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Project Summary

ol toés the connection bet ween the [ and and t
Jay Michels

Rice Cre&, know locdly and hereafter in this repas Spring Brok, is a designated trout stream that drains dlsma
watershed (4130 a®ein northcentral Rice County.A map of the watershed is shown in Figurét is the only
coldwater fishery in the county and one of few in the Cannon River watershed. In the pdstndsota Department of
Natural Resource®NR) used stock from Spring Brook in its hatchery and stocking efforts around the state. The
watershed is in the urban expansion areas dfittes of Northfield and Dundas andliscated withinBridgewater
Township.Agriculture is the predominatandusein thewatershedhowever it is likely thatsuburbardevelopment will
occur in the next decadé&igure 2 shows the land use in the watersdratiFigure 3 shows the urban expansion
boundarie®f Northfield and DundasAt present, much of the watershis planted in corn and soybean row crops with
two beef cattle feedlots/grazing operations located between Decker Avenue and ArmstrongHeasgper portion of
the watershed is County Ditch 22. The trout stream portion of the watershed begins Av@attesand continues
downstream to the mouth at the Cannon River.

Figure 1¢ Spring Brook Watershed




Hgure 2¢ Land use in the Spring Brook Watershed
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Cannon River Watershed Partnerst@RWP) began work to foresee protection for Spring Brook in 1997 with assistance
from the Legislative Commi ssion on Minnesota Resour ce¢
and public and private agency personnel was formed awdi@ed greliminaryreporton the health of the stream and its
watershed Recommendations of that report included further water quality data collection. obtenpaddressed by

this prgect was to help fill the gap of water quality and quantity datadryorming some basic monitoring at two sites in

the watershedrmstrong Rd (Dundas Blvd) and Cates Avenue.

Grart funds for this project weravailable from July 1, 200érough Jun&0, 2008. In order to complete two full seasons
of monitoring, CRWP plas to continue to collect datasing other funding, through October 2008e Will only be
reporting data through early June 2008his report

Sample sites for the project included Armstrong Rd (Dundas Blitd)number S00445 and Cates Avenuysite

number S00H446. A map bthe sites is shown in Figureadhd hotos of the sites in Figures 5 andBhe site numbers
correspond to the STORET identification numbers used by the Minnesota Pollution Control Agency (MPCA) and the U:
Environmental Protgion Agency for surface water sampling sit&Jater samples were analyzed for total suspended
solids (TSS), total phosphorus (TPE. col samples were collected as part of a separate CRWP project. Carleton
College conducted a Nitraté monitoring poject in 2006. Feld measurements for transparencyevesllected by

volunteer citizermonitorsat Decker Avenue (located between Cates and Armstrong) and Armstrong EGRAMP staff
collected transparency data Cates and Armstrong sites in 2007 an@&ab®ious monitoring equipment was used to
measure level, flopand temperature in 2007 and level and temperature in 2008. A wading rod was used to measure flc
in June2008.

CRWP has been working on a River Friendly Farmer Project with funds fronutie®undation. Part of this project
involves working with landowners and operators to review their existing farming practices and consider changes that
could be made that would improve water quality. Data has been collected about land use, croppihgr pacameters
that will be beneficial to understanding the inputs to Spring Brook.

The staff at CRWP hopes that the information collected during this project will be useful to all our partners as we work
toward protecting and improving the water quyadihd habitat of the Spring Brook watershed. alpropriatestream

sample dat&as been submittdd the MPCA STORET database. Continuous temperature data is provided on the CD tha
accompanies this report and will be available to DNR in electronicatamthe future if requested.

Figure 4¢ CRWP and Citizen Volunteer Water Quality Monitoring Sites
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Figure 5¢ Armstrong Rd Sample Si{&001445)¢ April 2008
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In order for trot populations to thrivéhe conditions in the stream must meet certain criteria.

om a Trout Unl i mi t

The following table is excerpted fr
their Habitatso, by

Science to Protectand RestomCd wat er Fi shes and

Table 1i Characteristics of a Healthy Trout Steam (Trout Unlimited)

Characteristic Description

Habitat Diversity Roughly equal numbers of pools, riffles and runsusth be present. Complex braided channels
are preferred over simple, straight streams.

Large wood Downed trees and other large woody debris functions to create pools, store sediments, ang
source of needed organic matter.

Water quality Cool, polutanti free water is critical to spawning juvenile rearing and adult resting habitat fo
many fish species. Generally, < 16 eC (
rearing.

Flow regime The hydrograph is similar in intensity andfl@mounts to historical conditions. Minimum flow

are important but high flows may be required at certain times to dig pools and move sedimg

Riparian vegetation | Adequate riparian vegetation is needed to shade streams, protect banks from sever@aedosi
provide nutrients.

Deep pools Sufficient deep pools are necessary as thermal refuges and holding habitat for many fish s

Width to depth ratio | Generally, deeper and narrower streams provide better habitat than shallower, wider strear

Bankstability Banks should be 890% stable. Some erosion is needed, but too much is detrimental.

Fine sediments Stream substrates should not exceed 20% fine materials (clay, silt and sand) in riffles. Mos
streams suffer from high loads of sediment.

Thescope of this projectvas to gather data foremperature, flow and water leweHanges, and some water chemistry
parameters. Physical charateristics of the streamasuelosion, vegetation, and kastability werebeyondthe scope of

this project. In depth analysis of data was also beyond the scope of this project, however some commentaries are mad
when possible.

Several walking surveys were conducted on parts of the stream between Cates Ave and Armstrong Rd in 2007 and 20
We noted the presenoé deep poolssharp turnsand sinuosity in the channéts of downed trees and overhanging
vegetatiorthat would provide good trout habitat and help keep the water Eaplre 7 shows some of the downed trees
with a turtle sunning itself on a rockVe also noted undercut banks, erosion, agricultural drainage tile, and the presence
of cows grazing next to thereim on manyccasionsKigure §. These conditions are not conducive to good trout

habitat.



Figure 7¢ Downed trees over streamMay 2008




Water Level and Flow Data

Background

As stable flows are important to a healthy trout stream, we endeavored to collect continuous level and flow data on Spr
Brook. By having this level and flow datwe hoped to be able to develop a rating curve that could be used to estimate
flows in the future based off water level measurements

Methods

Continuous water level was measured at the Cates and Armstrong sitesMigiog PDCR 183@epthlevel presure
transducers and Campbell Scientific CRSthfaloggers The program for recording data wasvidedto CRWP by the
MPCA. The pressure transducer waaced between the downstream side of the cohdert andrailroad bridge at
Armstrong Rd, and dowtream of the three road culverts at Cates Aater level was recorded evdiffeen minutes.
The monitoring period in 2007 was from April 80)October 15. Due to dry conditions, the Cates site did not have flow
from late July thru migAugust.

Tapedown nmeasurements were taken, when samples were collettedth sites to determine stage and verify that the
pressure transducer readings were on targeteference point a20.0 was assigned to the Armstrong site. The tape

down measurement was reded from the top of the wooden rail of the bike bridge from the center of the bridge at a
marked spot. A reference pointmDwas assigned to the Cates site. The tape down measurement was recorded from th
downstream side of the center culvert at ak®a spot at the top center of the culvert.

Continuous flow was measured at the Armstrong Rd site using an ISCO 41#i@vaggerin 2007 The sensor was
placed in the road culvert on the east side. The culvert is a circular, corrugated metal pdweithpa diameter of 9.5
feet. Thewaterlevel, volume and flow were recorded every two minutes. No flow monitoring was conducted at the
Cates Avenue site in 2007The level and flow data from these devices were used to develop a rating curve tizestima
flow at various stages.

Due to the short time of the grant project in 2008 (ending June 30, 268&8)my meter on a wading rod and an Aqua
Calc were used to measure flow at both sites under various flow conditions.

Results

The flow in Spring Brook wasextremely low in late July of 2007 and had dried up between Cates Ave and Decker Ave
due to very little rainfall. Walking this stretcBRWP was able to determine where the springs were contributing to the
base flow conditions present at Decker Avenub.€Tr e was water flowbPBglad8t 186806 B4
puddl es at La?3dU22B2@8B82dMndomeyond upstream. The spr
stream where there is a trout fishing easement. A flood in Au§@80d produced very high water levels.

A complete set of all the level and flow data collected is provideteitronic format in Appendix 6f the CD provided
with this report. Analysis of flow and level data for 2007 was primarily complétgdlatural Resources Information
Providers.

An important aspect to consider when using data is the quality of the data. If the data quality is not good, then the dat
should not be used. This appears to be the case with the water level data collected atgARositiovith the pressure
transducer.Beginning on 6/12/07, the stage record recorded by the Druck pressure tra(Bdwecer9 at the Armstrong

site appears to be become invalid. This date (6/12) was also first time that offset was changeddr(dhe fielis abrupt

drop in stage is accounted for). After initial offset change, stage was basically a flathareging only at points of
subsequent offset changes (7/3, 7/17, 8/21, 9/4, 9/18). This suggests that an inadvertent programmingachange or
transducer malfunction fouled operation. The value of this stage record is minimal.

The Druck pressure transducer at the Cates Ave site tracked well throughout thelBd0fFaBon (Figure L0according
to the recorded stage data and the field notesxhibited some drift during low flow, but was very close to measured
stages at medium and high flows. There were no discharge measurements made at this site in 2007.



Figure 9¢ Stage record from Druck pressure transducer at Armstrong Ro2007
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Figure 10; Cates Avenue water level data 2007
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The ISCOdevicein the culvert at Armstrong Roddhcked fairly wellfor much of the 2008eason. The velocity record
(Figure 1) took on a new pattern on 5/29/07: the daily range of values indre#ise not clear why this occurred.

However, a field visit was recorded on 5/29/07. CRWP staff confirmed that an attempt to reprogram the logger was me
on that day.The generally receding velocity record corresponds to the generally recedingestageof early summer.

The velocity values at first glance seem to be very highffisec), but considering the speed at which water enters the
culvert, the values are in the range of possibility. CRWP staff verified (in June 2008) by way ofsitghathese

velocities seem reasonabl€he stage recorgFigure 13 is somewhat fragmented but seems to have captured the overall
seasonal variation.

Figure 1L ¢ Water velocity data at Armstrong Road measured with ISCO devR@07

Spring Brook at Armstrong Road
Velocity Data
4/30/07 to 9/20/07 (half hour intervals extracted)
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The tapedown values do not exhibit the same numerical changes recorded by the ISCO, but the regressi@voitape
values and ISCO stage is féligure 13. The tapedown reference point was at the bottom of the culvert slope (adjacent
to the plunge pool), and the@® AV sensor was at the top of the culvert (the culvert is sloped); it follows then that a
given change in surface water elevation at the RP may not necessarily correspond to precisely the same change in sur
water elevation over the AV sensor. Theerefice point at the bottom of the culvert was chosen to track the Druck
pressure transducer, which was mounted in the plunge pool. It should not be used then to correct the level data recorc

by this ISCO; however, that there is a fair correlation betviiee tapedown values and ISCO stage lends some
credibility to the ISCO data.

Figure 14provides a summary of the 2007 flow (cfs) at Armstrong Road. At the peak flow during the August 2007 flood
the maximum water level recorded at the head of the ¢uhae approximately two feet; the maximum velocity reached
10 feet per second; the maximum computed flow was approximately 110 cfs.



Figure 12; Stage (water level) data at Armstrong Road measured with ISCO deA087
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Figure 13; Relationship betveen ISCO stage and Tap®wn measurements at Armstrong R®2007
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Figure 14 Flow data at Armstrong Road using ISCO devi2z807

Spring Brook at Armstrong Road
Flow Data (as computed by ISCO)
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The relationship between stage and discharge, as recorded by the ISCO device, appears to be sound. Over the range
values recorded, the relationship is approximately linear. A rough approximation of flow through the culvert at
Armstrong Road could be achieved with the following equation: Flow (cfs) = 50er Veael (feet) 10. Figure 15

provides a rating curve usirglinear regression. Using the ISCO AV sensor has provided a continuous record of

velocities and discharges at the mouth of the stream over a good range of stage values.

Hgure 15¢ Linear regressionating curve for Spring Brook using ISCO flow aexkl data- 2007

Spring Brook at Armstrong Road
Rating Curve (data from ISCO)
4/30/07 to 9/20/07 (half hour intervals extracted)
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Due to the flashiness of thisreamjt may be difficult to record discharge measurements with a standard flow meter.
Since the 2008 portion of this project was limited we decided to try using the wading rod rather than insdafi@gth
sensor. Table 2 displays the results from that effort.

Table 2¢ Flow data at Armstrong Rd and Cates Ave sites in 2008 using wading rod
Date Flow (cfs)| Stage (ft)

June 5, 2008 (Armstrong)| 10.65 6.10

June 11, 2008 (Armstrong 7.63 6.36
June 182008 (Armstrong] 8.45 6.28
June 27, 2008 (Cates) 1.24 1.76

Water Chemistry Data

Background

Spring Brook was added to the State of Minnesota 303(d) Impaired Waters list in 2006 for a turbidity impairment
affecting aquatic life.Sediment and high turdity affect the biological communities of streams in a variety of way such
as:

(1) Increased turbidity reduces the ability of organisms to visually locate food. This is important for predatory
fish.

(2) Loss of spawning habitagspecially in trout wateras theyrequire gravel substrate which is easily covered
by sediment.

(3) Sedimentation affects the distribution of fish/macroinvertebrate species because each species possesses
different levels of tolerance. This results in an unbalanced biological community.

(4) Sedirrentation leads to less riffle, pool, run habitat types, which support the greatest species diversity. (Allan
1995).

Nutrients, such asitnogen and phosphorushould not typically affect trout directly, with the exception that high

ammonia levels coulle toxic to fish fike Swift, personal communication July 23, 2008). However, excess nutrients
can lead to algae bloorasid reduced dissolved oxygen levels a shallow, low order stream, nutrients will influence
growth of periphyton (algae that attachsubstrates). Excessive periphyton can affect spawning habitat and may have ar
overall impact on the food chain in the stre@teyeHeiskary, personal communication, July 23, 200)e presence of

E. coli indicates that animal and/or human wadgt®t contain nutrientgre getting into the stream.

Methods

Water samples were collected by CRWP on a weekly basis and after rainfall events when possible fio@ctqivér

2007 and Aprili early June 2008. In 2007 samples were analyzed for tofasded solids (TSS) and total phosphorus
(TP) as well as E. coli bacteria. The E. coli samples were part of a separate grant that CRWP received from the MPCA
but as the data is relevant to this project it is being reported here as well. Samples hyeed agastate certified
laboratoriesMVTL Labs in New Ulm, Minnesotand RMB Environmental Lakie Detroit Lakes, Minnesota

CRWPmeasured transparency using a transparency tube at both sites in 2007 arild 2008.a 60 cm transparency

tube was ustand in 2008 a 100 cm transparency tube was used, thus the differences that can be seen in the results.
volunteer citizermonitor collected this data at the Armstrong Rd site in 2006. Transparency data was collected by a
CRWP citizen volunteer monitat the Decker Avenue site in 2006, 2007 and 2008 as well as for years prior to the start
of this project.

12



The Carleton College Geology Department conducted a study in the summer of 2006 looking allNiitaes in

Spring Brookan agricultural drainle discharging to Spring Brook at Cates Avenue, and ultimately into the Cannon and
Mississippi Rivers. Sites were sampled weekly evéekly from Jungéhrough August NitrateN was measured in the

field using a Nitrate lon Specific Electrode Sensor.

The Minnesota Department of Agriculture, under the direction of Mark Dittrich, is conducting a project to evaluate the
used of wood chips in removing nitrates from agricultural drainage tile water. The project is taking place on the
Schroeder farm in th8pring Brook watershed. The tile line discharges to the County Ditch 22 portion of Spring Brook.
CRWP has provided financial support to this project. The MDA has been monitoring the water quality in the tile line an
in the ditch upstream and downstreaf the tile line. As of the writing of this report, data was not yet available from the
MDA but they will provide results to CRWP upon completion of their project.

Results

A summary of the sample results are provided ire@BI 5 below. Graphs illusating this datand the full data setre
provided in Appendix A. Site SO0445 is Armstrong Rd, Site SO@6 is Cates Avenue, and Site S@RBM is Decker
Avenue. All water sample data collected by CRWP for 2007 has been submitted to the MPCA ST&REASd. Data

for 2008 will be submitted in November 2008. A summary of the data from the Carleton project is presented in Table 6
and amap of the sites is in Figure bélow. A copy of the complete report is included as Appendix D.

Table3 ¢ Spring Book Water Chemistry Data SummaArmstrong Rd and Cates Ave St@807

2007 Sample Minimum Maximum Median Average Range # of Samples
Summary

S00t [ SO0t | SO0t [ S00: | SO0t [ SO0t | SO0 | SO0t | SO0 | SO0t | SO0 | S00%
445 | 446 | 445 446 445 | 446 | 445 | 446 | 445 | 446 445 | 446

Transparency 6.5 8.7 >60 >60 58 >60 51 52.3 545 43.6 32 29
(cm)

TSS (mg/L) <1 <1 123 40 9 4 13.15 | 8.8 122 39 34 30
TP (mg/L) 0.022 | 0.026 | 0.487 0.511 | 0.105 | 0.127 | 0.122 | 0.188 | 0.465 | 0.485 | 34 30
E. coli (MPN/100 69.7 | 4.1 >2419.6| 2419.6 | 727 248.1 | 8782 | 426.2 | 2350 | 24155 | 32 29
ml)

Table 4¢ Spring Brook Water Chemistry Data Sumng@fArmstrong Rd and Cates Ave Ste08

2008 Sample Minimum Maximum Median Average Range # of Samples
Summary
S00t | SO0r | SO0t | SO0 S00t | SO0r | SO0: | SO0t | SO0r | SO0t | SO0t | SO0
445 446 445 446 445 446 445 446 445 446 445 446
Transparency 17.2 16 >100 | >100 97 >100 | 81.9 85.1 83.8 84 13 12
(cm)
TSS (mg/L) <1 <1 49 25 4 2 9.59 4.0 48 24 14 14
TP (mg/L) 0.021 | 0.037 | 0.22 0.189 | 0.061 | 0.067 | 0.069 | 0.078 | 0.199 | 0.152 | 14 14
E. coli (MPN/@O | 1 1 344.8 | 1299.7 | 53.05 | 13.8 72.4 190 343.8 | 1298 | 12 12
ml)
Nitrate- N (mg/L) | 2.06 2.32 16.6 17.7 11.6 12.1 11.30 | 11.89 | 14.54 | 15.38 | 10 10
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Table 5 Transparency Tube DatgDecker Ave Site 2007 and 2008

Decker Ave Minimum Maximum Median Average Range # of Samples
(5001444) 2007 | 2008 | 2007 | 2008 | 2007 | 2008 | 2007 2008 2007 2008 2007 | 2008
Parameters

Transparency 6 4 60 60 60 60 46 41.1 54 56 37 11
(cm)

Table 6¢ Carleton College Research Projelitrate-N (mg/l) valuesn Spring Brook JungAugust D06

Site Minimum Maximum Median Average Range Number of
samples

1, Bachrach Ave| 1.26 19.55 3.35 7.36 18.30 8

2, Millersburg 1.39 17.22 3.18 6.70 15.84 8

Bivd

3, W of Cates 2.65 14.00 5.13 6.87 11.36 10

Ave

4, Cates Tile 17.51 23.74 21.92 21.04 6.23 5

Line*

5, E of Cates 2.49 16.20 5.02 7.49 13.71 10

(S001446)

6, Decker Ave 12.07 16.64 15.07 14.89 4.58 8

(S001444)

7, Dundas 13.92 16.96 15.45 05.57 3.05 8

Blvd(S00445)

*Water was not flowing in tile line after July 21, 2006.

Figure 16 CarletonCollege Nitrate Sample Sites 2006

O  Sample locations

01248 28 a0 Kilometers
o051 2 Kilometers
Cannon River Watershed Lo bl
Rice Creek Watershed
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Under low and normal flow conditions the stream is typically csazan be seen by the maximand median values of
transparency and TSSStorm events cgoroducesignificant increaseis turbidity that carry and depit sediment on the
stream bed. This results in habitat degradation and causes problems for aquatiedite find food In 2007,
transparency and TSS data exlatia range of values at basites;however the Armstrongite had a much higher range
of TSS values Land use practices between the Cates and Armstrong sites may be contributing to this condition.

Figuresl7i 19illustratethe condition of the water after a storm evemtOctober 1, 2007

Figure 17 Cates Ave;, Octoberl, 2007 storm
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Figure 19 Armstrong Rd; October 1, 2007 storms (stream is to the right side of photo going into culvert)

Typical stream water quality conditions in the Western Corritlalhs Ecoregion, where Spring Brook is located, are:

TSS =10/ 61 mg/L, TP = 0.16 0.33 mg/L, Fecal Coliform bacteria 7890 (organisms/100 mland NOx = 1.47.4

mg/L (MPCA website, accessed 7/28/08ledian valuesor TSS, TP, and Ecoli atbothsites weréelow towithin the

typical range. However, the maximum TSS value at Armstrong Rd in 2007 greatly exceeded the typicalltange.
maximumTP andE. coli values at both sites in 2007 were also far in exceedance of the typical values. kdian a
maximum nitrate values measured by CRWP in Apribughearly June 2008 at both sites were greater than typical
values as wellIndividual E. coli datavere much higher at the Armstrong site indicating the two feedlots between Decker
Avenue and Armstmg Road are having an impact on the water quality.

The Carleton College project found nitrate median values within typical range in the county ditch upstream of Cates Av
drain tile input and values just within and above the typical range downstreais lot#tion. DeckeAvenue and

Dundas Blvd (Armstrong Rd) had median and maximum levels that were much greater. Based on this data, it appears
that the agricultural drainage tile at Cates Ave and other draamabagricultural practicdsetween Catesnd Decker are
causing elevated nitrate levels in the stream.

Water Temperature Data

Background

Accoding t o the Minnesota DNR, trout need col dextenadde r an
periods of timg MN DNR, @A Tr o utn vainrdo nt nBest pSiutanéfeeenwater is critical to spawning
juvenilerearing and adult resting habitat for many fish species. Genefally, &ne Bed f or spawning
for rearing (Trout Unlimited, 2006)

Methods

Continuous temperate monitoring was conducted frauhay throughOctober 2007, anfitom April to early June 2008.
Temperature data was collected using HOBO®U22 Water Temp Prov2 loggers. The loggers were set to record water
temperature every fifteen minutes in degreéakremeit. One logger was installed at the Cates Ave site in the pool next to
the pressure transducer (level monitofhelogger was reinstalled in April 2008 at this site. One logger was installed at
the Armstrong Rd site in the pool upstream of the ragwect. After a very large rainfall in August we were not able to
locate the logger as it either was washed away or buried in sedifmeetv logger was loaned to CRWP for this site in
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2008 by the DNR Fisheries office in Waterville, MN. This time it iwesalled in the stream next to the pressure
transducer and attached in a manner that should be more secure.

Results

Rainfall and flow were very low in 2007 and the Cates Ave site dried up for a pofrtiom season dhere is agap in the

data record.The temperature logger at the Armstrong site was lost after the August floods so that record ends August 6
2007. The data from 2008 is from April 19une €.

The entire set of sample data are provided as an electronic file attachment to this toédusuenmary of thelata is
presented in Table. 7Averageand maximundaily tempertures are displayed in Figures 2Bough23.

Table 7¢ Spring BroolContinuousSeasonad I G SNX SYLISNI (4 dzZNB 66 CO

Site/Year Min | Median | Max | Average| Range| # of samples
Armstrong 2007 (5/t, 8/6) 46.62 | 61.29 74.73| 61.01 28.11 9370
Armstrong 2008 (4/19 ¢ 6/9) 37.47| 5163 | 63.18| 51.34 25.71 5014

Cates 20075/1-6/29) & (8/23¢ 10/9) | 44.90| 61.46 | 79.74| 61.56 | 34.84 10294

Cates 20084/19 - 6/9) 37.42| 51.72 |67.11| 51.48 | 29.70 5025

Figure 20; Daily Average Water TemperatureArmstrong Rd andCates Avedtes ¢ 2007 (May ¢ October)
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