25
<0.25
.33
.40
.38
.27
.35
.36
<0.25



BG 2 — Bear Gulch
This primary monitoring station is located on B&arch behind the Pinnacles Bear Gulch
Visitor Center.

Figure A-24. BG 2.
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Table A - 20. BG 2 results, WY 2007.

Visit Date

1/24/2007
2/21/2007
3/26/2007
4/30/2007
5/21/2007
6/25/2007
6/25/2007
7/26/2007
8/23/2007

Activity Type

Routine
Routine
Routine
Routine
Routine
Routine
QC

Routine
Routine

Air Temp (°C)

e
©

14
16
155
25
25.5
17
21

H20 Temp (°C)

12.2
14.1
14.7
14.6
16.2
16.6

=N
& & .
> o conductivity (uS/cm)

2211
243.9
275.1
301.4
301.8
313.8
326.7

Specific Conductance

(uS/cm)

251.6
155.1
233.4
257.7
279.9
303.8
303.8
308.4
317.2

Salinity (ppth)

NN N NN R RN
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Dissolved Oxygen (%)

© ©
© o
©

92.2
70.1
29.9
35.8
34.7
32.4
32.2

Dissolved Oxygen (mg/L)

9.77

I
o

10.56 6.68

9.98
7.52
3.08
3.63
3.50
3.2

3.14

6.85
6.37
6.45
6.48
6.50
6.54
6.92

Discharge (cfs)

143

.01
.01

Total Coliform QuantiTray
(MPN/100mL)

27
980.4
1700
>2419
2400
1400
>2419
>2419

o

E. coli QuantiTray

(MPN/100mL)

<1

13
68
110
88
25
16

Ammonia as N (mg/L)

Nitrate as N (mg/L)

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

S
N TKN (mg/L)

w hw
N Ol

<0.25
.25
<0.25
27



SC 3 - Sandy Creek

This secondary monitoring station is the furthgsitrteam station on Sandy Creek. Sandy Creek

is in an area of Pinnacles National Monument theg acquired in 2006 and is not enclosed in
the pig exclusion fence. The station is located t@xhe Pinnacles campground dumpstation.

No photo available.

Table A - 21. SC 3 results, WY 2007.

Visit Date

1/24/2007
2/21/2007
3/26/2007
4/30/2007
5/21/2007
5/21/2007
6/25/2007
7/26/2007
8/23/2007

Activity Type

Routine
Routine
Routine
Routine
Routine
Quality Control
Routine
Routine
Routine

Air Temp (°C)

14
13
19.5
24
21.5
21.5
26.5
23
25.5

H20 Temp (°C)

[ )
o O
» ©

15.6
16.6
16.6
19.1
19.7
20.2

61
60
753
749
749
748
752
743
7380

~ 7 Conductivity (uS/cm)

Specific Conductance (uS/cm)

69
659
747
741
727
725
698
683
6710

w
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Salinity (ppth)

PR
© ©
o — Dissolved Oxygen (%)

116.5
84.9
85.1
85.9
82.6
92.9
84

Dissolved Oxygen (mg/L)

T
o

13.85 8.06
12.54 7.82
11.64 7.97

8.43
8.36
8.34
7.62
8.47
7.57

7.77
7.88
7.88
7.75
7.86
7.97

2
1
A
.251
.094
.094
.021
.059
.033

N $ 8 Discharge (cfs)

Total Coliform QuantiTray

(MPN/100mL)

5
488.4
1600
1200
920
2400
1700
>2419

[e]
o

E. coli QuantiTray

(MPN/100mL)

52
8.6
580
66
86
490
120
220

Ammonia as N (mg/L)

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

Nitrate as N (mg/L)

<0.1
<0.1

14
12
12

S
N TKN (mg/L)



SC 2 — Sandy Creek

This secondary monitoring station is located oload channel of Sandy Creek. The Pinnacles
campground stretches from the upstream monitoitegSC 3 to this site. There is also a
residential inholding located near this monitorstgtion. This station would only be connected
to the other Sandy Creek or McCabe Canyon monggites under extremely high flow
conditions.

No photo available.

Table A - 22. SC 2 results, WY 2007.

- g
-~ 3 g £ e J
IS c ~ ~ @ (o] —
s =z 5 5 s # E 3
— n o i ~
s £ 2 3 2z £ £ 2 gz 5z z £
g e T =z § B & ¢ S 58 EE 8 =z o
2 g o £ z O s 3 3 5 58 38 9 )
g > E 2 S &8 z = =2 s 03 29 5 g E
{2 2 " Q 2 83 = 2 2 5 ®S& 8& E G z
o I3 = « S Q ‘g_ < X 0 T 2 5 s .S I E=] <
> < < T O n= 0 [a) o) o o) =< w = < b -
1/24/2007 Routine 22 47 610 756 .5 597 785 7.15
3/26/2007 Routine 21 144 790 799 5 434 454 697 1299.7 5475 <01 <0.1 .56
4/30/2007 Routine 285 155 821 827 5 235 23 672 2800 1100 <01 <0.1 .62
5/21/2007 Routine 255 177 900 900 .5 289 273 691 770 53 <01 <01 .65
6/25/2007 Routine 31 268 953 778 6 429 35 7 5400 75 57 <01 1.1
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SC 1 - Sandy Creek
This primary monitoring station is the furthest dmtream station on Sandy Creek before the
confluence with Chalone Creek.

No photo available.

Table A - 23. SC 1 results, WY 2007.

3 g

= 3 g £ = a
5 5 5 5 s » 2 2
2 s £ S é s % £ z co £o 2z E
9 S < =2 £ 8 & % 3 s 2F 58 & =
g > E & % gz z £ ¢ £ 8% o9 5
= = [ o) B gL E 2 2 S i S % IS ®
= g T f 8§ 62§ 5 5 E & 22 uz & 2

1/24/2007 Routine 27 8.9 640 725 5 130.1 15 8.28 .299

2/21/2007 Routine 16 12.7 684 715 4 96.9 10.23 8.06 .339 1600 56 <0.1 <0.1
3/26/2007 Routine 36.5 18.6 769 720 4 103.8 9.68 8.09 .280 >2419 88.8 <0.1 <0.1
4/30/2007 Routine 31.5 19.2 778 721 4 92.6 8.53 7.94 .137 3200 130 <0.1 <0.1
4/30/2007 Quality Control 31 19.3 778 719 4 94.0 8.65 7.94 137 >2419 100 <0.1 <0.1
5/21/2007 Routine 30 22 832 734 4 89.8 7.84 7.90 .039 6400 72 <0.1 <0.1
6/25/2007 Routine 32.5 27.1 948 770 4 80.6 6.40 7.77 23000 980 <0.1 <0.1
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TKN (mg/L)

.38
71
.63
.53
.48
11



MC 1 — McCabe Canyon
This primary monitoring site is located in McCaban@on a few meters upstream of the
confluence with Sandy Creek. There is a resideegéto this monitoring site.

No photo available.

Table A - 24. MC 1 results, WY 2007.

z
g
E! J gz
‘q')’ = <) = o —
= o S S = = =
1S = ~ ~ < ~ =) —
s £ 5 g 5 7 E 3
— n o hd ~
c & 2 2 2 % % 2 e £ zZ £
g & T =z 5 & &6 ©o S 58 £ & =z =
Q 2 o £ 2 © g 2 2 g =8 = 8 @ >
B > E & 5 g > £ 2 5 oo 2 % ° £
5 : © o T 8 £ § 3 £ 52 8 £ & =
[ © = N o % < R 0 T 2 = . IS E= >
> < < I O n (7] [a) [a) o [a) =< w < =4 =
1/24/2007 Routine 19 7 2135 251.6 .2 80.8 9.77
2/21/2007 Routine 5 8.6 1356 1551 .1 89.9 1056 6.68 .143 270 <1 <01 <0.1 <0.25
3/26/2007 Routine 14 122 2211 2334 .1 922 998 6.85 980.4 63 <01 <01 .35
4/30/2007 Routine 16 12.2 2439 257.7 .2 70.1 752 6.37 .01 1700 13 <0.1 <0.1 42
5/21/2007 Routine 155 14.1 2751 279.9 .2 299 308 645 .01 >2419 68 <01 <01 .3
6/25/2007 Routine 25 147 301.4 303.8 2 358 3.63 6.48 2400 110 <0.1 <0.1 <0.25
6/25/2007 QC 255 14.6 301.8 303.8 .2 34.7 3.50 6.50 1400 88 <0.1 <0.1 .25
7/26/2007 Routine 17 16.2 313.8 3084 .2 324 3.2 6.54 >2419 25 <0.1 <0.1 <0.25

121






The Department of the Interior protects and man#yesation’s natural resources and cultural hgeitprovides scientific and
other information about those resources; and hatospecial responsibilities to American IndiaAkska Natives, and
affiliated Island Communities.

NPS D-58, February 2009



National Park Service
U.S. Department of the Interior

Natural Resource Program Center
1201 Oakridge Drive, Suite 150
Fort Collins, CO 80525

WWWw.nature.nps.gov

EXPERIENCE YOUR AMERICA ™



