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SPECIAL STUDY NO. 2 FINAL REPORT:
PHOSPHORUS REMOVAL
EFFECTIVENESS OF PRFS

INTRODUCTION

The Cherry Creek Basin Water Quality Authority (Authority) is charged with managing the
water quality of the Upper Cherry Creek Basin, with a focus on controlling phosphorus
inputs to Cherry Creek Reservoir which could adversely impact the quality of the reservoir
and its aquatic resources. To that end, the Authority currently encourages local land use
entities in the Upper Cherry Creek Basin to construct phosphorus reduction facilities (PRFs),
which include structural best management practices (BMPs). Measured phosphorus
reductions in these facilities allow local land use agencies to receive credit for the removal
of this phosphorus from the basin. However, it is not known if the credit system currently
in use for PRFs is accurate, due to the potential phosphorus flow out of these facilities

related to seepage to the underlying ground water.

Special Study No. 2 was designed to evaluate if there are significant phosphorus losses out
of the PRFs into the underlying ground water that are then reaching Cherry Creek Reservoir,
yet credit is being given for the removal of this phosphorus in the PRF.

Previous studies have shown that PRFs will remove phosphorus and other nutrients from the
surface water through the detention of the surface flows and subsequent removal through
sedimentation and/or plant uptake. However, there is the potential that a portion of the
phosphorus removed by these PRFs through the detention of surface water is not
permanently removed, but is allowed to infiltrate into the ground water, thereby escaping
the PRF and ultimately reaching Cherry Creek Reservoir. This is related to dissolved

phosphorus in the water.

Lytle Water Solutions, LLC (LWS) was retained by the Authority in 2005 to conduct
Special Study No. 2 to evaluate the issue of phosphorus removal efficiency at three different
PRFs located in the Upper Cherry Creek Basin. To evaluate this issue, it was necessary to
monitor the phosphorus loads in the ground water upgradient of the existing PRFs and the
phosphorus load in the ground water downgradient of the PRFs, then to assess the amount

of phosphorus load contributed by the PRF to the local ground water table at each site. In
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addition, it was originally planned to evaluate the mass balance of the PRF related to surface
water flows to estimate the total mass load being removed by the PRF and compare it to load
contributions to the underlying ground water. However, based on the sites ultimately chosen
for this study (which will be discussed in a subsequent section), it was difficult to get an

accurate assessment of surface water flows at these sites.

In addition, an attendant issue evaluated by LWS as part of this study is the even mean
concentration (EMC) for storm events upstream of the PRFs being monitored. This included
the collection of eight storm event water quality samples during the course of the study for
calculation of the EMCs. While EMCs are typically calculated as flow-weighted
concentrations over the duration of the storm, the Authority’s Technical Advisory
Committee (TAC) decided to collect just one composite sample from each storm event at
each PRF. Therefore, while these data are reported as EMCs, the methodology typically
used to determine EMCs was not followed for this study at the request of the TAC.

This report details the selection of the PRF sites, installation of the monitoring equipment,
and the results of the PRF study, as well as the results of the EMC sampling.

PROJECT APPROACH

Originally, three separate PRF sites in the Upper Cherry Creek Basin were identified by the
Authority to be used for this special study. The sites were located in different areas of the
basin and were reflective of different PRF technologies. These three sites included the

following:

. Cottonwood-Peoria Pond: A large, extended detention basin (EDB) that the

Authority currently monitors for phosphorus reduction.

. Pond L-3: A detention basin operated by the Arapahoe County Water and
Wastewater Authority (ACCWA).

. On-Site Upland Area BMP: This was identified as possibly an EDB serving a
development in Greenwood Village at a site located in the nearby Lone Tree Creek

watershed.
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Subsequently, the Authority was unable to obtain permission from the owners of Pond L-3
to use this site for the special study. Therefore, the Long Meadows Wet Detention Pond and
the Burt-Kuni Car Dealership EDB in Centennial were selected for evaluation as possible
replacement sites. However, the Long Meadows site was found to be inaccessible because
the development had progressed to the point where physical access was difficult, requiring
special drilling equipment. The owners of the Burt-Kuni site could not be contacted, despite
the efforts of several parties. Several other sites were then also considered, but difficulties
associated with access and owner approval caused delays in the selection of the final PRF

sites.

Almost a full year passed before the Authority was able to secure clearance to set up
monitoring at three select sites. The sites that were ultimately chosen included the
Cottonwood-Peoria Pond, the Trimark EDB, and the Inverness Pond, and Figure 1 shows

the locations of these study sites.

Site 1is the Cottonwood-Peoria Pond, a large, enhanced EDB complete with constructed
wetlands and located on Cottonwood Creek at Peoria Street (Figure 1). This is one of the

sites that the Authority currently monitors for phosphorus reduction.

Site 2 is the Trimark EDB, also located on Cottonwood Creek at Peoria Street, but just south
of the Cottonwood-Peoria Pond (Figure 1). This site contains a concrete trickle channel that
frequently overtops after storm runoff and is a good example of a standard EDB in the

Denver metropolitan area.
Site 3 is the Inverness Pond, located at the confluence of Tributary C and Cottonwood
Creek. This site is a good example of an enhanced BMP, since it contains a serpentine, low-

flow channel and wetlands in the bottom of the channel.

Based on receiving final approval for these PRF sites, Special Study No. 2 was initiated in
November 2006.
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MONITORING SYSTEM INSTALLATION

Once the PRF sites were selected, the first step was to establish the ground water monitoring
network at each of the PRFs. As part of the monitoring system installation, ground water
monitoring wells were installed and surface water flow measuring devices were established
at each of the PRFs.

Well Drilling and Completion

To evaluate potential phosphorus transport through seepage from the PRFs into the
underlying alluvial aquifer, two downgradient wells and one upgradient well were installed
at each site. In addition to these monitoring wells, one additional borehole was drilled at
each site to assist in defining the geologic conditions for the calculation of ground water
underflow. Test drilling was accomplished with a CME 75 hollow-stem auger rig operated
by Layne Christensen, Inc. Drilling began on November 14, 2006 and was completed on
November 22, 2006.

At each PREF site, four boreholes were drilled to define local geologic conditions, while only
three wells were completed at each site. Drilling logs were prepared as the boreholes were
advanced based on drill cuttings returned by the augers. This information was supplemented
with split-spoon samples recovered from specific depths in select holes where additional
information was needed to confirm inferred geologic descriptions. Although the split-spoon
samples were not a part of the original drilling program, this sampling was added to better
assist us with geologic descriptions of the subsurface materials. The geologic logs for the
Cottonwood-Peoria, Trimark, and Inverness sites are presented in Figures 2 through 4,

respectively.

At the completion of the drilling, three of the boreholes were completed as monitoring wells;
one well upgradient of the PRF site and two wells downgradient of the PRF site. In general,
each well was completed with 2-inch (in) diameter polyvinylchloride (PVC) casing and 20-
slot (0.020 in) PVC screen placed opposite the water-bearing intervals. The screened
interval was then gravel-packed with 10-20 mesh silica sand and this gravel pack extended
above the screened interval by at least 2 feet (ft). The gravel pack was then capped with a

bentonite clay seal and the remaining annular space was sealed with cement grout. Each of
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the monitoring wells was completed with a flush-mount valve cover box and a watertight,
locking j-plug. The well completion details of each of the monitoring wells at the
Cottonwood-Peoria, Trimark, and Inverness sites are shown in Figures 2 through 4,

respectively.

Well Development and Aquifer Testing

Once the monitoring wells had been installed, each of the wells had to be developed to clear
it of drilling fluids so that the well would yield essentially clear, sand-free water. Initial
development of the monitoring wells was accomplished by LWS field personnel using an air-
lift pumping device. Further development of all of the wells was accomplished with a
submersible pump. Development of the wells was continued until the discharge was essentially

clear and sand-free. Well development times typically ranged from one to two hours per well.

Following development, the submersible pump was used to conduct short-term pump tests at
each of the monitoring wells to determine aquifer hydraulic characteristics. Standard pump test
analytical evaluations were used to estimate aquifer hydraulic characteristics from each well.
Because of the difficulty in evaluating the aquifer pump test data due to the low flow rates that
could be achieved, at each site the aquifer hydraulic characteristics from the three pump tests
were assessed and weighted based on the geologic cross-section for the upgradient and
downgradient underflow section. A summary of the aquifer hydraulic characteristics used in

this study are shown in Table 1.

Surface Water Flow Gaging

As part of this special study, ISCO 6712C automatic water samplers equipped with a pressure
transducer (720 module) were used to measure surface water flows and to collect water quality
samples associated with storm events. The Cottonwood-Peoria Pond was already equipped
with an ISCO sampler, so new equipment installation was only required at the Trimark and
Inverness sites. Each of the new ISCO samplers were housed in a lockable shelter to protect
them from both weather- and vandalism-related damage and the pressure transducer was

routed into the stream channel inside a protective housing, as well.
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There was a continuous base flow at the Cottonwood-Peoria site throughout the course of the
study, while there was generally flow at the Inverness site, although there were short periods
with no flow. Conversely, the Trimark site was dry or had a very small base flow during the
course of the study. Average base flow at the Cottonwood-Peoria site was approximately 2 to
4 cfs, while average flow at the Trimark site was less than 0.1 cfs. Flows at the Inverness site
showed the most variability; however, there is some question regarding the accuracy of the
flow measurements at the Inverness site because every time there was a storm event, the trash
rack upstream of the culvert would fill with debris, thereby artificially inflating the depth of
water flow going into the culvert. Based on drainage areas, we would expect that runoff at the
Inverness site would be lower than at the Cottonwood-Peoria site. However, the flow data
indicated just the opposite; that is, generally higher flow conditions at the Inverness site than
at the Cottonwood-Peoria site. A summary of the surface flow data collected during the course
of this study is presented in Appendix B, along with monthly statistical data regarding
minimum and maximum instantaneous flows, as well as minimum and maximum daily flows

and average monthly flows.

Surface Water Quality Monitoring

At each of the monthly sampling events, if there was surface water flow either upgradient or
downgradient of the PRF, water quality samples were obtained for analysis of total
phosphorus, soluble reactive phosphorus, and total dissolved phosphorus. At the Cottonwood-
Peoria site, both upgradient and downgradient samples were obtained at every monthly site
visit, while at the Trimark site only one water quality sample was obtained during the entire
study period. At the Inverness site, water quality samples were also obtained from both the
upgradient and downgradient locations at each of the monthly site visits. A summary of the
surface water quality data obtained during the study period is presented in Appendix C, Tables
C-1, C-5, and C-9.

MONITORING PROGRAM

Once the monitoring wells were installed at the three PRF sites, the start of the water quality
monitoring program phase of the study was initiated. Based on our proposal, monthly water
quality samples were obtained from each of the nine monitoring wells and additional surface

water quality samples were obtained at each of the sites where there was visible surface flow.
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The monthly sampling program commenced in December 2006 and was completed in
November 2007.

In addition to the monthly sampling, part of the scope of work for Special Study No. 2 was to
develop EMCs for up to eight storm events at each of the PRFs. ISCO automatic water
samplers were set up at each of the PRF sites to obtain composite samples during each storm
event. Since GEI, Inc. (GEI) personnel routinely collected storm water samples at numerous
sites in the vicinity of Cherry Creek Reservoir (including the Cottonwood-Peoria Pond, which
is part of the study), LWS chose to subcontract GEI to collect the stormwater samples as part
of this study. Eight sampling events were obtained by GEI during the course of the study by
collecting 24 samples at 15-minute (min) intervals once the ISCO sampler was triggered,
thereby obtaining samples at different stages along the flood hydrograph for a total duration
of 6 hours (hrs). These samples were then composited into one sample and analyzed by the
GEI laboratory, as directed by the TAC. All of the water quality data collected as part of this
study are presented in Appendix C.

STUDY RESULTS

The principal focus of Special Study No. 2 was to evaluate the phosphorus removal
effectiveness of PRFs relative to the potential loss of phosphorus load to the underlying
alluvium that is currently being credited to the PRFs as phosphorus removal. A secondary
objective was the estimation of EMCs at the three PRF sites due to storm events which

occurred during the course of the monitoring period.

Phosphorus Loading

During the course of the study period from December 2006 until November 2007, 36 samples
were collected from the upgradient well and the two downgradient wells at each site. Each
ground water sample was analyzed for both total phosphorus and soluble reactive phosphorus.
If flow conditions allowed, surface water samples were collected at the upstream inlet and the
downstream outlet of each PRF. The surface water samples were analyzed for total
phosphorus, soluble reactive phosphorus, and total dissolved phosphorus. A total of 24
samples were obtained from the Cottonwood-Peoria and Inverness sites, while only 1 surface

water sample was obtained at the Trimark site. A summary of the water quality data obtained
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from both the ground water monitoring wells and the surface water monitoring sites are

summarized in Appendix C, Tables C-1 through C-3.

Generally, total phosphorus concentrations in the alluvial ground water were relatively low,
with an average total phosphorus concentration of 157 micrograms per liter (pg/L) upgradient
of the Cottonwood-Peoria site and a median concentration of 55 pg/L, and an average of 82
pg/L at the downgradient wells, with a median concentration of 23 pg/L. The Trimark site
had an average concentration of 61 pg/L and a median concentration of 36 pg/L upgradient
of the Trimark PRF, and an average concentration of 50 pg/L and a median concentration of
38 pg/L downgradient of the Trimark PRF. Upgradient of the Inverness site, total phosphorus
concentrations averaged 19 pg/L and had a median concentration of 17 pg/L. Downgradient
of the Inverness site, the average total phosphorus concentration was 20 pg/L and the median

concentration was 18 pg/L.

Phosphorus concentrations in the surface water samples were relatively consistent and were
also relatively low. For the Cottonwood-Peoria site, the average total phosphorus concentration
was 64 pg/L, while the average phosphorus concentration at the Inverness site was 58 pg/L.
There were differences between total phosphorus and total dissolved phosphorus
concentrations which indicated some particulate load in the surface water, ranging from 4 to
115 pg/L at the Cottonwood-Peoria site and from 7 to 93 pg/L at the Inverness site. Since most
of the sampling was done under base flow conditions, the small variation between total
dissolved phosphorus and total phosphorus concentrations was expected. The larger particulate
concentrations were observed during the higher flow periods. More surprisingly, the variation
between the total dissolved and total phosphorus concentrations in the storm samples collected

by GEI had similar particulate concentrations.

Using the water level data and water quality sample data collected during our monthly
samplings, we were able to construct a ground water mass balance at each of the PRF sites to
evaluate whether there are significant losses of phosphorus from the PRFs to the underlying
ground water, which would then move downgradient and eventually reach Cherry Creek
Reservoir. To calculate the underflow at each of the PRF sites at both an upgradient and a
downgradient location, geologic data from the drilling program were used to construct a
geologic cross-section at each site. These cross-sections are presented in Appendix D. The

saturated cross-sectional area at each location was then determined during the monthly
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sampling based on the water levels being measured at the monitoring wells. Aquifer hydraulic
characteristics were developed during the testing phase of the monitoring program and these
parameters were then input to Darcy’s law to estimate the underflow. The hydraulic gradient
was estimated based on water level elevations at the upgradient and downgradient wells at each

site.

The expected phosphorus loads that would be lost to the underlying alluvium are the result of
two mechanisms, (a) the vertical hydraulic conductivity of the sediments in the PRF which
would allow the vertical movement of water from the PRF to the underlying alluvial aquifer
and (b) the physical capability of the alluvial aquifer to transmit water downgradient through
the aquifer system. While the vertical hydraulic conductivity of the sediments at each of the
PRF sites cannot be measured directly, it is expected that these values would be in the range
of 1 x 10° to 1 x 10 ft per day, based on the types of soils present at these facilities. Given
these expected vertical hydraulic conductivities, the rate of vertical flow from the PRFs to the
underlying ground water is expected to be very low (on the order of a few gallons per minute
(gpm)). Losses would be expected to be even less at the Trimark site, as there is typically no
driving head to move water into the underlying sediments, except under extreme storm event
conditions. Ground water underflows, once in the alluvial aquifer, are also very low. Darcy
underflow calculations indicate flows in the range of approximately 5 to 15 gpm at the various
PRF sites. Because of these relatively low flow conditions and attendant relatively low

phosphorus concentrations, the estimated loads being lost from these PRFs is quite minimal.

Figures 5 through 7 show the phosphorus load change from the upgradient monitoring well to
the downgradient monitoring wells at each of the PRF sites studied. In these figures, a negative
value on the graph indicates that the phosphorus load actually decreased from an upgradient
location to a downgradient location, while a positive value indicated an increase in phosphorus
load from an upgradient location to a downgradient location. As Figure 5 shows, there is a very
consistent pattern, where the downgradient phosphorus load at the Cottonwood-Peoria Pond
is less than the upgradient phosphorus load, although the difference is so minor as to be
considered negligible. Similarly, Figure 6 shows the phosphorus mass balance at the Trimark
site, where there are several months where the downgradient load increases and several months
where the downgradient load decreases. Again, the differences in phosphorus loads are so
small as to be considered negligible. Similar results are shown in Figure 7 for the Inverness

site. In general, our conclusion is that there is essentially no exchange of phosphorus from
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these PRFs with the underlying ground water, as the results show such minimal change that
it is well within the error associated with the measurement of underflow and the analysis of

phosphorus concentrations.

A surface water mass balance could only be constructed at the Cottonwood-Peoria site, as there
was no way to measure the downstream flow at the Inverness site, due to the nature of the
EDB, and the Trimark site generally did not have surface flow at any of the monthly site visits.
As shown in Table C-1, Appendix C, there generally is phosphorus removal associated with
the Cottonwood-Peoria Pond. However, more detailed data regarding the removal rates from
this PRF are being recorded by GEI Consultants, Inc.

Because both the Cottonwood-Peoria and Inverness sites have a continuous free-water surface
associated with these PRFs, we have estimated the evaporative losses from these ponds. The
Cottonwood-Peoria site has a surface area of approximately 1 ac and it is estimated that the
average annual evaporative loss from this pond is 3.2 ac-ft. The Inverness Pond has a surface
area of approximately 0.6 ac, which would result in an average annual evaporative loss of 1.9
ac-ft.

Event Mean Concentrations

In addition to evaluating phosphorus removal effectiveness of the three PRFs chosen for this
study, the Authority also wished to develop EMCs for each of the sites. The ISCO automatic
water samplers were set up for this purpose and GEI obtained samples from eight storm events
at each of the three PRFs.

Typically, EMCs are calculated by collecting water quality samples throughout a storm event
and then weighting the results of these samples based on the flow that occurred when each was
sampled, thus providing a flow-weighted concentration. However, in light of the large number
of separate samples that would need to be processed and the significant costs associated with
their analyses, the TAC determined that the study would, instead, collect one composite
sample from each storm event. While this approach does not yield an EMC using standard
methodologies, it does provide a measure of the phosphorus concentration experienced in a

storm event.
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Each storm event sample was analyzed for total phosphorus, total dissolved phosphorus,
soluble reactive phosphorus, total nitrogen, total dissolved nitrogen, nitrate/nitrite-nitrogen, and
ammonia-nitrogen. A total of 24 samples was taken over the course of the study period from
eight different storm events at each of the three PRFs. A summary of these data are presented
in Appendix E, Table E-1. As expected, for some storms the difference between total
phosphorus and total dissolved phosphorus concentrations was larger for the storm events than
for the data collected during our monthly samplings, which primarily occurred during base
flow conditions. However, for some storm events, there was a relatively small difference
between total and dissolved phosphorus concentrations. At the Cottonwood-Peoria Pond,
particulate phosphorus averaged 150 pg/L, while particulate phosphorus averaged 130 pg/L
at the Trimark site and 87 pg/L at the Inverness site. Nitrogen concentrations at each of these
sites were generally higher than the phosphorus concentrations, with total nitrogen
concentrations being as much as an order of magnitude higher than total phosphorus

concentrations.

One interesting result of the storm event sampling was that the total phosphorus concentrations
were the largest by far at the Trimark site, even though the storm events were of very small
magnitude. While the average magnitude of the storm events at the Cottonwood-Peoria site
were 25 times larger than the events at the Trimark site, the phosphorus concentrations
observed during the storm events at the Trimark site were over twice as large as those observed
at the Cottonwood-Peoria site. This may be related to the land use above the Trimark site,
which is 100 percent residential and could be related to fertilizer being applied to lawns and

areas above the Trimark site.

For each of the PRFs, we estimated land use in the drainage area above the PRF using recent
aerial photographs of each drainage area. Table 2 summarizes the land uses above each of the
sites.

CONCLUSIONS AND RECOMMENDATIONS

Based on the data collected as part of Special Study No. 2, we would offer the following

conclusions and recommendations:
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(1)

)

)

(4)

At each of the PRF sites chosen for this study, the underlying alluvial ground

water system is limited in areal extent and in its ability to transmit water.

Phosphorus concentrations in both the surface water and the ground water at
these PRF sites were generally very low. There were a few exceptions, with
significantly increased phosphorus concentrations being observed infrequently
in the monitoring wells. It is unknown whether these increased phosphorus
concentrations represent actual spikes in concentration or whether they

represent anomalous, inaccurate data.

Estimation of upgradient and downgradient phosphorus loading in the alluvial
ground water indicates that there are no significant losses from these PRFs to

the underlying ground water.

Based on our evaluation of phosphorus loading data, we believe that the credit
that is given for the PRFs for phosphorus removal in the surface water is an

accurate means to provide credit for these PRFs.

LWS has appreciated the opportunity to conduct Special Study No. 2 for the Authority. If

anyone has questions, please do not hesitate to give the undersigned a call.

Bruce A. Lytle, P.E.

President
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TABLE 1
SUMMARY OF AQUIFER CHARACTERISTICS

Transmissivity Hydraulic
Site Location (epd/ft) Conductivity (epd/ft)

Cottonwood-Peoria upgradient 2,415. Y 22.

downgradient 27.
Trimark upgradient 3,155 33.

downgradient 34,
Inverness upgradient 4,470. 29.

downgradient 28.
1) Composite transmissivity values were used for upgradient and downgradient

locations. Separate hydraulic conductivity values were estimated based on

differences in aquifer saturated thicknesses at each location.



TABLE 2

SUMMARY OF LAND USES
PRF Land Use ” % of Basin "
Cottonwood-Peoria Residential 6.
Commercial 28.
Golf Course 6.
Open Space 60.
Trimark Residential 100.
Inverness Commercial 38.
Golf Course 10.
Open Space 52.

1) Estimated from recent aerial photography on Google Earth.
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CHERRY CREEK BASIN WATER QUALITY AUTHORITY

GEOLOGIC LOGS AND
WELL CONSTRUCTION DETAILS
INVERNESS POND SITE

File Name: InvernessPond.cdr Date: 01/02/2007

VAL

Project No.: 1052-05 __|Drawn By: Fig. No.. 4




— LyTLE WATER SOLUTIONS, LLDC

LOAD CHANGE FROM UPGRADIENT TO DOWNGRADIENT WELL
AT COTTONWOOD-PEORIA SITE
0.100
0.000
-0.100 -
—~ -0.200 A
o
£
8 -0.300 -
2
-0.400 -
Q
-0.500 -
TOTAL ESTIMATED ANNUAL CHANGE
-0.600 1 IN PHOSPHORUS LOAD IN
GROUND WATER = -1.9 Ibs
-0.700
Dec-06 Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07 Now07
TIME
Notes: CHERRY CREEK BASIN WATER QUALITY AUTHORITY
1) Positive values indicate an increase in phosphorus
load from an upgradient location to a downgradient GROUND WATER PHOSPHORUS
location; i.e. an input from the PRF, while negative MASS BALANCE
values indicate a decrease in phosphorus load.
2) Negative change in annual phosphorus load to COTTONWOOD-PEORIA SITE
ground water indicates a reduction in phosphorus File Name: GW_MassBal_Cot-Peoria.cdr Date: 02/29/2008
load downgradient of the PRF. Project No.: 1052-05 | DrawnBy: VAL _| Fig. No.. 5




— LyTLE WATER SOLUTIONS, LLDC

LOAD CHANGE FROM UPGRADIENT TO DOWNGRADIENT WELL

1) Positive values indicate an increase in phosphorus

location; i.e. an input from the PRF, while negative
values indicate a decrease in phosphorus load.

2) Positive change in annual phosphorus load to
ground water indicates an increase in phosphorus
load downgradient of the PRF.

load from an upgradient location to a downgradient

AT TRIMARK SITE

0.100

0.050 -

0.000 ,//\ N\\/ /\\_’_‘
_ -0.050 -
o
£
§ -0.100 ~
<
o -0.150 A
—

-0.200 ~

-0.250 ~

| | TOTAL ESTIMATED ANNUAL CHANGE
-0.300 1 F |N PHOSPHORUS LOAD IN
GROUND WATER = -0.3 Ibs
-0.350
Dec-06 Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07 Now-07
TIME

Notes: CHERRY CREEK BASIN WATER QUALITY AUTHORITY

MASS BALANCE
TRIMARK SITE

GROUND WATER PHOSPHORUS

File Name: GW_MassBal_Trimark.cdr

Date: 02/29/2008

Project No.: 1052-05 I Drawn By: VAL

Fig. No.: 6




— LyTLE WATER SOLUTIONS, LLDC

LOAD CHANGE FROM UPGRADIENT TO DOWNGRADIENT WELL
AT INVERNESS SITE

0.080 T
f TOTAL ESTIMATED ANNUAL CHANGE
0.060 | IN PHOSPHORUS LOAD IN
I GROUND WATER = 0.1 Ibs
— 0.040 ¢
g i
&  0.020
Q i
2 0.000 -+ ‘ ‘ >
o] :
= -0.020 |
-0.040 |
-0.060 +
Dec-06 Jan-07 Feb-07 Mar-07 Apr-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07 Now-07
TIME
Notes:

1) Positive values indicate an increase in phosphorus
load from an upgradient location to a downgradient | CHERRY CREEK BASIN WATER QUALITY AUTHORITY

location; i.e. an input from the PRF, while negative
GROUND WATER PHOSPHORUS

values indicate a decrease in phosphorus load.
2) Positive change in annual phosphorus load to MASS BALANCE

ground water indicates an increase in phosphorus

load downgradient of the PRF. INVERNESS SITE
3) January 2007 data point ommifted due to File Name: GW_MassBal_Inverness.cdr Date: 02/29/2008
anamalous flow data. Project No.: 1052-05 I Drawn By: VAL Fig. No.: 7




APPENDIX A
MONITORING HOLE ACKNOWLEDGMENTS



Y ehH

25

» 4
OWS-51 NOTICE OF INTENT TO CONSTRUCT MONITORING HOLE(S) Ok 09

BOENG4 Plonas typa or pnnt legibly In black ink ‘\; g
Colorado Division of Water Resources 1313 Shemman St-Rm 821 Denver CO 80203 m;,, an,,q
Phone 303-866-3581 Fax 303-866-35B9

Well Qwner's Nemeﬁwg_ﬂgw Locaton: NE % Sw) %, Secion 26 .

Landowners Neme Taucr ness Wesee Ann Swautanoes  Township _S NG Range 3 EXD _G™
County_HRAPAWOE

Mailing Address: (Authorized Individualior Drifter) Subdston M)A .

contact BgueE Lyn e Lot Bik _ .FR

Company S Lbas 5

Address _ G40 Plaza HE. #17o Site/Property Address

City, State, Zn I:Ir_n.mme-.h.s_ﬁ.ﬂur_n_r.m!é_
Phona 803 350-4 5690 Fax No. 303 3%0- Y 045 .

Hole(s) to be Congtroctedt! Numbar 5
CerTamMulonl

Estimsted Depth ~25 _FL Aguifer Ay s
Dritier Lic. No. (it applicable) L= g\ \355 Pumoge of Monitoring Hote(s) Stwhy 1o
MO ITPL. PHgSPHOZUWE Lepns

Approximate Dale of Construction W/ IYIO&

Autharizad Sgnatura

ACKNOWLEDGEMENT FROM STATE ENGINEER'S OFFICE

FOR OFFICE USE ONLY
46743 '
MH- PROCESSED BY
Div. __L_ WD /Y’ Bas MD DATE ACKNOWLENGED
) GROUND ELEV USGSE Map#

CONDITIONS OF MONITORING HOLE ACKNOWLEDGEMENT
A COPY OF THE WRITTEN NOTICE OR ACKNROWLEDGEMENT SHALL RE AVAILABLE AT THE DRILLING SITE.
WNotce was pravided to the Siats Erglnesr atleast 3 days prior to tonatruction of monltoring & chsearvation hatets).
Construction af the hela(s) must ke compiated within 80 days of tha data notice was given 1o ke State Englnosr.
Tasting and/or pumping shalf nat axceat a Lo of 200 hours uniass prior wiitan apprevai s obtained fram the State Enginear.
_l Walser divanad during tasting ghall fa) be ueed for beneficisl purposas. The ownar of the holas) ls responaibra for obtaining permil(s) and
camplying with 2|) rules and regulations perizining to the discharges of fluide praduced duting testing.
All work must eompiy with the Watae wWell Construation Rules, 2 CCR 402-2  Minimum construclion standards must be mat or
a varanpa oblained.

Wall Congbruction and Test Rapors (GWS-31) must be submitted to this offica by the llcensed contracter or authorkzed Indiuidual
within 80 days af tha camplatian of tha work,

Unlass a wall permit is obtainad, the hola(s) must be pluggad and saaled within ane (1) yaar sftar consiructipn, An Abgndonmant

Report (form GWS-8) must be submitied within 60 asys of plugging & sealing.

Tha ewnar of the hale(s) shouls Maintaln raceids of water quality Wating and submit ihiz dats to the Skte Englnesr uppn mguest

The monitoring ho!s Number, awner's stnictura nams, and nafe ewner's Reme and Addrass must be pravided on all well permit application(s), wal
conatuction and abandanment rapoits,

A monitaning noie cannot be converted to a praduction waler wall, excapt for pumosea of remadlatien {mcovery) or g8 a permanent dawataring
aystem, f constructad In accomdanca with the Water Wel) Construetion Rutas and pollsies of the Stata Enginear,

THIS ACKNOWLEDGEMENT OF NOTICE DOES NOT INDICAYE THAT WELL PERMIT(S) CAN BE ARPROVED.

Additiona! Cond#tions

- —




C
OwWs-5t NOTICE OF INTENT TO CONSTRUCT MONITORING HOLE(S) E’VED
o054 Please typa or print lagibly in black Ink NUV i 9
Colorado Division of Water Resources 1313 Sherman St-Rm 821 Danver CO 80203 | 006
Phone 303-886-3561 Fax 303-866-3589 r},;;g?‘{:uu&_ﬂ

]
wmOMManQmma;&ymaiﬁmu&ﬂagmumeuMWW1SE WME ¥ Secton I3
Landowners Name G emm woat MILL AL Townshlp S NQRange &7 &) &~
County e prevwoe

Mailing Address: (Authorized individustior Driller) Subtivision CRERENM rgEER Wisyd Su® (ST

Conmat Bruce bLyrie Lot , 8lk _Fyg

Company by bl nrme. Sauweriess
Address _Um PLAZA DR 8 13O0 Slie/Property Addross
City, Stats, Zip wpy Ram

Phone 30%-350-4050 ___ FaxNo. Zo3-3po~4095

Hole(s) to be Constructod: Numbar __ .

<o \M-o 3
Estimated Depth ~25 Fr Aquifer e

Drltiar Lie. No. (f applicable) _138S__ L W . Purpoze of Monltering Hole(s)_STuay Yo
ot CNosPnoRuy LOAGS |

Aggroximate Date of Construcion _\\ J IS {0

ACKNOWLEDGEMENT FROM STATE ENGINEER'S OFFICE

For DFFICE USE ONLY
46743
MH- PROCESSED By
Dv. __| WD X Bas MO DATE ACKNOWLEDGED /[0 Ko 7
CROUNDELEV _ _  USGSMar#___

CONDITIONS OF MONITORING HOLE ACKNOWLEDGEMENT
A COPY OF THE WRITTEN NOTIGE OR ACKNOWLEDGEMENT SHALL BE AVAILABLE AT THE DRILLING SITE.
Netlce waa provided to the Stsle Enginscr al wast d days prior o consduction of manitoring & observation hala(s).
Canstnucon of the hole(a) must ke campletad within 80 days of the dele notice was glven to tha State Englnesr.
Tasting and/ar pumplng shell not excasd & tial of 200 houre unless pror wiiten approval e ebtaingd from tho State Enginesr.
Watar divaried during testing ehzl ngt ba uesd for baneficiat purposss. Tha ownerof the hole(s) s maponsile for obielning permit(s) and
complying with a1l rulee and regulalions peraining b tha dischame of flulda produced during leating.
All work must comply with the Watar Wa] Conspruction Rulas, 2 CCR 402-2. Minimum construtlion standards must be met qr
avarlanca ablained,

Wall Canstruction and Test Repons (GWS-31) must be aubmitted to this office by tha licensed contractor or autherizad individual
within 80 days of the complatien of the work,

Unless a wall parmit 18 abtalnad, tha hole(s) must be pluggad and sealad within ena (1) year aflar constructian. An Abandonment

Ragert (forrn GWE-8) must ks submitted within 80 deys of plugging & sosling

Tha owngrof the holais) should malkntaln necorda of water quality testing and submit this data to the Smiia Enginear upon requasat,

The monitoring hols number, awner's structyre nama, Bnd hale owner's name and addness must ba providad on all wal parmi appiicaton(s), wall
ganstuclion and abandanment reports.

A monktaring hola cannot be convenad o & production water wail, excep! for pumposet of remadiation {recovery) or 83 a permanen) dewstaring
gygem, if conslructad i accordance with tha Watar Wali Construction Rutes and poficies of iha Stata Englneer.

THIS ACKNOWLERGEMENT OF NOTICE DOES NOT INDICATE THAT WELL PERMIT(S) CAN BE APPROVED.

Additanal Gondions




APPENDIX B
SURFACE FLOW DATA AND
SUMMARY FLOW STATISTICS



Surface Flow Statistics

iDecember 06 ™
lInverness Sile
lrimark Site e
Coltonwood-Peoria § 3
January 07 00
jinverness Site
ITrimark Site o
_..Cottonwood-Pearia ite ©
IFepruary 07

{Inverness Site ¥

"~ ITrimark Site
|Cottonwoad-Peoria Site
[March 07
Inverness Site
[Trimark Site B
i |Cottonwaod-Pearia Site
April 07 )
'Inverness Site ®
‘Trimark Site
_ ICottenwood-Pearia Site
[May 07
werness Site
| Trimark Site
_[Cottonwood-Peoria
Hune 07
[Inverness Site ®
| Trimark Site
‘ottonwood-Peoria Site
Julv 07 .
_verness Sile
Trimark Site )
Collonwoog-Peoria Sile
» gustor
Inverness Site ™
Trimark Site
- Coltonwood-Peoria Sile
|September 07
Inverness Site
Trimark Sitg
Collonwood-Pearia Site
Octlober 07
Inverngss Site @
Trimark Site _
Cottonwood-Peoria Site
[November 07
" Invemness Site ¥

Trimark Site
Cottonwood-Peoria Site.

)]

)

W

@)

le

[

@

Table B-1

__Flow statistics for All Sites - Special Study #2

‘December 07
‘Inverness Site ™
Trimark Site
Cottonwood-Peoria Site

Notes

1 No flow data are available for December and January for the Trimark and Inverness sites. The {SCOs were not
instatled until mig-January angd data collected afterwards were iost after a malfunction of the water level data

loggers.

2 Period of record is 1/1/2007 to 1/26/2007 for Cottonwood-Peoria site due to malfunction of water level probe.
3 Period of record is 2/14/2007 to 2/28/2007 for all sites due to malfunction of water level probes.
4 Flow values are estimates based on Manning's Equation. There is an unknown amaunt of flow interference from

the {rash rack located at the mouth of the culvert.

LAProjecis\CCBWQAPRFStudy\DataCollections\Flow Data\Summary

Maximum Minimurm Maximum Daily  Minimum Daily
Average Monthly  Instantaneous Instantaneous ; )
. Flow Reading Flow Reading
Flow (cfs} Flow Reading (cfs) (cfs)
, __cfs) cfe) _ ~ _
L L 1 I
o [ | N .
. 208 nfa W n/a 553 113
T _ L L
4z 8.90 000 7.99 - 0.00
_0.02 031 0.00 0.08 _0.00
.20 ‘ nfa ] n/a B 6.46 | 1.75
_ B2z 1Boov 0.00 el 0.00
‘ 0.02 051 0.00 029 000
" 2.80 nfa n/a 7.66 1.3
. _ o ] | _
32.62 42522 ~_0o0 40132 0.00 .
005 1.50 0.00 17 0.00 B
4.70 nfa - nfa 29.45 118
B 1588 164.80 0.00 11678 0.03
_ b1 _ 110 _ 0.00 _ 0.53 0.00
. 5.09 ~ nia n/a | 24.71 144
1 T | I
_ 818 _ 259.16 005 160.89 0.14
_ o1t 148 00 __046 0.00
) 2.07 nfa n/a 20.68 0.78
I L 1 _ A
_ 23 s267. __no 3322 2.01
0.08 0.53 u. g 034 0.00 -
239 B nla_ fa_ 20.28 0.64
1 S S — ]
16.53 - 23326 - 0.00 194.89 0.00 .
0.14 , 1.73 0.00 0.53 0.00
419 ' nla n/a T a1s 0.45
- L .
L 0.32 1612 0.00 582 0.00 !
0.04 T _ 0.00 0.28 000
179 n'a na_ ) 7.11 1.04
| T
D.99 14872 0.00 5596 047 -
0.04 056 000 J.44 0.00
287 na _nfa 9.83 \ _inn .
- )| _ . L .
_ 388 759 347 5.03 ' 3.28
_ 000 T 032 0.00 0.04_ 000
_ 1.09 néa __nfa ! 146 0.96
| T S i
_ 419 802 323 5.76 8337
00 _ 045 8.00 0.41 10.00
1.23 n/a nfa FL - 0.86

Page 1



Date
1/1/2007
1212007
1/3/2007
11412007
115/2007
14612007
147/2007
1/6/2007
17912007

1/10/2007
1/11/2007
1/12/2007
141372007
111472007
1115/2007
1/16/2007
1/17/2007
1/18/2007
1/19/2007
1/20/2007
1/21/2007
1/22/2007
1/2372007
1/24/2007
1/25/2007
112602007
112712007
1/28/2007
112912007
1/30/2007
113172007
2/1/2007
2/2/2007
21342007
2442007
2/5/2007
2/6/2007
21712007
2/8/2007
2/9/2007
2/10/2007
2/1112007
21 2/2007
2/13/2007
2/14/2007
2/15/2007
2/16/2007
211712007
2/18/2007
2119/2007
2/20/2007
2/2112007
21222007
2/23/2007
2/24/2007
2/25/2007
2/26/2007
2127i2007
2/28/2007
3172007
37212007
3/3/2007
412007
3/5/2007
3/6/2007
31772007
3/8/2007
37912007
3/10/2007
371142007
3/12/2007
3/13/2007
314/2007
3/15/2007
3/16/2007
3172007

1) ISCG sampler localed downgradient of Cottonwood-Peoda pond.

Flow {cfs)
i.76
1.79
1.67
4.62
5.53
3.23
2.20
2.02
2.45
281
3.57
1.91
1.45
1.41
1.25
1.24
1.43
137
1.22
112
1.19
1.20
1.45
1.68
2.04
2.43
2,34
2.01
1.81
1.71
1.68
1.79
4.18
2.41
1.75
1.90
2.62
6.2
6.46
5.56
4.84
5.87
5.50
5.58
3.63
3.27
3.57
3.69
3.46
4.47
5.38
5.65
4,96
423
6.10
582
3.20
257
2.88
3.45
2.59
1.97
1.86
2.01
2.06
1.98
1.87
1.77
2.20
7.47
4,02
2.11
1.66
1.55
1.44
1.42

Date
3/18/2007
311972007
3/20/2007
32112007
342212007
32312007
3/24/2007
3/28/2007
3126/2007
3/27/2007
3/28/2007
3/29/2007
3/30/2007
3/31/2007

4172007
4122007
4/3/2007
4/4/2007
4/5/2007
41612007
4/7/2007
4/8/2007
47912007
411042007
4/11/2007
412/2007
4/13/2007
4/14/2007
4/15/2007
4/16/2007
4/17/2007
471812007
4/19/2007
4/20/2007
4/21/2007
4/22/2007
4/23/2007
47242007
4/25/2007
4/26/2007
4/2712007
4/26/2007
442972007
473012007
5172007
52/2007
5/3/2007
5/4/2007
5/5/2007
5/6/2007
5772007
5782007
5/9/2007
510/2007
511/2007
5122007
5/13/2007
5/14/2007
5/15/2007
5/16/2007
BM7/2007
5118/2007
5/19/2007
5/20/2007
5/21/2007
5/22/2007
51232007
52412007
52512007
5/26/2007
5/27/2007
5/28/2007
5/29/2007
5/30/2007
63172007
6/1/2007

L:\Projects\CCBWQAPRF SludyOataCollections\Flow Data\Summary

Dally Flow Values - Cottonwood-Peoria Site

Flow (cls)
.43
1.40
1.30
1.26
1.23
1.24
7.55
7.66
3.88
1.95
1.54
5.70
698
3.59
1.93
1.56
1.45
1.27
127
1.52
1.44
220
3.00
215
1.45
127
1.26
1.18
1.28
1.28
5.80
3.49
1.83
1.69
209
1.52
1.66
23.58

2045
24.05
7.70
5.41
3.61
2.68
211
2.55
279
247
5.03
7.43
6.26
3.80
2,08
1.78
1.57
1.53
1.48
219
24.71
5.36
232
1.82
1.54
1.61
1.44
B.15
24,31
22.00
§.24
2.51
1.87
1.85
3.18
86,27
2.09
1.53

Table B-2

Date
6/2/2007
6/3i2007
B/4/2007
8152007
6/6/2007
6/7/2007
6/8/2007
6/2/2007

6/10/2007
B/11/2007
6/12/2007
6/13/2007
8/14/2007
6/15/2007
6/16/2007
611772007
6/18/2007
6/19/2007
6/20/2007
8/21/2007
6/2212007
61232007
6/24/2007
6/25/2007
8/26/2007
8/27/2007
672812007
6/29/2007
630/2007
7112007
7i2/2007
7/3/2007
71412007
7/5/2007
7/6/2007
Ti1/2007
7/8/2007
7/9/2007
71072007
7/11/2007
7i122007
7113/2007
7/14/2007
715/2007
7M6/2007
711712007
7/18/2007
711912007
712012007
72442007
7422/2007
712312007
7/24/2007
712512007
7/26/2007
712712007
712812007
7/29/2007
7/30/2007
773172007
8712007
8212007
8/3/2007
8/4/2007
8/5/2007
8/6/2007
8/7/2007
8/8/2007
8/9/2007
8/10/2007
8/11/2007
8/12/2007
8/13/2007
8/14/2007
8/15/2007
8/16/2007

Flow [cfs
1.44
1.80
1.53
1.56
1.36
1.16
1.28
1.31
1.14
1.10
5.29
20.68
4.98
1.83
1.38
1.05
0.95
0.88
0.84
088
0.99

0.60
0.76
0.78
1.00
1.03
0.93
098
0.86
0.78
0.73
0.64
0.70
078
0.81
0.87
0.93

{n

Date
&/1712007
8/18/2007
811972007
8/20/2007
8/21/2007
812212007
8/23/2007
Bi24/2007
8/25/2007
8/2612007
872712007
8/28/2007
8/29/2007
8/30/2007
8/31/2007

9/1/2007
9212007
9/3/2007
9/4/2007
9/5/2007
9/6/2007
1712007
9/8/2007
9/9/2007
9/10£2007
911/2007
91122007
9/13/2007
9/14/2007
9115/2007
91162007
911712007
9/18/2007
9/19/2007
972042007
9/21/2007
9/22/2007
9/23/2007
9724/2007
9/26/2007
9/2612007
9/27/2007
9/28/2007
9/29/2007
9/30/2007
10/1/2007
10/2/2007
10/3/2007
10/472007
10/5/2007
10/6/2007
107742007
10/8/2007
10/9/2007
10/10/2007
1071142007
10/12/2007
10/13/2007
1011472007
10/15/2007
10/16/2007
10/17/2007
10/18/2007
10/19/2007
10/20/2007
10/21/2007
10/22/2007
101232007
10/24/2007
1012512007
10/26/2007
10/27/2007
10/28/2007
10/29/2007
10/30/2007
10/31/2007

Flow [cfs)
1.38
2.08
1.89
1.70
1.13
2.04
7.15
7.07
3.14
1.53
1.23
1.27
1.21

1.48
1.30
1.26

Date
311142007
114242007
11/3/2007
117412007
11/5/2007
11162007
14712007
11/6/2007
11/9/2007

11410/2007

11/11/2007

1112/2007

11/13/2007

11/14/2007

11/15/2007

1141672007

11/17/2007

11/18/2007

11/19/2007

11/20/2007

11/21/2007

11/22/2007

1172312007
11/2412007

11/25/2007

11/2672007

1172712007

11/26/2007

11/29/2007
11/30/2007
121112007
12/2/2007
1232007
12/4;2007
12/5/2007
12/6/2007
12/7/2007
12/8/2007
12/9/2007

121102007

1211172007

1201212007

12/13/2007

Flow [cfs)
1.16
1.16
1.10
1.08
1.08
1.06
1.05
1.06
1.08
1.07
1.03
1.00
1.40
1.1
0.99
1.02
1.02
0.99
1.08
1.16
1.46
1.29
1.08
0.98
1.01
1.04

0,99
1.05

Page 1



Date
21472007
2/15/2007
2/16:2007
2/17/2007
2/18/2007
211972007
272012007
22112007
2/22/2007
2/23/2007
2/24/2007
2/25/2007
2/26/2007
2/2712007
2/28/2007

31/2007
322007
3/3/2007
3472007
31572007
3/8/2007
3/7/2007
3/8/2007
3/9/2007
31072007
3M11/2007
3122007
3/13/2007
3/14/2007
31572007
3/16/2007
31772007
2{18/2007
3/19/2007
3/20/2007
372172007
3/22/2007
3/23/2007
372412007
372612007
3/26/2007
32712007
31282007
3/29/2007
3/30/2007
3i31/2007
4{1/2007
4/2/2007
44312007
47412007
4/5/2007
4/6/2007
41712007
4/8/2007
4/9/2007
4{10/2007
4/11/2007
4/12/2007
4/13/2007
4/14/2007
4/15/2007
4/16/2007
4Nn712007
4/18/2007
4/19/2007
4/20/2007
4/21/2007
4/22/2007
4/23/2007
41242007
4/25/2007
4/28/2007
412772007
4/28/2007
4/29/2007
413072007

Daily Flow Values - Trimark Site

Flow (cfs} Date
0.00 5/1/2007
0.01 5/2/2007
0.05 51312007
0.00 5/4/2007
0.03 5/5/2007
0.02 5/6/2007
0.04 5712007
0.01 51812007
0.00 5/0/2007
0.00 5/40/2007
0.08 5/11/2007
0.00 51212007
0.00 5113/2007
0.00 5{14/2007
0.03 5/15/2007
0.02 5/16/2007
0.00 1712007
0.00 5/18/2007
0.00 5/19/2007
0.00 5/20/2007
0.00 5/21/2007
0.00 5/22/2007
0.01 5/23/2007
0.00 5/24/2007
0.11 5/25/2007
0.08 5/26/2007
0.00 5/27/2007
0.00 5/28/2007
0.00 5/29/2007
0.00 . 5/30/2007
0.00 5/31/2007
0.00 8112007
0.00 6/2/2007
0.00 6/3/2007
0.00 B/4/2007
0.00 6/5/2007
0.00 6/6/2007
0.00 8/7/2007
0.20 &/8/2007
0.00 61012007
0.00 6/10/2007
0.00 8M11/2007
0.00 8/12/2007
0,18 6/13/2007
0.00 6/14/2007
0.00 6/15/2007
0.00 8/16/2007
0.00 6/17/2007
0.00 6/18/2007
0.00 6/19/2007
0.00 8/20/2007
0.00 6/21/2007
0.00 8/22/2007
0.06 6/23/2007
0.00 6i24/2007
0.01 6/25/2007
0.00 6/26/2007
0.00 612112007
0.00 6/28/2007
0.00 812912007
0.00 6/30/2007
0.04 74142007
012 74212007
0.00 71312007
0.00 77412007
0.00 7/5/2007
0.00 71642007
0.00 2712007
0.00 7/8/2007
1.01 7/912007
0.40 7/10/2007
0.00 7H1/2007
0.00 711212007
0.00 7/13/2007
0.00 7/14/2007
0.00 7/15/2007

Table B-3

Flow {cfs)
0.00
0.00
0.00
0.04
0.10
0.20
0.08
0.01
0.02
0.01
.11
0.02
0.07
0.15
0.47
0.24
0.03
0.22
0.17
0.29
0.07
032
0.53
(.48
0.14
0.13
0.15
0.02
0.24
0.44
0.09
0.12
0.05
0.44
046
0.16
017
0.00
0.01
0.02
0.03
0.01
0.35
0.38
0.04
0.03
0.03
0.04
0.01
0.03
0.01
0.02
0.05
012
0.16
0.15
0.19
017
0.11
0.02
0.06
0.07
0.04
0.01
0.00
0.01
0.00
0.00
0.02
0.03
0.02
0.00
0.03
0.04
0.04
0.04

1) Flow data were nct available between 10/5/07 and 10/15/07
2} ISCO sampler localed downgradient of Trimark pond.

L:\Projects\CCBWQAVPRF StudyiDataColieclions\Flow Data\Summary

Date
7H6/2007
7117/2007
7i/18/2007
7/19/2007
T/20/2007
7121/2007
Ti22/2007
7i23/2007
712472007
7/25/2007
7/26/2007
7i27/2007
7/2812007
Ti2pr2007
7430/2007
713112007

81172007
B/2/2007
B/3r2007
8i412007
8/5/2007
8/6/2007
B/712007
8/8/2007
8972007
81072007
B/11/2007
81272007
8/13/2007
8it4f2007
8/1512007
8/16/2007
BA7/2007
8/18/2007
B/19/2007
8/20/2007
82172007
8/22/2007
8/2312007
8/24/2007
92572007
8/26/2007
82712007
8/28/2007
8/29/2007
8/30/2007
8/31/2007
9/1/2007
9/2/2007
9/3/2007
9/412007
9/6/2007
B/6/2007
9/7/2007
9/8/2007
9/9/2007
910/2007
9/11/2007
9/12/2007
941372007
1412007
9/15/2007
916/2007
9172007
9/18/2007
9/19/2007
92042007
921/2007
972212007
9/23/2007
9/24/2007
9/25/2007
Q2612007
9272007
9/28/2007
9/29/2007

i

Flow {cfs)
0.01
0.07-
0.00
0.02
0.06
0.21
0.22
0.00
0.03
0142
0.26
0.14
0.34
0.06
0.05
0.06
0.05
0.20
0.15
0.41
0.31
0.53
0.07
0.07
0.10
0.00
0.06
0.04
0.00
0,01
0.07
0.09
0.10
0.13
0.24

Date
9/30/2007
10/1/2007
10/2/2007
10/3/2007
10/4/2007

10/16/2007
10/17/2007
10/18/2007
10/19/2007
10/20/2007
10/21/2007
10/22/2007
10/23/2007
10/24/2007
10/25/2007
10/26/2007
1072712007
10/28/2007
10/29/2007
10/30/2007
10/31/2007
11/1/2007
11/2/2007
11/3/2007
11/4/2007
11/6/2007
11/6/2007
172007
11/8/2007
11/9/2007
11/10/2007
11/11/2007
1111272007
11413/2007
11/14/2007
11/15/2007
11/16/2007
11417/2007
11/18/2007
11/19i2007
1112072007
11/21/2007
1172272007
11/23/2007
11/24/2007
11/25/2007
1172612007
11/2712007
11/28/2007
11/292007
11/30/2007
12/1/2007
1272/2007
12/3/2007
12/4/2007
12/5/2007
12/6/2007
12772007
12/8/2007
12/9/2007
12/10/2007
12/11/2007
12/12/2007
12/13/2007

Flow {cfs}
016
0.00
0.00
0.01
0.08
0.00
0.04
0.00
0.00
0.03

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
a.11
0.03
0.00
0.02
0.08
0.00
0.00
0.00
0.00
0.00
0.00
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Date
21442007
21542007
21642007
211712007
211872007
21912007
2/20/2007
212472007
2212007
242312007
212412007
212512007
2/28/2007
212712007
212872007
3112007
37212007
3/3/2007
3/4i2007
3/5/2007
3/68/2007
3772007
3/8/2007
3/9/2007
3102007
anM1/2007
31212007
3/1372007
1412007
3/15/2007
3118/2007
3117/2007
3/18/2007
A/19/2007
31202007
3f21/2007
3/22/2007
3/23/2007
372472007
312512007
A/26/2007
72712007
372842007
312672007
31302007
A/31/2007
4/1/2007
472/2007
4432007
41442007
4/5/2007
4/6/2007
41742007
4/8/2007
4/9/2007
4/10/2007
411472007
471212007
4/13/2007
4/14/2007
4/15/2007
4/16/2007
41712007
4/18/2007
4/19/2007
4/20/2007
4/21/2007
412212007
4/23/2007
47242007
4/25/2007
4/26/2007
412712007
4/268{2007
4/29/2007
4/30/2007

Flow {cfs) Date
6.76 5/1/2007
6,25 5/2/2007
6.32 5/3/2007
7.28 514/2007
6.40 5/5/2007
7.56 506/2007
7.99 57/2007
5.76 5/8/2007
7.04 5/9/2007
1,79 5/10/2007
0:41 5/11£2007
0.27 5112/2007
0.00 5/13/2007
0.00 5/14/2007
0,00 5162007
000 5/16/2007
0.03 5/17/2007
0.03 5/18/2007
0.00 5/1972007
0.00 5/20/2007
0.02 5/21/2007
0.62 51222007
1.78 5/23/2007
1,24 5/2412007
0.01 5/25/2007
6.47 5/26/2007
0.00 5/27/2007
0.03 5/26/2007
0.21 5/20i2007
0.15 5/30/2007
0.10 5/31/2007
0.11 6/1/2007
0.18 6/2/2007
0.12 6/32007
0.1 6/4/2007
0.04 65/2007
0.05 6/6/2007
0,08 8/7/2007
75.05 6/8/2007

83.08 6/9/2007
8.09 6/10/2007
0.21 6/11/2007
0.42 61212007
7.30 6/13/2007
6.55 6/14/2007
0.95 8/15/2007
0.05 6/16/2007
0.01 6/17/2007
0.00 6/18/2007
0.00 6/19/2007
0.03 6/20/2007
0.16 6/21/2007
0.16 6/22/2007
0.28 612312007
0.31 6/24/2007
0.34 6/25/2007
0.08 6/26/2007
0.07 6/2712007
0.03 6/28/2007
0.16 8/29/2007
0.20 8/30/2007
0.26 71112007
11.69 71212007
2.15 7/312007
0.04 71412007
0.28 7512007
0.09 74612007
0.08 7/712007
0.10 71812007
259.94 71912007
401.32 71012007
218.44 71142007
67.69 71212007
13,08 741312007
1.46 71142007
0.12 7/15/2007

Tabie B4
Daily Flow Values - Inverness Site ™

Flow {cfs)

39.05
98.50
111.85
18.25

0,03
0.23
9.92
18.32
0.67
0.14
0.28
0.52
041
0.45
0.5¢
0.46
0.39
0.36
0.37
0.36

160.89
26,31
2.32
0.24
0.20

0.22

1) Flow data were not available between 8/3/07 and 6/5/07
2) ISCO sampler located upgradient of Inverness pond.

LAProjects\CCBWQAVPRF Study\DataColleclionsiFiow Dala\Summary

Date
7116/2007
TH7/2007
TH8/2007
719/2007
712012007
/2172007
12212007
712362007
712412007
7125/2007
712612007
71272007
71282007
T29/2007
7/30/2007
713142007
8/1/2007
81212007
8/6/2007
8/7/2007
8/8/2007
81972007
8/10/2007
B/11/2007
811212007
8/13/2007
8/14/2007
8/15/2007
8/16/2007
8/17/2007
8/18/2007
8/19/2007
872042007
812112007
8/22/2007
/2312007
872412007
8/25/2007
8/26/2007
8/2712007
8/28/2007
8/26/2007
8/30/2007
8/31/2007
9/1/2007
9/2/2007
9/3/2007
91412007
9/5/2007
9/6/2007
9712007
9812007
9192007
9/10/2007
9/11/2007
9/12/2007
911372007
9/14/2007
9/15/2007
9f16/2007
91772007
9/18/2007
0/19/2007
0/20/2007
912172007
92212007
812312007
9/24/2007
9/25/2007
9f26/2007
92712007
/2812007
9/29/2007
913012007
10/1/2007
10/2/2007

Flow {cfs)
.28
0.23
0.20
0.41
035
2.05
10,20
0.25
0.28
0.33
374
10.94

33.22
3.14
0.01
0.02
0.74

160.27

194.89

65.94
14,10
0.98
0.01
0.01
0.01
0.01
0.02
0.06
0.01
0.06
0.09
0.05
0.08
0.02

24,84

i17.23
4.49
0.03
0.06
0.00
0.03
0.00
0.00
0.00
0.00
0.16
0.28
0.0
042
5.82

0.04
0.06
0.10
0.10
0.07
0.08
0.10
0.16
0.16
017
0.14
0.10
0.08
0.07

0.09
0.1
0.14
0.20
048
0.19
0.16
0.24
0.23
0.28

Date
10/3/2007
10/4i2007
10/5/2007
10/6/2007
10/7/2007
10/812007
10/9/2007

10/10/2007

10/14/2007

10/12/2007

10M 312007

10M1 412007

10/15/2007

10/18/2007

F0M 712007

10/18/2007

10/19/2007

10/20/2007

10i21/2007

10/22/2007

10/23/2007

10/24/2007

10/25/2007

10/26/2007

10/27/2007

10/28/2007

10/29/2007

10/30/2007

10/31/2007
11/49/2007
149/2/2007
11/3/2007
11/4/2007
11/5/2007
14/6/2007
11712007
11/8/2007
11/0/2007

11410/2007

111172007

11/12/2007

114132007

11/14/2007

11/15/2007

11/16/2007

11/17/2007

11/18/2007

111912007

11/20/2007

112172007

1172242007

11/23/2007

11/24i2007

11/25/2007

11/26/2007

11/27/2007

11/28/2007

11/29/2007

11/30/2007
121172007
121212007
12/3/2007
12/4/2007
12/5/2007
12/6/2007
12/7/2007
124812007
12/9/2007

1241042007

12111/2007

12/12/2007

12/13/2007

Flow (cfs)
0.31
0.39
0.34
0.1¢
0.28

3.70
3.60
3.52
3.61
3.56

347
3.37
3.28
345
3.39
3.43
349

361
3.48
342
360
3.68
188

355
4.28
3.85
3.83
5.03
3867
3.65
3.63
3.84
4.01
4,30
5.01
676
352
3.39
.y
4.04
4,16
3.91
4,70

4.78
4,74
4.48
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APPENDIX C
WATER QUALITY SUMMARY TABLES



Table C-1

Water Quality Summary - Cottonwood-Peoria Site

_ Ground Water Samples

Surface Water Sample.

Sample: @ _Concentration _ Load (ibs/mo} Flow  Congentration (ug/L) L ad (Ibs/mo)
Flow (cfs) ™ Tptv Srp® ~ TPt RPY | (cfg)® TP SRAPTOPY TP & ) [DPT
[December 08 o _ - - _ o
_Up Gradient 0.011 370 11 068 0.02 NA T 7 4 NIF \iF N/F
Bown Gradiem 0010 26 215 004 0.04  NA 43 9 .5  NF NFF NIF
Delta 0001  -344 + 105 -0.64 0.02 N/A 2 1 N/F N/F N/F
January 07 e I - - — :
[Up Gradient _0.015 Y 8 2.06 0.02 276 30 10 2 108 36 3.3
Down Gradie _0.015 728 2. 183 _ 00s 205 44 9 T4 151 31 48
Delta®™ 0 92 13 -0 003 01t w4 T 8 42 05 35
|February0? S
lUp Gradient 0014 281 g 0.55 002 488 32 7 10 250 55 78
|Down Gradient  0.014 1B 19 0.04 0.04 420 37 a4 12 260 2.3 84
Deltg®™ 0 243 10 -0.51 0.02 -0480 5 -3 2 0.9 2.7 0.6
March07 el L
(Up Gradient 0.014 123 10 0.29 0.02 3.63 34 47 46 206 103 97
[Down Gradien. 0.014 195 18 0.05 0.04 2.80 3 9 168 169 42 7.5
‘Della® 0 -103.5 8 24 002 083 , 2 8, 0 3.8 -84 -2.2
|Aprilo7 o . ’
'Up Gradirnt Joii 59 22 0.1 0.04 531 _ 83 17 | 27737 31 24.0
|Down Gradienl | 0.010 22 175 0.04 003 470 69 , "+ 34 54z 118 267
Delta™ -0.001 37 a5 -0.07 -0.01 0610 -14 -2 7 -19.5 -3.3 27
Mayo? o - . I L
iUp Gradient ' 0.014 27 13 0.06 0.03 5.08 71 25 36 B0.3 21.2 308
‘Down Gradien  0.014 20 19 0.07 0.04 509 /4 17 25 630 145 213
Della® 0 2 , 8B 0005 0.1 00 3_ 8., oM 27 | 68 83
[June 67 o S N _
Up Gradient L0718 13 0.05 004_ 277 128 40 47 48.6 152 178
Down Gradienl  0.018 215 195 006 0.08 207 R 21 30 239 73 104
Delta® 0.001 35 65 0.01 0.02 0200 -89 -19 17 247 7.9 75
lJuly 07 I . . . . o
[Up Gradient 0.012 9 12 0.18 _0.0? 785 201 72 86 95.8 343 410
[Down Gradienl ~ 0.012 25 22 005 004 239 25 67 81 899 268 324
Delta® 0 6 9 043 002 0460 24 5 5 59 75 B
|Augu T J
Up Gradient 0015 3 9 008 , 00z 43979 31 49 | 580 23 360
Down Gradient ~ 0.015 1. 20 0.05 0.05 4.19 R4 22 ¢ ¢ R 154 27
Det » 0 -85 11 -0.02 0.03 0200 -5 -9 18 132 7.3 -14.3
Seple  07_ B i . - . _ S
Wpe et 0016 51 12 0.13 0.03 208 46 18 30 16.0 8.3 104
Down Gradient 017 25 235 0.07 008 179 5 11 17 153 33 5.1
‘Della® . 0.001 26 115 -0.06 0.03 -0.280 5 7 -3 07 . -30 53
'October 07 , - L _ e
Up Gradient 0016 15 8 _0.04 0or 33 28 .0 ' 14 156 20 78
Down Gradient 0.017 235 18, 0.07 0.05 2,67 40 R 14 _17a 36 6.3
Delte™ 0001 45 B85 0.03 0.03 0670 12 2 0 22 200 A
|Noverber 7 . B o L . o
|Up Grac_nt 008 15 0.04 0.03 132 15 4 11 3.3 09 24
Down Gradient  0.016 20 2% 005 008 .09 1 6 e 20 11 1.1
___|Dena® 0 5 11 0.01 0.03 0230 -4 ' 2 5 43 0.2 1.3
Notes:

1) TP = Tolal phosphorus.
2) SRP = Soluble reactive phosphorus or orthophosphale.
3) TDP = Total dissclved phosphorus

4) Flows were unavailable during Dec due to ISCO malfunclion caused by exlreme cold.

5) A negative value indicales a decrease from the upgradient 10 downgradient values. i.e.

6) Flows during Feb and Mar are represenled by monthly average values.

downgradient - upgradient.

LAProjects\CCBWQAWPRF StudWQ ResullstWaSummary
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Date

12/27/2006
12/27/2006
12/27/2006
12/27/2006
172572007
1/25/2007
1/25/2007
2/28/2007
2128/2007
2/28f2007
2/28/2007
32712007
3/27/2007
32712007
3/27/2007
5/2/2007
5/2/2007
5/2/2007
5{2/2007
6/6/2007
6/6/2007
6/6/2007
7{2{2007
7/2/2007
7/2{2007
71212007
7/27/2007
7/27/2007
7/2712007
9/5/2007
9/5/2007
9/5/2007
9/5/2007
10/10/2007
10/10/2007
10/10/2007
11/16/2007
11/16/2007
11/16/2007
12/10/2007
12/10/2007
12/10/2007

Field Parameters - Cottonwood-Peoria Site 1 {Up Gradient)

Time

14:05
14:07
14:08
14:09
13:05
13:08
13:08
12:40
12:42
12:43
12:45
12:10
12:11
12:12
12:13
9:18
9:27
9:28
9:29
9:43
9:.44
9:45
10:40
10:42
10:44
10:46
10:54
10:55
10:57
1:50
1:52
1:55
1:57
11:59
12:01
12:02
12:03
12:04
12:07
1:03
1:04
1:08

L:AProjects\CCBWQAWPRF Study\WQ Results\WQSummary

Table C-2

eH

7.09
7.19
7.20
7.21
7.34
7.33
7.31
7.31
7.33
7.30
7.32
7.21
7.23
7.22
7.22
712
7.17
7.15
7.16
7.13
7.11
7.12
7.07
7.12
7.14
7.20
7.21
7.25
7.27
7.24
7.20
7.19
7.19
8.01
7.99
7.98
6.27
6.21
6.21
6.29
6.28
6.29

10f9

Temp (°C) Cond {ms/cm)
13.0 1.90
i2.4 192
12.1 1.91
12,2 1.91
11.8 2.01
12.0 2.00
121 2.02
10.9 2.00
10.7 210
11.0 2.09
11.0 2.10
12.4 2.07
12.6 2.07
12.4 2.07
12.4 2.07
12.9 1.85
1341 1.87
12.8 1.87
12.6 1.88
14.3 1.93
13.9 1.93
13.6 1.94
18.0 2.03
15.5 1.96
14 .4 1.95
14.8 1.96
14.2 1.95
13.9 1.94
14.2 1.96
15.1 1.92
14.9 1.92
14.1 1.92
14.0 1.82
141 2.11
13.2 2.08
12.9 2.05
14.3 2.24
14.0 224
14.2 2.25
11.5 2.32
11.8 2.31
11.9 2.31



Date

12/27/2006
1212712006
12/27/2006
121272006
113142007
1/31/2007
1/31/2007
1/31/2007
1/31/2007
21282007
2/28/2007
2/28/2007
2/28/2007
32712007
3/27/2007
3/27/2007
312712007
32712007
51212007
5/2{2007
5/2/2007
6/6/2007
6/6/2007
6/6/2007
71272007
71212007
71212007
7/127/2007
712712007
7/27/2007
9/5/2007
9/5/2007
9/5/2007
9/612007
10/10/2007
10/10/2007
10/10/2007
10/10/2007
11/16/2007
11/16/2007
11/16/2007
12/10/2007
12/10/2007
12/10/2007

Field Parameters - Cottonwood-Peoria Site 3 (Down Gradient)

Time

14:51
14:53
14:54
14:55
12:00
12:.03
12:04
12:05
12:06
11:50
11:51
11:52
11:53
12:45
12:46
12:47
12:48
12:49
9:57
Q:58
9:59
10:30
10:31
10:32
11:40
11:41
11:42
10:17
10:19
10:20
12:50
12:52
12:53
12:55
11.00
11:02
11:03
11:04
11:02
11:04
11:06
11:54
11:55
11:56

LAProjects\CCBWQA\PRF StudywWWQ Results\WQSummary

Table C-3

pH

7.26
7.25
7.23
7.21
7.15
7.26
7.23
7.23
7.22
7.20
7.22
7.24
7.25
7.27
7.28
7.30
7.31
7.31
7.15
7.7
7.18
7.03
7.04
7.05
7.04
7.09
7.10
7.20
7.22
7.21
7.28
7.22
7.18
7.16
7.56
7.60
7.64
7.68
6.27
6.24
6.22
6.40
6.37
6.36

40f9

Temp (°C

10.5
10.8
11.2
1.2
8.2
7.6
8.3
8.4
8.7
7.1
7.2
7.4
7.3
7.2
7.1
7.1
7.1
71
8.7
85
8.4
10.4
10.2
10.1
12.2
11.9
11.8
13.6
13.4
13.3
15.6
16.6
15.3
15.2
15.5
15.2
15.0
15.0
14.2
14.4
14.4
12.6
12.8
12.7

Cond {ms/cm)

2.06
2.08
2.06
2.07
2.3
220
2.20
219
2.18
2.45
2.44
2.41
2.44
2.02
2.02
2.03
2.03
202
217
217
217
2.44
2.45
2.45
252
2.54
253
2.36
237
2.36
1.90
1.90
1.89
1.90
1.92
1.91
1.90
1.90
1.86
1.86
1.86
1.92
1.93
1.94



Date

12/27/2006
1212712006
12272008
12/27/2006
12/27/2008
1/31/2007
1/31/2007
1/31/2007
1/31/2007
173172007
2/28/2007
212872007
2/28/2007
2/28/2007
3/27/2007
3/27/2007
3/27/2007
3/27/2007
3/27/2007
5/2/2007
5/212007
5/2/2007
6/6/2007
6/6/2007
6/6/2007
71212007
7i2j2007
712/2007
712712007
712712007
712712007
712712007
9/5/2007
97572007
9/5/2007
10/10/2007
10/10/2007
10/10/2007
11/16/2007
11/16/2007
11/16/2007
12/10/2007
12/10/2007
12/10/2007

Field Parameters - Cottonwood-Peocria Site 4 {Down Gradient)

Time

14:32
14:34
14:36
14:37
14:38
12:15
12:17
12:19
12:20
12:21
11:20
11:21
11:22
11:23
12:30
12:32
12:33
12:35
12:36
10:15
10:16
10:17
10:06
10:07
10:08
11:15
11:16
11:17
10:05
10:06
10:07
10:08
1:08
1:10
1:11
11:28
11:29
11:30
11:22
11:24
11:26
12:17
12:19
12:20
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Table C-4

pH

7.12
7.20
7.24
7.23
7.28
7.31
7.33
7.32
7.33
7.32
7.24
7.27
7.28
7.30
6.83
7.23
7.22
7.22
7.22
7.18
7.19
7.19
7.05
7.09
7.10
7.09
7.14
7.16
7.08
7.14
7.20
7.23
7.16
7.14
7.13
7.80
7.80
7.83
6.30
6.26
6.28
6.46
6.48
6.42

70of9

Temp {°C) Cond (msfcm)
59 2.1
9.9 2.15
10.1 2.15
10.1 2.15
9.5 2.15
7.1 2.33
7.6 2.33
71 2.33
7.5 2.34
7.7 2.33
6.4 2.55
6.4 2.55
8.5 2.54
6.4 2.54
75 2.68
7.3 2.68
7.1 2.68
7.0 2.68
7.1 2.68
9.3 2.66
9.1 2.65
9.0 2.64
11.1 2.49
11.2 2.51
11.2 248
12.9 2.34
12.8 2.38
12.8 2.33
15.1 219
15.1 2.20
15.1 2.19
15.1 2.20
16.6 2.1
16.6 211
16.5 2.1
16.6 2.08
15.9 2.05
15.8 2.05
13.9 2.05
14.0 2.05
14,0 2.04
11.8 2.03
12.0 2.02
12.0 2.02



Table C-5

Water Quality § Summary Trlmark Site

Ground Waler Samples

" Surface Water Samples

R

Load (It (Ibslmo)

N/

Sample: o " Zoncentration Load {lbs/mo) ~  Flow  Congentration {ug/L)
Flow(cls) ™ yp(m —gpp®@ TP SRPW ' (cr5)®@ TP SRPP TDP TP
December 06 . - o o R o
Up Gradient _boos 56 29 N7 004 _ NATTNF NE NF O NF
Down Gradient 0.008 505, 1 3 007 0.0¢ N/A  NE NF NIF NF
Deita®™ 0 55 15 -0.01 0.002 Nia_ NIE NF NE LR
January 07 L B } o o .
|Up Gradient 0008 60 24 008 _0.03 NA NFE NF NF NIF
Down Gradient, 0.008 855 225 011 0.03 NA  NIF NIF NF_NIF
Delta® o 255  -15 003 -0.002 N/A  NIF NIF NIF
IFebruary 07 ] o _ T
Up Gradient 0.008 149 29 017 0.04 N/A  NIF N/F_ N NFF
Down Gradient 0008 295 295 .04 0.04 002  NF NF NF  NF
|Delta™ 0 4115 05 -0.13 0.001 N/A NIF NF NF  NF
‘March 07 _ - _ o o o
[Up Gradient 0008 28 25 004 703 N/A_ NF  WF NF _ NF
Down Gradien. 000§ 39 25 005 003 0022  NF NF  NF_ NF _
‘Deita® 0 T 001 0.000 NA - WF N NIF N/F
April 07 - . . _ _
Up Gradient J.002 03 24 0.01 0008  NA T NF MF NE _ NF
|Down Gradient | 0. 2 3B5 23 001 _ 0007 0.055 NIF NIF  N/F  NF
Delta®™ 0 25 -1 0,001 0,000 NiA  NF ONF NF NFF
\MayO? L _ o o
"Up Gradient 0.008 37 32 0.08 004 NiA  NIF NF | NIF NIF
Down Gradien:, _0.008 29 27 0.0a 004 018 _ 524 360 430 _ 136
Deta® o 8 -5 -0.01 -0.01 NA  NF ONF NF N
June 07 o o
Up Gradient '  0.008 47 29 006  0.04 N/A_ NIF NF NF NFF
|Down Gradient ! 0.008 100.5 ? 013 1 003 0114  NF UF 'NF  NF
Delta® 0 _ 535 -7 0.07 -0.01 _NiA NF  NF NF NIF
July 07 a ; _ o o
Up Gradient  0.014 194 28 0.45 607~ wiA NF NF NF O HF
Down Gradient 0013~ 715 225 016 015 064 NIF_NF NF  NF_
MDeita™ -0.001 1225, -55 -0.30 -0.02 NIA NF  ®iF NF_ NF
August 07 o ) o - -
Up Gradient 0.008 33 24 004 003  NA NF NF NF NF
IDown Gradienl  0.008 36 20 7 005 0.03 013 NF ' NF NF  NF
juena® 0 . 0.004 -0.005 NiA - NIF NF NIF NIF
|Seplember 07 _ _ o . o
Up Gradient _~ 0.008 M 28 004 0.04 NA - NFNFE N N
{Down Gradient  0.007 645 215 ~ 0.7 00z~ 0042 NF NF NF  NF
Delta™ -0.001 305 -85 0.03 -0.01 N/A - NF N NF  NF
Oclober 07 . o o -
Jp Gradienl 0.008 35 23 0.05 0.03 NIA  NF - NIF_NIFHNIF
Down Gradient ~ 0.007 85, 17 0.03 on 004  NIF NF ' NF  NF
Delta®™ -0.001 -85 -6 -0.02 -0.01 N/A  NIF NF NF NIF
Novemnber 07 o . o [
|Up Gradient 0012 33 _30 0.06 0.06 _NiA NFF NIF NIF N
Down Gradient  0.012 27 23 0.05 0.04 0002 NF NF NF | NF
_ |Delta® 0 6 7 -0.0° -0.01 NiA N/FONFF o WiE ik
Notes:

1) TP = Total phosphorus.
2) SRP = Soluble reaclive phosphorus or orthophosphate.
3) TDP = Total dissolved phosphorus
4) Flows were unavailable during Dec & Jan due to ISCO malfunction caused by extreme cold.
5) A negative value indicates a decrease from the upgradient to downgradient values. i.e. downgradieni - upgradient.
6) N/F means no surface flow was observed at our monthly site visit

7) Flows during Feb and Mar are represented by monthiy average values.
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SRP®_ TDP?!
—!
NENE
N/F NF |
_ NF _NF
i NE
_NIF NIF
NIF - NIF
NF ™ NIF
NIT N/F
NIF N/F
NIF NIF
n: N
NTONF
NF NIF
NiF NIF
NF _ NF
1
NE R
g6 . 111
_NF N
NFF NF
NIF N/F
NFE NF
NF_ NF
NF_, NF
NIF ' NF
NIF_ NI
NIF NIF
NIF_ NI
!
N NE
iF NIF
IF NF
CNIF NIF
N N/F
NF ___NF
- ]
N/E NF-
N/F N/F
NF NF
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Date

12/27/2006
12/27/2006
12/27/2006
12{27/2006
1/25/2007
17252007
1/25/2007
2/28/2007
21282007
2/28/2007
2/28/2007
312772007
3/27/2007
3/27/2007
3/27/2007
4/26/2007
4/26/2007
412612007
4/26/2007
6/672007
6/6/2007
6/6/2007
7/2/2007
71212007
7{2/2007
7/27/2007
712712007
712712007
9/5/2007
9/5/2007
9/5/2007
10/10/2007
10/10/2007
10/10/2007
11/16/2007
11/16/2007
11/18/2007
12/10/2007
12/10/2007
12/10/2007

Table C-6

Field Parameters - Trimark Site 1 (Up Gradient)

Time

15:26
15:27
15:28
15:29
g9:15
9:16
9:17
13:10
13:11
13112
13:13
10:55
10:56
10:57
10:58
10:15
10:16
10:17
10:18
11:58
11:59
12:00
12:42
12:43
12:44
11:54
11:55
11:56
2:56
2:57
2:59
1:.07
1:08
1:10
1:21
1.23
1:24
2:30
2:31
2:33
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pH

7.10
4,12
7.11
7.12
7.24
7.24
7.24
7.13
7.16
7.17
7.18
7.16
7.16
7.14
7.15
7.18
7.19
7.18
7.18
7.02
7.01
7.02
7.0
7.14
7.14
7.24
7.24
7.23
7.23
7.20
7.20
8.16
8.16
8.13
6.22
6.20
6.20
6.26
6.23
6.22

20f9

Temp (°C

10.4
11.2
121
12.1
134
13.3
13.3
123
12.5
12.6
126
12.9
12.8
12.8
12.8
13.2
12.8
12.7
12.7
13.8
13.0
12.9
13.7
12.9
12.8
13.8
13.9
13.9
13.3
13.2
13.2
14.4
13.6
13.4
14.1
14.1
14.0
12.8
12.9
13.2

Cond (msfcm)

2.59
2.59
2.59
2.60
2.75
2.75
2.75
285
2.84
2.84
2.83
2.86
2.86
2.86
2.86
273
2.73
273
2.73
2.75
2.75
2.77
2.65
2.78
279
2.61
2.60
2.61
2,69
2.69
2.69
2.76
2.74
272
2.75
2.75
274
279
2.80
272



Date

12/27/2006
12/27/2006
12/27/2006
12/27/2006
112512007
1/25/2007
1/25/2007
2/28/2007
2/28/2007
2/28/2007
2/28/2007
3/27/2007
3/27/2007
3/27/2007
312712007
4/26/2007
4/26/2007
4/26/2007
6/6/2007
6/6/2007
6/6/2007
7122007
7i2/2007
7/2/2007
7/27/2007
712712007
712712007
9/5/2007
9/5/2007
9/5/2007
9/5/2007
10/10/2007
10/10/2007
10/10/2007
11/16/2007
11/16/2007
11/16/2007
12/10/2007
12/10/2007
12/10/2007
12/10/2007

Table C-8

Field Parameters - Trimark Site 4 (Down Gradient)

Time

12:08
12:10
12:11
12:12
10:12
10:13
10:14
10:52
10:53
10:54
10:55
11:20
11:21
11:22
11:23
9:25
9:26
9:27
11:04
11:05
11:06
12:00
12:01
12:03
11:20
11:21
11:22
2:20
2:21
2.22
2:23
12:24
12:25
12:27
12:37
12:39
12:40
1:35
1:36
1:38
1:.40
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pH

7.05
7.10
7.12
7.13
7.26
7.29
7.30
7.16
7.17
7.18
7.19
7.7
7.16
7.15
7.14
7.20
7.22
7.24
7.03
7.07
7.07
6.94
7.04
7.08
7.25
7.29
7.28
7.20
7.16
7.14
7.15
8.08
8.07
8.06
6.18
6.18
6.18
6.28
6.26
6.27
6.26

8of9

Temp (°C) Cond {msfem)
12.3 2.01
12.8 2.00
13.0 2.01
13.0 2.00
1.9 2.15
12.4 2.16
12.6 2.18
11.5 2.33
11.8 2.33
11.8 2.33
11.8 2.33
12.2 2.19
12.1 2.21
12.2 2.20
12.2 2.21
12.4 2.06
12.0 2.07
12.0 2.07
12.7 1.97
12.8 1.97
12.6 1.99
n/a 2.00
12.9 2.00
12.5 2.00
14.0 2.00
13.3 2.02
13.0 2.02
12.9 2.08
13.0 2.08
12.8 2.08
12.9 2.08
13.7 2.28
13.2 2.26
13.0 2.27
138 2.35
13.8 2.34
13.8 2,34
13.0 2.40
12.8 2.43
126 2.53
13.2 253



Table C-9

Water Quality Summary - Inverness Site

Ground Waler Samples

" Surface Water Sarmples

Sample: @ Concenlralion  Toad (ibsimo) Fiow  Concentration (ugll Load {los/ §
| Flow (ef$)™ rpTgRp®  yper T SRPA | (ofef® TP SRPP TDRY TP™  SRP® TDF T
December 06 ; _ - o o
Up Gradient 0028 51 13 0.24 0.06 NA D T e N A T WA NiA
Down Gradient 0.029 39 9 019 004  NA® 31 13 NT T ONA NA 7y
Della®! 0.001 -12 -4 -0.05 -0.02 NeA 1 14 N N/A NIA NUA
January 07 ’ . . e
Up Gradient 0028 16 10 007 005 _Nia %5 14 23 NiA O NA  NA
_Down Grac™ 0020 1953 ! 947 003 NIA ¥ B 14 NA_ NA 7
Delta® 0.001 1937 -3 9.40 -0.01 N/A 31, 6 -9_  NA N/A NA
February 07 o i s -
‘UpGradient  0.029 a7 14 007 006 427 2 & 14 15.7 57 10.0
[Down Gradient| ~ 0.03 265  8_ 612~ T n.04 NJA 99 4 & NiA ™A NA
‘Delta®! 0001 95 6 0.05 -0.03 NiA 77 . 4 -8 NA NiA Nia
"March 07 S e o
iUp Gragienl . 0.029 7 N 0.08 005 522 % 18 1 34 87 28
Down Gradient | 003 135 7 007 0.04 N/A T 43 B 14 N/A NA  NA
Delta®™ 0.001 -3.5 4 -0.01 -0.02 NA 7 127 A NiA NIA
Aprit Gy L o _ o -
Up Gradient 0029 19 ) 009 0L 3262 67 20 44 3655 1582 2400
Down Gradient 003 135 65 0.07 0.03 N/A T 133 58 71 NA Ni& NIA
| Della®™ 0.001 55 -35 -0.02 -0.02 NA 66 29 27 N/A NA A
{May 07 o e o
[Up Gradien 0.029 13 13 0.06 006 1559 23 22 35 _ 600 57.4 91.2
Down Gradient  0.03 25 |95 0.13 0.05 NiA 50 3 27 NA NA N
Delta®™ _0.001 12 35 0.06 -0.02 _Nia 277 19 -8 NA NiA N
June07 o o . _ o
Up Gradient _0.63 23 13 Que 1 0L 8. 83 57 68 1133 778 928
Down Gradient | 0.031 30 85 0 3 0.04 NA 3B 8 17 NiA N/A N~
Della® 0.001 745 0.04 -0.02 Nia 47 51 51 NiA NA - NA
duy 07 S - S - .
“Jp ¢ adient 0054 11 12 0.04 005 23 154 39 108 596 344 ' 418
Jown Gradient ~ 0.02s 18 & 007 0.03 N/A 103 38 65 NIA NiA NA
IDelta™ -0.001 73 003 001  NA 51 51 43 N Nia NiA
yAugust 07 S _ I - _ . ]
Up Gradier 0028 17 11 008 0.05 1653 75 52 T 59 2074 1438 1831
Down Gradienl 0028 85 8 0.04 0.04 NA T4 59 NIA NiA NiA~
Dela® 0 73 -0.04 001 NA 1 47 50 NA NAL 0 NA
September 07 e - . . - _ o
Up Gradient 0.03 16 14 008 0.07 N3z 45 20 ¥ [ 28 ) 19
Down Gradient 0032 165 5 | 009 0.03 NA 70 T4 23 Nia NA NA
Delig™ 0.002 05 . -9 0.01 -0.04 NA 21 16 iz N N/A NiA
|October 07 o _ . — . ]
Up Gradient 0.033_ B3 1 007 0.06 635 24 8 7 i 5 85 181
Down Gradient 0035 18 155 0.11 009 NA - 44 0T 14 NIA NA L NA
IDetta™ 0.002 5 4 0.03 0.03 NA 20 -3 N/A NA  NA
|Novermber 07 o I e T o ]
[Up Gradien! 0.031 12 15 0.06 008 _ 368 16 1 8 a8 6.8 48
Down Gradient* 0.033 11 95 006 0.05 NA 22 24 _ Na NA | Nia
Delta™ 0.002 1 5 0.00 -0.02 N/A 6 9 1 NA Nia NiA
Notes:

1) TP = Totat phosphorus.
2) 8RP = Soluble reaclive phosphorus or orthophosphale.
3) TDP = Total dissolved phosphorus

4) Flows were unavailable during Dec -Feb 141h due to 1SCO maifunction caused by extreme cold.
5) A negative value indicates a decrease from the upgradient (o downgradient values. i.e. downgradient - upgradient.

8} Inverness surface water was not tested during December for TDP.
7) Below detection limit
8) No open channel downstream of PRF to faciiitate measuring flow.

9) Flows during February, March and April are represented by monthly average values.
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Date

12/27/2008
12/27/2006
12/27/20086
12/27/2006
1/25/2007
1125/2007
1/25/2007
2/28/2007
2/28/2007
2/28/2007
2/28/2007
3/27/2007
3/2712007
3/27/2007
3/27/2007
442612007
4/26/2007
4/26/2007
6/6/2007
6/6/2007
6/6/2007
71212007
7/2/2007
7/2/2007
712712007
712712007
712712007
9/5/2007
9/5/2007
9/5/2007
9/5/2007
10/10/2007
10/10/2007
10/10/2007
11/16/2007
11/16/2007
11/16/2007
12/10/2007
12/10/2007
121012007

Field Parameters - Invernass Site 2 (Up Gradient)

Time

9:50
9:52
9:54
9:56
14:43
14:44
14:45
10:29
10:30
10:31
10:32
10:06
10:07
10:08
10:09
8:37
8:38
8:39
7:54
7:55
7:56
9:40
9:41
942
9:23
9:24
9:25
11:56
11:59
12:01
12:03
10:34
10:35
10:36
10:18
10:20
10:22
11:20
11:23
11:24
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Table C-10

pH

7.28
7.25
723
7.22
7.33
7.32
7.34
7.18
7.25
7.26
7.24
7.08
7.1
7.12
7.13
721
7.21
7.21
7.03
7.02
7.03
7.05
7.07
7.08
7.18
7.18
7.20
7.30
7.21
717
7.18
7.55
7.56
7.58
6.32
6.29
6.28
6.43
6.43
6.42

30f9

Temp (°C

11.6
12.0
12.0
12.0
10.2
10.5
10.5
8.9
8.6
9.0
9.1
8.9
8.9
8.9
8.9
8.9
89
8.9
10.2
10.1
10.1
11.7
11.4
11.5
12.9
12.8
12.8
14.6
14.4
14.1
14.1
14.4
14.4
14.3
14.1
14.0
14.1
131
13.2
13.2

Cond {ms/cm)

1.93
1.94
1.93
1.94
2.05
2.05
205
2.48
2.45
2.45
245
2.59
2.58
2.58
258
2.64
2.64
283
2,53
253
2.53
2.32
2.32
2.30
2.05
2,05
2,05
2.00
1.96
1.96
1.96
1.85
1.84
1.84
1.87
1.86
1.85
1.88
1.89
1.90



Date

12/27/2006
1212712008
12/27/2008
12/27/2006
1/31/2007
1/31/2007
1/31/2007
1/31/2007
1/31/2007
2/28/2007
2/28/2007
2/28/2007
2/28/2007
3/27/2007
32712007
3/27/2007
3/27/2007
312712007
4/26/2007
4/26/2007
4/26/2007
4/26/2007
6/6/2007
6/6/2007
6/6/2007
71212007
71212007
71212007
7/27/2007
712712007
71272007
8/5/2007
9/5/2007
9152007
10/10/2007
10/10/2007
10/10/2007
10/10/2007
11/16/2007
11/16/2007
11/16/2007
11/16/2007
11/16/2007
12/10/2007
12/10/2007
12/10/2007

Field Parameters - Inverness Site 3 {Down Gradient)

Time

16:12
16:14
16:16
16:18
13:10
13:15
13:17
13:19
13:20
8:57
8:58
8:59
9:00
8:57
8:58
8:59
9:00
9:01
8:12
8:13
8:14
8:15
8:20
8:21
8.22
9:19
9:20
9:21
9:03
9:04
9:05
11:28
11:30
11:32
10:14
10:15
10:16
10:17
9:40
9:42
9:45
.47
9:.48
11:00
11:.01
11:02
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Table C-11

pH

7.08
7.08
7.06
7.05
6.85
7.99
7.1
7.13
7.15
7.13
7.16
7.16
7.17
7.07
7.07
7.14
7.15
7.12
7.11
7.20
7.21
7.21
6.03
6.94
6.96
7.00
7.00
7.00
7.00
6.98
6.98
7.29
7.19
7.16
7.04
7.156
7.21
7.26
6.43
6.25
6.21
6.18
6.19
6.30
6.29
6.30

6of9

Temp (°C

13.2
14.0
14.0
14.0
9.8
11.6
11.4
12.1
12.0
10.5
10.6
11.0
10.9
10.1
101
10.2
10.1
10.1
9.2
97
9.6
9.7
10.4
10.4
10.2
1.3
11.4
11.2
12.5
12.5
12.4
14.0
13.8
13.7
14.5
14.2
14.2
14.1
15.0
14.9
15.0
15.0
15.0
14.2
14.3
14.3

Cond {msicm}

3.00
3.00
3.00
3.00
3.25
3.17
3.17
3.17
3.16
2.96
2.96
2.95
2.97
2.93
2.93
292
2.93
2.93
2.88
2.80
2.80
2.80
2.73
2.73
2.73
2.76
2.80
2.80
262
2.62
262
2.82
282
2.81
2.93
2.94
2.93
291
2.96
2.96
2.94
2.94
2.94
2.95
295
2.94



Date

12/27i12006
12/27/2006
12/27/2006
12/27/2006
1/25/2007
112512007
1125/2007
2/28/2007
2/28/2007
2/28/2007
2/28/2007
312712007
3/27/2007
3/27/2007
312712007
412612007
4/26/2007
4/26/2007
6/6/2007
6/6/2007
6/6/2007
71212007
71212007
71212007
7127712007
712712007
7/27/2007
7/27/2007
9/5/2007
9/5/2007
9/5/2007
9/5/2007
10/10/2007
10/10/2007
10/10/2007
10/10/2007
11/16/2007
11/16/2007
11/16/2007
12/10/2007
12/10/2007
12/10/2007

Field Parameters - Inverness Site 4 (Down Gradient)

Time

10:22
10:23
10:24
10:25
13:57
13:58
13:59
8:30
8:31
8:32
8:33
7:56
7:57
7:58
7:59
7:38
7:39
7:40
8:50
8:51
8:52
8:46
8:47
8:48
8:35
8:38
8:39
9:41
10:45
11:00
11:02
11:03
9:48
9:50
9:51
0:52
9:12
9:13
9:14
10:28
10:30
10:31

L:AProjects\CCBWQAWPRF Study\WQ Results\WQSummary

Table C-12

eH

6.80
6.92
6.95
6.96
7.46
7.44
7.43
7.16
7.16
7.16
7.16
7.10
7.11
7.08
7.08
7.05
7.08
7.08
6.93
6.91
6.91
7.02
7.03
7.04
6.70
6.86
6.90
6.92
7.19
7.22
7.15
719
6.84
6.91
7.02
7.00
6.16
6.20
6.18
6.29
6.27
6.26

9of0

Temp (°C

12.9
131
13.4
13.2
12.9
13.1
13.0
12.1
12.5
12.6
12.5
12.5
12,6
12.8
12.6
12.4
12.4
12.3
12.4
12.2
12.2
12.8
12.5
12.6
13.4
12,6
12.6
12.7
13.3
12.9
12.9
12.7
129
12.7
12.5
12.4
13.2
13.1
13.2
13.3
13.2
13.2

Cond (ms/cm)

1.98
1.99
1.99
1.99
1.95
1.96
1.06
1.85
1.96
1.96
1.96
2.03
2.04
2.03
2.04
2.35
2.34
2.34
2.30
2.30
2.31
2.48
2.48
2.50
245
n/a
2.41
242
2.23
2.21
2.20
2.19
2.14
2.13
2.12
2.12
2.00
1.99
1.98
1.99
1.97
1.97
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