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INTRODUCTION

Project Scope

The emphasis of the Little Comfort Lake watershealdl assessment study is to pinpoint the
area(s) of loading between the Bone Lake outletlattie Comfort Lake inlet, in order to better
prioritize, and site, potential watershed-basedegts to achieve the best load reduction in
order to meet the lake’s short-term and long-teoalgy The short-term goal for Little Comfort
Lake is for an in-lake summer mean phosphorus adretgon of 40 ug/L. In order for the lake
to meet its short-term goal, it would need to reduts current load (1,255 pounds/yr)
phosphorus to 577 pounds (roughly a 65% reductianii reduce loading by another 161
pounds to meet its long-term goal.

Further, any reduction in the phosphorus load ® ldke will provide a reduction in the
phosphorus load to the St, Croix River, thus inficiag the St. Croix Basin Teams goal of 20%
phosphorus load reduction to the St. Croix River.

Background

The Comfort Lake Forest Lake Watershed District FCWD) is a 47 square-mile watershed in
the St. Croix River Basin with numerous valuableeks streams, and wetlands. The District’'s
proximity to the Twin Cities Metro Area (TCMA) asell as its complex drainage to the St.
Croix River makes this an area of great concernafipropriate water resource management.
Five (5) of the District lakes are listed as impdirby the MPCA due to excessive nutrients,
and although Little Comfort Lake (MNDNR ID# 13-005% not currently listed three (3)
upstream lakes are (Moody, Bone, and School lakes]),the lake immediately downstream
(Comfort Lake) are.

The Little Comfort Lake watershed comprises 4,4tfes (14% of CLFLWD) starting at the
Bone Lake Outlet (Figure 1). This area includese¢hnamed lakes and their watersheds:
Nielson Lake, School Lake and Birch Lake. A reberdompleted watershed-wide load
allocation modeling effort further broke the watedd down into 52 separate subwatersheds
(CLFLWD, 2007). The portion of Little Comfort Lakeatershed downstream of School Lake
encompasses 1,740 acres (6% of CLFLWD). The triguéand use is wetlands (25%), cropland
(21%), grassland (21%) and forest (17%). Thereévaoemain inlets to Little Comfort Lake; one
that receives flows from School Lake, and anothmex entering Little Comfort Lake along the
southern shore (LCLA48).

The watershed drains by way of naturally meandecimgnnels (through LCL04, LCLO7 and
LCLO3) from School Lake (over a beaver dam norttacfand and gravel operation) through
forest buffered wetlands and through a couple d¥ests under road crossings into Little
Comfort Lake. The watershed, upland of wetlandswaadds, is mostly grassland and cropland
with very few residences.

Drainage that collects along the southern shoreLd8} of Little Comfort Lake is from two
drainages. The south drainage originates in aawétcomplex at the watershed divide with
Forest Lake (LCL47) and drains north to Little ComfLake. East of this drainage route is
developing residential, while to the west of thimidage route remains cropland. The
southwest drainage also originates in a wetlandhatwatershed divide with Forest Lake
(LCL44) and watershed divide with Sunrise River.dhains toward Little Comfort Lake
through cropland, by way of the watershed’s renmgni  wetlands.



Figure 1. CLFLWD subwatwershed with subwatersheddentification numbers by lake drainage districts



Past monitoring, and the recently completed loddcation modeling effort, has revealed
increased phosphorus loading between the outl®&ooke Lake to the inlet of Little Comfort
Lake (monitored since 2004). The load allocationdeling effort has led to the development
of a District-wide Capital Improvement Program (LIl® address nutrient loading issues
(including those along the Bone Lake to Little ComflLake stretch). The District's CIP
discusses two potential wetland restoration prejdetit mentions the need for further study to
determine the prioritization and siting of the ijs) in order to address the area where the
loading is and provide the most “bang for the buckphosphorus load reduction.

Three (3) tributary sites between the Bone LakdeDand Little Comfort Lake inlet, as well as
three (3) lakes (Bone, School, and Little Comfom)ere monitored as part of the load
assessment study, in order to help determine aimlitpre remedial alternatives to address
loadings to Little Comfort Lake. Monitoring locatis are shown on Figure 2. The desired
outcome of the study is to help prioritize watesased projects in the District's CIP in order
to help the lake meet its short-term and long-tgoals. The success of the assessment and
eventual project(s) implementation to meet in-lgjaal(s) will be determined through the
continual monitoring of system as part of the Di$s monitoring program.

Methods

As part of the assessment project three (3) coatisulow monitoring sites will be set-up
between Bone Lake and the Comfort Lake inlet (oneluly Avenue, one on Manning Trail,
and one at the inlet to Little Comfort Lake) ané ttollection of grab samples throughout the
year at each of the three (3) sites in order terdehe phosphorus and suspended sediment
loads. Site set-up and monitoring was completedhay Washington Conservation District
(WCD). Water quality samples were collected athesite between April and October during
base and storm events, as well as at least twinerdh from June to September. Analyses for
each included total and dissolved phosphorus, bahl nitrogen, nitrate/nitrite, ammonia,
total and volatile suspended solids total chlori@ed E. coli. There were a total of five (5) E.
coli samples collected at each of the three (utary sites (monthly between May and
September). In addition, temperature, dissolvegger, pH, conductivity and transparency
tube measurements will be collected in the fieldstaff during site visits.

In addition, total phosphorus and total suspend®id $oads for each site will be calculated
from the collected data, and a report on the $iteding prepared.

Additionally, water quality data was collected finree lakes Bone (MNDNR ID# 82-0054),
Little Comfort (MNDNR ID# 13-0054), and School (MNNR ID# 13-0057). In 2009, the
lakes were enrolled in the Metropolitan Council'stizen-Assisted Monitoring Program
(CAMP) and were monitored at pre-determined locetion two week intervals from mid-April
to mid-October. During each event, Secchi trarespey, water temperature, user perception
and climatological information is collected. Inditibn, surface water samples are collected for
lab analyses which include total phosphorus (TBjalt Kjeldahl nitrogen (TKN), and
chlorophyll-a (CLA). The chemical analyses aref@ened at the Metropolitan Council
Environmental Services (MCES) laboratory, followitdSEPA approved methods. A full
description of each program’s methodology can be undo at
http://www.metrocouncil.org/environment/RiverLaKeskes/index.htm

Each lake has been monitored through CAMP in tts. pBlistoric data are available for Bone
Lake (monitored through CAMP since 2001), Little ifort (annually monitored through

CAMP since 2006), and School Lake (monitored thro@AMP since 2005 [2008 included
just Secchi information]).



The resulting 2009 data for the three (3) tributamtgs and three (3) lakes was provided for
entry in the STORET system and is included withi& Results section of this report.

Figure 2. Little Comfort Lake watershed assessmarject monitoring locations



RESULTS

Water Quality Analysis

Tributary Monitoring

The unnamed tributary to the Sunrise River thatvéldrom Bone Lake to Comfort Lake was

monitored for water quality and discharge at thessing of Manning Trail, July Avenue, and

Little Comfort Lake inlet at Itasca Avenue from rihrch through early November. 2009 was
the second year that Manning Trail and July Avewaee monitored and the sixth year that Little
Comfort Inlet was monitored. Fifteen minute contius stage, velocity, and discharge was
measured at all three sites, and rainfall dataaedlected at July Ave. and Little Comfort Inlet.

Water quality grab samples were collected at sdksiluring base flow, storm flow, and snowmelt
conditions. Instantaneous dissolved oxygen, teatpsx, conductivity, pH, and transparency
were collected as well. Table 1 below has furtbescriptions and specific water quality

parameters.

Table 1. Tributary monitoring site descriptions

Summarized Sit¢ General Site | Monitoring Site
Site Description Full Site Name Name Location Description Monitored Parameters
Tributary to Sunrise Rivg Flow Monitoring
at Little Comfort Lake | Little Comfort in Natural Crosst Discharge and Water Quality Grab
Stream Monitoring Inlet Lake Inlet Itasca Avenue Section Samples*
Tributary to Sunrise Rivg Flow Monitoring| Discharge and Water Quality Grab
Stream Monitoring at Manning Trail Manning Trail | Manning Trail | Through Culvert Samples*
Tributary to Sunrise Rivg Flow Monitoring| Discharge and Water Quality Grab
Stream Monitoring at July Avenue July Ave July Ave | Through Culvert Samples*

*Stream Monitoring Water Quality Sample Paramebectude: Total Phosphorus, Dissolved Phosphorutl Kjeldahl Nitrogen, Nitrate,
Nitrite, Ammonia Nitrogen, Total Suspended Solidslatile Suspended Solids, Total Chlorides, E. @alcteria

Manning Trail
Two thousand and nine (2009) was the second yead#tia was collected at the Manning Trail
station and flow was recorded from April 2-Novem2er2009. Total discharge for this period
was 7,779,360 cf or 179 acre-feet. No automatadgage was installed at this site to collect
continuous rainfall data. Peak discharge of 2af@7%ccurred on April % which was caused by
the remnants of the spring thaw. Figure 3 grapkdlbw at the Manning Trail site and rainfall
recorded at the July Avenue site.






Manning Trail Drainage
2009 Flow and July Avenue Daily Rainfall
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Figure 3. Manning Trail Drainage 2009 Flow and July Avenue Ddy Rainfall
Water quality grab samples were collected at thenthbay Trail Drainage site in 2009, and
chemistry and field water quality measurements leted Table 2-4 below. The highest
concentration of total Kjeldahl nitrogen (TKN) atadal phosphorus (TP) were 2 mg\L and 0.337
mg\L, respectively, from a March #7snowmelt sample. The total suspended solids (TSS)
maximum concentration of 15 mg\L was from a Jufistdrm grab sample.
Table 2. Manning Trail Drainage 2009 Sample Chemisy Results
Ammonia
TSS VSS TKN TP Dissolved P | Chloride | Nitrite Nitrate Nitrogen E. Coli
Sample Type Start End (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (mpn/100ml)
Snowmelt Grab 3/17/2009 12:30 3/17/2009 12:30 5 4 2| 0.337 0.232 16 <0.03 0.12 0.39
Storm Grab 3/24/2009 10:39 3/24/2009 10:39 4 4 1.4] 0.089 ~0.013 15 <0.03 0.12 0.38
Base Grab 5/14/2009 11:25 5/14/2009 11:25 9 4 1.4] 0.097 ~0.035 20 <0.03 <0.05 0.22
E. Coli Grab 5/28/2009 8:45 5/28/2009 8:45 58
Storm Grab 6/8/2009 8:13 6/8/2009 8:13 15 6 0.97] 0.091 ~0.037 16 <0.03 <0.05 ~0.05
E. Coli Grab 6/10/2009 8:10 6/10/2009 8:10 118.7
Base Grab 6/24/2009 8:23 6/24/2009 8:23 4 3 1.3] 0.144 0.076 18 <0.03 <0.05 0.08
Storm Grab 8/20/2009 9:39 8/20/2009 9:39 ~2 ~2 1.2 0.129 0.091 13 <0.03 <0.05 ~0.04
E. Coli Grab 8/26/2009 8:00 8/26/2009 8:00 >2419.6
Storm Grab 10/6/2009 13:44 10/6/2009 13:44 3 ~2 0.94] 0.234 0.165 19 <0.03 0.22 ~0.02
Storm Grab 10/22/2009 9:42 10/22/2009 9:42 <1 <1 1| ~0.046 ~0.048 19 <0.03 <0.05 <0.02
Table 3. Manning Trail Drainage Field Water Quality Measurements
Date/Time Transparency (cm) | Water Temperature (C) D] issolved Oxygen (mg/L) Qonductivity (umhos/cm)  gH
3/17/2009 12:24 0.9 9.12 230 7.4
3/24/2009 10:39 86 2.6 9.12 250 7.7
5/14/2009 11:25 75 14.4 8.24
5/28/2009 8:50 >100 12.4 7.06
6/8/2009 8:13 >120 12.4 7.03 270
6/8/2009 9:42 >100 12.4 7.89 289 8.1
6/10/2009 8:11 >100 14.9 6.65
6/17/2009 9:43 >100 18.7 7.18
6/24/2009 8:23 >100 22.5 6.10
8/20/2009 9:39 >100 17.0 7.03 257 7.9
8/26/2009 8:00 >100 14.0 8.40 289 8
10/6/2009 13:44 >100 9.8 9.12 272 8.4
10/22/2009 9:42 >100 6.2 9.82 307 7.8




Table 4.

Manning Trail Drainage 2009 Total Phosphorus and Ttal Suspended Solids

Loading
Sample Collection Time Loading Interval
Interval
TSS Interval Interval Interval
Sample Type Start End (mg/L) TP (mg/L) Start End Volume (cf) \?Zlcu_rfrt])e 7SS (Ib) | TP (Ib)
Base** 5 0.146 1/1/09 0:09 3/17/09 7:3p 3,25¢ 0.07 1.C 0.02
Snowmelt Grab** 3/17/09 12:30  3/17/09 12|30 5 0.B37 3/17/09 7:3 3/18/09 17:30 428,40( 9.84 1333 9.0]
Base** 5 0.146| 3/18/09 17:3( 3/24/09 4:00 939,60( 21.58] 293.% 8.5€
Storm Grab** 3/24/09 10:39 _ 3/24/09 10139 4 0.089 3/24/09 4:0 3/25/09 4:40 302,40¢( 695 75.t 1.6¢
Base** 5 0.146 3/25/09 4:0 4/2/09 15:00 1,388,52f 31.89 433. 12.6¢
Base 5 0.146) 4/2/09 15:04 5/2/09 15:0p 4,477,41. 102.84) 1397.t 40.81
Base Grab 5/14/09 11:p5  5/14/09 13:25 9 0]097 5/2/09 15:0 5/19/09 9:40 833,67 19.1f]  468. 5.0¢
Storm 5 0.146 5/19/09 9:04 5/22/09 5:0p 303,02¢ 6.96] 94.5¢ 2.7€
Base 5 0.146) 5/22/09 5:04 6/8/09 5:0p 1,144,317 26.28] 357.2 10.4.
Storm Grab 6/8/09 8:13 6/8/09 8113 15 0.p91 6/8/09 5:0 6/9/09 440 58,95 1.35 55.2 0.33
Base 5 0.146 6/9/09 4:00 6/18/09 4:0p 330,53¢ 7.59] 103. 3.01
Base Grab 6/24/09 8:23 6/24/09 823 4 0f144 6/18/09 4.0 6/25/09 5:00 109,574 2.52 27.4 0.9§
Storm 5 0.146 6/25/09 5:00 6/26/09 5:0p 17,38t 0.40 5.4 0.1€
Base 5 0.148 6/26/09 5:00  6/27/09 5:0( 14,54¢ 0.33 4.5 0.12
Storm 5 0.148 6/27/09 5:00 6/28/09 2:0p 33,23! 0.76] 10.4 0.3C
Base 5 0.148 6/28/09 2:09  7/10/09 17:0( 164,004 3.77] 51.2 1.49
NoFlow 0 0.000 7/10/09 17:0Q 8/19/09 12:0( 0 0.00 0.C 0.0C
Storm Grab 8/20/09 9:39 8/20/09 9|39 2 0.[.298/19/09 12:0( 8/21/09 4:0 10,672 0.25 1.3 0.0¢
Base 5 0.146) 8/21/09 4:0( 8/25/09 6:00 8,22 0.10 2.6 0.07
Storm 5 0.146 8/25/09 6:00  8/26/09 5:0( 3,169 0.07 1.C 0.0z
Base 5 0.146 8/26/09 5:00  8/28/09 6:0( 4,589 011 1.4 0.04
Storm 5 0.146 8/28/09 6:00  8/29/09 0:0( 1,82 0.04 0.6 0.0Z
Base (Intermittent) 5 0.146] 8/29/09 0:0( 10/6/09 4:0Q 3,009 0.0 0.9 0.03
Storm Grab 10/6/09 13:44  10/6/09 1344 3 0234 10/6/09 4.0 10/7/09 20:0 13,523 0.31 2.t 0.2¢
Base 5 0.146] 10/7/09 20:0q4 10/15/09 2:0( 11,94p 0.47 3.7 0.11
Storm 5 0.146] 10/15/09 2:00 10/17/09 9:0( 11,84p 0.47 3.7 0.11
Base 5 0.146| 10/17/09 9:0Q 10/21/09 7:0( 13,458 031 4.2 0.1z
Storm Grab 10/22/09 9:42 _ 10/22/09 9142 1 0J04610/21/09 7:09 10/22/09 21:0D 13,048 0.0 0.8 0.04
Base 5 0.146| 10/22/09 21:0¢ 10/23/09 11:0( 4,48[7 0.0 1.4 0.04
Storm 5 0.146| 10/23/09 11:0 10/25/09 9:0( 37,15p 0.5 11.6 0.34
Base 5 0.146 10/25/09 9:0Q 10/29/09 10:40 50,402 1.1¢ 15.7 0.4€
Storm 5 0.146| 10/29/09 10:0¢ 10/31/09 22:0( 68,240 1.7 21.c 0.62
Base 5 0.146| 10/31/09 22:0 11/2/09 10:0( 36,76]L 0.4 11.t 0.3
Base** 5 0.146] 11/2/09 10:0q4 12/2/09 10:0( 388,80D 8.93 121. 3.54
Base** 5 0.146] 12/2/09 10:0( 1/1/10 0:00 1,27 0.0B 0.4 0.01
Snowmelt Average 5 0.337
Storm Average 5 0.114
Base Average 7 0.123
All Average 5 0.144
Total 11,231,26 25€ 3,71¢ 104
CLFLWD Major Subwatershed Total Acres 7,115
Total Load
Total TP/TSS (Ib/aclyr) 0.52 0.0]
Total TP/TSS (kg/haly 0.5¢ 0.07

*talics indicate estimated concentrations basedw@rage base and storm flow concentrations
** Interval volumes from 1/1/09 to 4/2/09 and 118/to 1/1/10 where estimated using logged flow it and site rating curve

Total phosphorus loading for Manning Trail Drainag009 was estimated at 0.01 Ibs/acre (104
Ibs.). This site had very little flow for the sexbhalf of the monitoring season. This loading is
substantially less than what was observed in 26@&t likely due to the overall reduction of

runoff in 2009.



July Avenue
Two thousand and nine (2009) was the second yeardtita was collected at the July Avenue
station, and flow was recorded from April 2-NovemBe 2009. Total discharge for this period
was 19,675,230 cfs or 452 ac/ft. A total of 17i®hes of rainfall was recorded at the site and a
peak flow of 6.788 cfs occurred on Aprilaue to the remnants of the spring thaw. A second
high flow of 6.648 cfs occurred on August 8th, doe 0.86-inch rainfall event. Figure 4 graphs
the flow and rainfall recorded at the July Avenite.s

July Avenue Drainage
2009 Flow and Daily Rainfall

Flow Rate (19675230 cf) Rainfall (17.92 in)

2009

un Jul Aug
3/1/2009 12:00:00 AM - 12/1/2009 12:00:00 AM

Figure 4. July Avenue Drainage 2009 Flow and DailfRainfall
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Grab samples were collected at the July Avenueisit2009 and chemistry and field water
quality measurements are listed in Tables 5-7 bel®Wwe highest concentration of TKN and TP
were 1.6 mg/L (June J4base grab) and 0.352 mg/L (MarchH"ishowmelt grab), respectively.

The highest TSS value recorded was 14 mg/L frommrsgrab sample collected on Jufie 8

Table 5. July Avenue Drainage 2009 Sample ChemigtResults

Ammonia
TSS TKN TP [Dissolved TP | Chloride Nitrite Nitrate | Nitrogen E. Coli
Sample Type Start End (mg/L) |VSS (mg/L) [ (mg/L) | (mgiL) (mg/L) (mg/) | (mg) | (mgi) | (mgi) | (mpn/100mi)
Snowmelt Grab 3/17/2009 12:30]  3/17/2009 12:30 ~2 ~2 1.2[ 0352 0.268 5 <0.03 0.09 0.16
Storm Grab 312412009 10:26] __3/24/2009 10:26 5 5 0.93]__0.077 ~0.012 12 <0.03] __<0.05 ~0.04
Base Grab 5/14/2009 11:.09] __ 5/14/2009 11:09 8 5 11| 0.055 <0.010 18 <0.03] __<0.05 0.06
E. Coli Grab 512872009 9:00 512872009 9:00 126
Storm Grab 6/8/2009 8:25 6/8/2009 8:25 14 7 11| 0.086 ~0.040 17 <0.03[ _<0.05 ~0.05
E. Coli Grab 6/10/2009 8:20 6/10/2009 8:20 36.9
Base Grab 6/24/2009 8:33 6/24/2009 8:33 9 ~4 16] _0.134 0.084 18 <0.03[ _<0.05 0.15
Base Grab 771372009 9:10 771372009 9:10 —1 —1 12| 0.084 0.052 17 <0.03[ __<0.05 0.06
E. Coli Grab 712872009 8:00 712872009 8:00 579.4
Storm Grab 8/20/2009 9:58 8/20/2009 9:58 4 3 12[_ 0477 0.104 9 <0.03] __<0.05 ~0.06
E. Coli Grab 8/26/2009 8:11 8/26/2009 8:11 3448
Base Grab 9/8/2009 10:21 9/8/2009 10:21 2 ~1 1 _0.062 ~0.019 13 <0.03[ _<0.05 ~0.06
Storm Grab 10/2/2009 9:31 10/2/2009 9:31 4 2 110221 0.158 27 <0.03 0.08 0.09
Storm Grab 10/6/2009 13:53| __10/6/2009 13:53 2 2 0.98] _0.154 0.132 20 <0.03[ __<0.05 ~0.05
Storm Grab 10/22/2009 10:12| _10/22/2009 10:12 2 2 11| 0.083 0.072 13 <0.03] __<0.05 <0.02
Table 6. July Avenue Drainage 2009 Field Water Quity Measurements
Date/Time Transparency (cm) Water Temperature (T ) Dissolved Oxygen (mg/L) Conductivity (umhos/cm) pH
3/17/2009 12:33 94 0.8 9.51 108 6.9
3/24/2009 10:26 86 1.9 12.84 234 8
5/14/2009 11:09 >100 15.0 5.17
5/28/2009 8:57 >100 14.3 4.95
6/8/2009 8:25 >120 12.9 5.25 220
6/8/2009 9:56 >100 12.4 5.08 238 7.8
6/10/2009 8:20 >100 15.7 6.14
6/24/2009 8:33 >100 24.1 1.28
7/13/2009 9:10 >100 16.1 2.73 239 8.2
8/20/2009 9:58 >100 17.0 1.81 207 7.6
8/26/2009 8:11 >100 15.2 1.66 241 7.3
9/8/2009 10:21 >100 16.3 2.44 240 7.06
10/2/2009 9:31 >100 9.0 5.60 282 8.3
10/6/2009 13:53 >100 9.3 6.44 250 7.9
10/22/2009 10:12 >100 6.1 7.16 244 7.4

Total phosphorous loading for July Avenue in 200&svestimated at 0.02 Ibs/acre (151 Ibs).
Compared to the Manning Trail site, the total disge at July Ave is over double and the TP
load is slightly higher. The load compared to 2808ubstantially lower and is due in large part
to the overall reduction in flow in 2009 when comgzhto 2008.
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Table 7. July Avenue Drainage 2009 Total Phosphosuand Total Suspended Solids

Loading

Sample Collection Time

Loading Interval

TSS TP Interval Volume |Interval Volume| Interval Interval

Sample Type Start End mg/l) | (mary Start End cf) (ac-ft) 7SS (Ib)| TP (Ib)
Base** 5 0.08¢ 1/1/09 0:0¢ 3/17/09 5:01 32,49( 0.7¢] 101 0.17
Snowmelt Grab* 3/17/09 12:3 3/17/09 12:3 2 0.357 3/17/09 5:0 3/18/09 17:0 648,00( 14.8¢) 80.¢ 14.24
Base** 5 0.08¢ 3/18/09 17:0: 3/24/09 4:01 1,980,72( 45.4¢| 618.2 10.3¢
Storm Grab* 3/24/09 10:2 3/24/09 10:2 5 0.071 3/24/09 4:0 3/25/09 12:0 576,00( 13.2¢ 179.¢ 2.77
Base** 5 0.08¢ 3/25/09 12:0 4/2/09 15:3| 2,955,961 67.8¢] 922.¢ 15.5(C
Bast 5 0.08¢ 4/2/09 15:3( 4/26/09 10:3 7,775,08! 178.5¢| 2426.¢ 40.7i
Storn 5 0.13% 4/26/09 10:3! 4/27/09 0:3 120,72: 277 377 1.0C
Base Gra 5/14/09 11:0 5/14/09 11:0 8 0.05¢ 4/27/09 0:3! 5/16/09 0:3 3,585,15] 82.3f] 1790.4¢ 12.3]
Bast 5 0.08« 5/16/09 0:3( 6/8/09 5:3( 3,144,33! 72.22] 981. 16.4¢
Storm Gra 6/8/09 8:2! 6/8/098:2] 14 0.08€ 6/8/09 5:3 6/8/09 17:3 70,63( 162 617 0.34
Bast 5 0.08¢ 6/8/09 17:3 6/17/09 17:3 1,128,95. 25.97] 352.¢ 5.92
Base Gra 6/24/09 8:3 6/24/09 8:3] 9 0.13¢ 6/17/09 17:3 6/27/09 2:3 749,18 17.2]] 420.¢ 6.27
Storn 5 0.13% 6/27/09 2:3| 6/27/09 20:3! 66,44¢ 157 20.7 0.54
Bast 5 0.08¢ 6/27/09 20:3 7/7/09 20:3 701,33¢ 16.1]] 218.¢ 3.64
Base Gra 7/13/09 9:1 7/13/09 9:1] 1 0.08¢ 7/7/09 20:3 7/14/09 21:3 183,38 421 114 0.96
Storn 5 0.13% 7/14/09 21:3 7/15/09 8:3 10,34¢ 0.24 3.2 0.0¢
Bast 5 0.08¢ 7/15/09 8:3 7/21/09 1:30 51,86 1.1¢] 16.2 0.27
Storn 5 0.13% 7/21/09 1:3( 7/21/09 20:3 15,89¢ 0.37 5.C 0.12
Bast 5 0.08¢ 7/21/09 20:3! 7/27/09 10:3 50,24( 1.15] 157 0.2€
Storm 5 0.133 7/27/09 10:34  7/27/09 23:3( 8,131 0.9 25 0.07
Base 5 0.084 7/27/09 23:3( 8/8/09 7:3¢) 27,337 0.6 8.5 0.14
Storm 5 0.133 8/8/09 7:3¢) 8/8/09 21:3@ 47,514 1.09 14.€ 0.3¢
Base 5 0.084 8/8/09 21:3¢0  8/11/09 11:3( 41,798 0.96 13.C 0.22
Storm 5 0.133 8/11/09 11:3¢0  8/11/09 23:3( 8,67p 0.0 27 0.07
Base 5 0.084 8/11/09 23:3( 8/16/09 1:3@ 4,37 01p 14 0.02
Storm 5 0.133 8/16/09 1:3@ 8/17/09 0:3@ 12,20p 0.28 3.8 0.1C
Base 5 0.084 8/17/09 0:30  8/19/09 12:3( 8,87p 0.0 28 0.0%
Storm Grab 8/20/09 9:48 8/20/09 9|58 4 0.l77 8/19/09 12:3p  8/20/09 17:3 89,605 2.06 22.4 0.99
Base 5 0.084 8/20/09 17:3( 8/25/09 6:3Q 160,81p 3.49 50.2 0.84
Storm 5 0.133 8/25/09 6:3 8/25/09 22:30 33,834 0.7 10.€ 0.24
Base Grab 9/8/09 10:21 9/8/09 10521 2 0J062 8/25/09 22:30 9/15/09 22:30 285,204 6.5p 35.¢ 1.1d
Base (Intermittent) 5 0.084 9/15/09 22:3¢ 10/2/09 1:30 2,393 00§ 0.7 0.0]
Storm Grab 10/2/09 9:31 10/2/09 9|31 4 0.p21 10/2/09 1:3 10/2/09 22:30 19,309 044 438 0.27
Base 5 0.084 10/2/09 22:3( 10/5/09 16:30 34,424 0.79 10.7 0.14
Storm Grab 10/6/09 13:$3 10/6/09 13453 2 0154 10/5/09 16:3 10/7/09 21:30 85,891 197 10.7 0.89
Base 5 0.084 10/7/09 21:3( 10/21/09 6:30 322,353 7.40 100.€ 1.69
Storm Grab 10/22/09 10:12 10/22/09 14:12 2| 0/083 10/21/09 6:3¢ 10/22/09 4:30 51,400 1.1 6.4 0.27
Base 5 0.084 10/22/09 4:3( 10/23/09 9:30 50,934 1.17 15.¢ 0.27
Storm 5 0.133 10/23/09 9:3( 10/24/09 5:30 57,895 1.33 18.1 0.44
Base 5 0.084 10/24/09 5:30  10/29/09 12:30 322,354 7.40 100.€ 1.69
Storm 5 0.133  10/29/09 12:3( 10/31/09 1:30 151,409 348 47.: 1.24
Base 5 0.084 10/31/09 1:3( 11/2/09 10:30 194,164 4.4 60.€ 1.04
Base** 5 0.084 11/2/09 10:3( 12/2/09 12:d0 1,246,759 28.64 389.1 6.54
Base** 5 0.084 12/2/09 12:0( 1/1/10 0:09 12,744 029 4. 0.07
Snowmelt Average 2 0.357
Storm Average 5 0.133
Base Average 5 0.084
All Average 5 0.134
Total 27,127,12 623 9,117 151
CLFLWD Major Subwatershed Total Acres 7,903
Total Load
Total TP/TSS (Ib/aclyr) 1.19 0.0
Total TP/TSS (kg/haly 1.2¢ 0.02

*ltalics indicate estimated concentrations basedw@rage base and storm flow concentrations, witnials before 7/29/08 based on all samples th&fare that date, and respectivly for intervaleratfiat date
** Interval volumes from 1/1/09 to 4/2/09 and 1102/to 1/1/10 where estimated based upon base amad fibw
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Inlet to Little Comfort Lake

The station for the Little Comfort Lake Inlet sitecorded flow between April 9 and November 2,
2009. Total discharge during this period was 72360 cf or 1,657 acre-ft. Total rainfall
recorded during the monitoring season was 17.3desic Peak discharge of 55.10 cfs occurred
on April 17". The cause of this high flow is unknown, but ptialy could have been caused by
the removal of a beaver dam upstream of the gitgure 5 graphs the flow and rainfall recorded
at the Little Comfort Lake Inlet site.

Little Comfort Inlet
2009 Flow and Daily Rainfall

Flow Rate (72160360 cf) Rainfall (17.34 in)
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Figure 5. Little Comfort Lake Inlet 2009 Flow andDaily Rainfall
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Grab samples were collected at the Little Comfadtd.Inlet site in 2009 and chemistry and field
water quality measurements are listed in Table® 8elow. The highest concentrations of TKN
and TP were 1.1 mg/L (Jun& 8torm grab, June 2base sample, Octobef §torm sample) and
0.159 mg/L (October " storm sample), respectively. The TSS maximum epmation of 21
mg/L was from a June"8torm grab sample.

Table 8. Little Comfort Lake Inlet 2009 Sample Chenistry Results

Ammonia
VSS TKN TP Dissolved P | Chloride Nitrite Nitrate Nitrogen E. Coli
Sample Type Start End TSS (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mpn/100ml)
Storm Grab 3/24/2009 10:14 3/24/2009 10:14 11 7 0.81 0.072 ~0.021 8 <0.03 0.1 0.13
Base Grab 5/14/2009 10:56 5/14/2009 10:56 4 ~2 0.82 0.08 ~0.014 14 <0.03 0.06 0.09
Storm Grab 6/8/2009 8:40 6/8/2009 8:40 21 8 1.1 0.114 ~0.018 9 <0.03 0.14 0.44]
E. Coli Grab 6/10/2009 8:30 6/10/2009 8:30 547.5
Base Grab 6/24/2009 8:46 6/24/2009 8:46 ~2 ~2 1.1 0.087 ~0.049 12 0.12 0.21 0.25
Base Grab 7/15/2009 8:30 7/15/2009 8:30 9 ~3 0.52 0.059 ~0.037 13 <0.03 <0.05 ~0.04,
E. Coli Grab 7/28/2009 8:10 7/28/2009 8:10 201.4
Storm Grab 8/20/2009 10:18 8/20/2009 10:18 ~1 ~1 0.91 0.077 0.053 10 <0.03 0.06 ~0.03
Storm Grab 10/2/2009 9:46 10/2/2009 9:46 ~2 ~1 0.56 0.159 0.148 11 <0.03 0.12 <0.02
Storm Grab 10/6/2009 14:04 10/6/2009 14:04 10 4 1.1 ~0.026 ~0.027 14 <0.03 <0.05 0.23
Base Grab 10/22/2009 10:34| 10/22/2009 10:34 ~1 ~1 0.8 ~0.041 ~0.018 10 <0.03 <0.05 ~0.04
Table 9. Little Comfort Lake Inlet 2009 Field Wate Quality Measurements
Date/Time Transparency (cm) Water Temperature ( T) Dissolved Oxygen (mg/L) Conductivity (umhos/cm) pH
3/24/2009 10:14 56 4.6 13.05 266 8
4/24/2009 9:13 >100 13.7 5.54
5/14/2009 10:56 >100 14.9 9.93
6/8/2009 8:40 39 11.6 7.60 350
6/10/2009 8:31 >100 15.8 6.50
6/24/2009 8:46 >100 22.7 3.96
7/13/2009 9:33 >100 16.4 5.49 379 8.4
7/15/2009 8:32 58 19.1 4.10 394 8.6
8/20/2009 10:18 >100 17.1 5.83 348 7.9
10/2/2009 9:46 >100 9.3 8.43 361 8.1
10/6/2009 14:04 >100 11.1 6.12 351 7.9
10/22/2009 10:34 >100 6.3 8.14 400 8

Total phosphorus loading for Little Comfort Lakdeinfor 2009 was estimated at 0.04 Ib/ac (418
Ibs). Compared to the July Ave. site, the highBrldad at Little Comfort Inlet is due in large
part to the much higher total discharge that oexlat that site. However, the overall load is

much lower when compared to 2008, again due toetiection in total flow.
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Table 10. Little Comfort Lake Inlet 2009 Total Phsphorus and Total Suspended Solids

Loading
Sample Collection Time Loading Interval
TSS TP Interval Volume| Interval Volume | Interval Interval
Sample Type Start End mgly) | mgL) Start End (cf) (ac-f) 7SS (Ib) | TP (Ib)
Base** 4 0.061] 1/1/09 0:0(] 3/24/2009 5:0 355,14( 8.1€ 89 1.4
Storm Grab* 3/24/09 10:14 3/24/09 10:14 11 0.472  3/24/09 5:0f 3/25/2009 17:0 1,425,60| 32.74 979 6.4
Base** 4 0.061] 3/25/09 17:0 4/9/09 15:0( 11,599,20 266.4. 2896 44.7
Base Grab 5/14/09 10:6  5/14/09 10:56 4 0]080 4/9/09 15:0! 5/17/09 15:00 29,053,09 667.34 7258 145.
Base 4 0.061] 5/17/09 15:0( 6/8/09 5:0p 10,254,04 235.5: 2560 39.4
Storm Grab 6/8/09 8:40 6/8/09 8440 21 0.114 6/8/09 5:0 6/14/09 6:0 5,371,10 123.3] 7041 38.
Base 4 0.061, 6/14/09 6:00 6/20/09 6:0D 1,978,22! 45.4¢ 494 7.5
Base Grab 6/24/09 8:46  6/24/09 8146 2 0087 6/20/09 6:00 6/25/09 5:40 391,07] 8.94 49 2.1
Storm 9 0.090 6/25/09 5:0q _ 6/25/09 18:00 45,80( 1.0¢ 26 0.3]
Base 4 0.061]  6/25/09 18:0( 6/27/09 3:00 108,16( 2.4¢ 27 0.4
Storm 9 0.090 6/27/09 3:0( 6/28/09 3:0p 113,39 2.6C 64 0.6]
Base 4 0.061] 6/28/09 3:0( 7/13/09 3:0p 1,112,99: 25.5¢€ 278 4.2
Base Grab 7/15/09 8:30  7/15/09 8130 9 0059 7/13/09 3:00  7/21/09 1:0 505,846 11.67 284 1.9
Base 4 0.061] 7/21/09 1:04 8/8/09 6:0Q 1,541,87p 35.41 385 5.9
Storm 9 0.090 8/8/09 6:00  8/9/09 19:0( 193,82p 4.4 109 1.1
Bas¢ 4 0.061 8/9/09 19:0] 8/15/09 19:0 545,02: 12.52 13€ 2.1
Storm 9 0.090] 8/15/09 19:0Q0  8/16/09 15:dJ0 83,648 1.92 47 0.5
Bast 4 0.061]  8/16/09 15:0 8/19/09 3:0 172,07 3.9 43 0.7
Storm Gra 8/20/09 10:1| 8/20/09 10:1 1 0.077 8/19/09 3:0]  8/20/09 20:0 373,78: 8.59 23 1.8
Base 4 0.061]  8/20/09 20:0Q  8/25/09 7:0( 627,00p 14.4C 157 2.4
Storm 9 0.090) 8/25/09 7:00 _ 8/26/09 0:0( 133,32 3.0€ 75 0.7
Base 4 0.061] 8/26/09 0:00 10/1/09 10:0( 2,568,56 59.0( 641} 9.9
Storm Grab 10/2/09 9:46  10/2/09 9|46 2 0.15910/1/09 10:0p 10/2/09 14:0 174,039 4.0¢ 22, 1.7
Base 4 0.061] 10/2/09 14:0Q 10/5/09 17:0( 257,96p 5.92 64 1.0]
Storm Grab 10/6/09 14:04 10/6/09 1404 10 0J02610/5/09 17:00 10/8/09 22:0 7,594,310 174.4. 4741 12
Base 4 0.061)  10/8/09 22:00 10/19/09 22:0 1,914,047 43.9¢ 478 7.3
Base Grab 10/22/09 10:B4 10/22/09 1Q:34 1 010180/19/09 22:0p 10/30/09 16:0p 3,752,074 86.1¢ 234 4.2
Storm 9 0.090] 10/30/09 16:00 10/31/09 20:0 1,631,490 37.4% 917 9.2
Base 4 0.061] 10/31/09 20:00 11/2/09 13:0( 1,663,605 38.21 415 6.3
Base** 4 0.061] 11/2/09 13:0Q 12/2/09 13:0( 15,552,000 357.2 3883 59.7
Base** 4 0.061] 12/2/09 13:0¢ 1/1/10 0:09 127,26 2.92 32 0.5
Storm Average 9 0.09(¢
Base Average 4 0.061
All Average 7 0.071
Total 101,219,56 2,32f 34,44« 41¢
CLFLWD Major Subwatershed Total Acres
Total Load | 10,513
Total TP/TSS (Ib/ac/yr) 3.28 0.04
Total TP/TSS (kg/haly 3.67 0.04

*Italics indicate estimated concentrations basedwerage base and storm flow concentrations
** |nterval volumes from 1/1/09 to 4/9/09 and 1D9/to 1/1/10 where estimated based upon base flow

Tributary Monitoring Loads and Discussion
The TP and TSS loadings and the total dischargheaManning Trail, July Ave., and Little
Comfort Lake inlet monitoring stations increased 2609 as you move further down the
watershed, which is to be expected. These reselts all lower when compared to the results in
2008, due in large part to lower lake levels, latkainfall/lsnowmelt, and less runoff events. The
total discharge, TP load, and TSS load at Littlenf2ot Lake inlet were the lowest monitored in
2009 in the last six years. Historically, this ritoring station has shown that nutrient loadings
have responded similarly to total discharge, wité €xception of 2006 and 2007. Higher base
flow conditions and higher or lower individual nietnt results during specific sampling periods
are possible causes for the nutrient loadings etadl discharge not tracking well together.

Proportionally, the 2008 and 2009 tributary mornitgrdata show that the highest phosphorus
load increase was found to be between the July devesite and the inlet to Comfort Lake site as
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compared to the loads from the Manning Trail ang 2venue sites. The increase in loading
between the sites for 2008 and 2009 are shownhieTH and Figures 6 and 7.

Table 11. Percent Increase in Phosphorus loadingtween Tributary Monitoring Sites

Site 2008 2009
Manning Trail to July Avenue -15% 45%
July Avenue to Little Comfort 161% 175%

Inlet

The water quality flow chart (figures 6 and 7) sisotve summer (June 1 — September 30) total
phosphorus mean concentrations in lakes and arotell phosphorus loadings collected at
stream monitoring locations. The largest nutrileading is found between School Lake and
Little Comfort Lake. This is possibly due to adar amount of discharge flowing into Little
Comfort Lake compared to what's flowing into Schdake, and/or nutrient loadings from
School Lake coupled with other contributions betw8&ehool and Little Comfort Lake.
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Lake Monitoring

Bone, School, and Little Comfort Lakes were mormtbas part of this study from mid-April to

mid-October 2009. All three lakes have been moedoby the CLFLWD in the past. Lake

information, lakeshed loading calculations and otidn needs determined through the District's
watershed-wide load allocation modeling effort (CM*D 2007), and current and historic water
quality information are presented in this section.

Bone Lake
Bone Lake (MNDNR ID# 82-0054) is considered a diedge, although it shares some character
of a shallow lake due to its significant littoraka of 58%. Its 32-foot maximum depth ensures
that it remains thermally stratified through th@wimng season. The lake’s depth and volume
are summarized below:

Depth Area Volume Area [ac]; Volume [ac-ft]/10
[ft] [acre] | [ac-ft] - 100 200 300
- 204 2,740 - ‘
5 163 1,820 c |
10 118 1,120
15 85 620 10
20 56 270
25 27 60 || €15
ey
o7 e —
25
=== Area [acre]
13 |Average Depth 30 =—&—Volume [ac-ft] | |
32 [Maximun Depth 35 |
58%]| Littoral

Present Conditions, Trends
Bone Lake is listed as impaired by the MinnesotéuBon Control Agency (MPCA) due to
excessive nutrients.

Bone Lake Basin was monitored 12 times from earByMhrough late-September. Each

monitoring event resulted in the analysis of a waample for total phosphorus (TP),

chlorophyll-a (CLA), total Kjeldahl nitrogen (TKN)and Secchi transparency, as well as the
volunteer's perception of the lake’s physical coiodi and recreational suitability. Collected

water samples were submitted to the Metropolitanri€d Environmental Services laboratory

for analysis. Results are presented on graphs atadtables below.

Table 12. Bone Lake, 2009 summer (June-Septembeigta summary

Parameter Mean Minimum Maximum Grade
TP ( g/l 33.0 28.0 97.0 C+
CLA ( g/l 17.0 5.4 73.0 B
Secchi(m) 1.7 1.1 3.5 C
TKN (mg/l) 1.20 0.96 1.5

Overall Grade C+

19



Data are available for Bone Lake from 1975 to 2G08;average (since 1990, not continuous)
total phosphorus is 51 ug/L. This is slightly abdypical values for North Central Hardwood
Forest (NCHF) ecoregion (23-50 ug/L), and is intlie of eutrophic conditions. When
looking at the lake’s whole database, there isanstatistically significant trend (improving or
deteriorating) for surface total phosphorus betw&@r5 and 2009. However, phosphorus has
ranged from a low of 33 ug/L in 2009 to a high 681ug/L in 1991.

That said, total phosphorus and chloroplayttata collected shows improved conditions over
the past four years, with growing season averagesdsing each year. The 2009 observation
of 17 ug/L (the lowest measured) is at the uppegeaof values typical for NCHF ecoregion (5-
22 ug/L), but it has ranged from 17 to 52 ug/L.

Secchi depth also shows no significant trend, algioit has fluctuated from 0.9 to 1.7 meters,

with a growing season average around 1.3 meteits. @dlected indicates that Bone Lake isn't
as clear as typical lakes found in the NCHF ecanme@l.5 to 3.2 meters).
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BONE LAKE

DNR ID #: 820054

Municipality: City of Scandia

Location: Section 5 T32N-R20W

Lake Size: 210 Acres

Maximum Depth: 32 ft

Ordinary High Water Mark: 909.1 ft

58% Littoral

Note: Littoral area is the portion of the lake <L&nd
dominated by aquatic vegetation.

Summary Points
Bone Lake was considered a eutrophic lake in 2088¢d on the Carlson Trophic State Index
(similar to 2006-2008).
Bone Lake’s summer phosphorus mean was lower trarekperienced in 2003-2008.
Bone Lake is listed on the MPCA'’s Impaired Waters list for excessive nutrients.
Eurasian Milfoil and Curly leaf pondweed (invasiveaquatic plants) are extensive in this
lake.
The major land use is rural/agricultural.
The lake does stratify throughout the summer months

—&— Total Phosphorus (mg/L)

= TP Impairment Threshold

s Secchi Transparency
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Total Phosphorus Chlorophyll-a Total Kjeldahl Secchi Disk
Date (mg/L) (ug/L) Nitrogen (mg/L) Depth (m)
5/11/09 0.097 6.3 1.4 2.4
5/18/09 0.044 14 1.3 2
5/28/09 0.031 27 1.2 1.7
6/9/09 0.04 10 15 1.8
6/15/09 0.033 7.7 1.2 2
6/20/09 0.036 5.4 1.2 2.1
7/1/09 0.031 8.2 1.3 3.5
7/19/09 0.031 14 0.96 1.2
8/2/09 0.036 17 0.98 1.2
9/6/09 0.036 73 1.4 1.1
9/15/09 0.03 11 1.3 1.3
9/26/09 0.028 6.4 0.96 1.4
2009 Summer Average 0.033 16.967 1.200 1.733
Water Quality threshold is 0.04 mg/L TP or higher*
Shallow Lake water quality threshold is 0.06 mg/L or higher*
High High Date Low Low Date Average
2009 Elevation (ft) NA | NA | NA | NA | NA

*MPCA description of Impaired Lake's Listing criteria: “At a minimum, a decision that a given lake is impaired for the 303(d) list due to excessive nutrients
will be supported by data for both causal and response factors. Data requirements for 303(d) listing consist of 12 or more TP measurements collected
from June through September over the most recent 10-year period. Ideally this should represent 12 separate visits to the lake over the course of two
summers; however it might also reflect four monthly samples over the course of three years (a typical sampling regimen for many lake monitoring
programs). In addition to exceeding the TP guideline thresholds, lakes to be considered for 303(d) listing should have at least 12 Secchi measurements
and 12 chlorophyll-a measurements. This amount of data will allow for at least one season (preferably more) of paired TP, chlorophyll-a, and Secchi disk
data and provide a basis for evaluating their interrelationships and hence the trophic status of the lake.”

Lake Water Quality Summary

Trophic Status Lake Grades
| 2009 | 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000
Total Phosphorus (mg/l) Eutrophic C C C C C C D C C C
Chlorophyll-a  (ug/l) Eutrophic B B B B C+ C C C C C
Secchi depth (ft) Eutrophic C C C C C C C C B C
Overall Eutrophic C+ C+ C+ C+ C C C- C C+ C
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School Lake
School Lake (MNDNR ID# 13-0057) is considered apdike; 66% of the area is littoral. Its
maximum depth ensures that it remains thermallgtifed through the growing season. The
lake’s depth and volume are summarized below:

Depth| Area | Volumdg Area [ac]; Volume [ac-ft]/10
[ft] [acre] [ [ac-ft] - 20 40 60

- 49 53q]| - -
4] 36] 360 //
6] 31 300 °

10 24 190
14 17 100]|ebth 1

18 11 50 P
22 7 16| *
24 4 sl )/;//

o5 === Area [acre]
11 |Average Depth —— Volume [ac-ft]
26 [Maximun Depth]| 30
66%L.ittoral

Present Conditions, Trends
School Lake is listed as impaired by the MPCA duexcessive nutrients

In 2009, School Lake was monitored six (6) timessMeen late-May and mid-August. Each
monitoring event resulted in the analysis of a waample for total phosphorus (TP),
chlorophyll-a (CLA), total Kjeldahl nitrogen (TKN)and Secchi transparency, as well as the
volunteer's perception of the lake’s physical coiodi and recreational suitability. Collected
water samples were submitted to the Metropolitanr€d Environmental Services laboratory
for analysis. Results are presented on graphs and data tablbe dollowing page.

Table 13. School Lake, 2009 summer (June-Septembeiata summary

Parameter Mean Minimum Maximum Grade
TP ( g/l) 47.0 44.0 52.0 C
CLA ( g/l 29.4 28.0 30.0 B
Secchi(m) 1.4 1.1 1.7 C
TKN (mg/l) 0.89 0.82 0.98

Overall Grade C+

The four-year average total phosphorus averageSétool Lake is 61 ug/L. This is above
typical values for North Central Hardwood Foresbiegion (23-50 ug/L), and is indicative of
eutrophic conditions.

With just four years of water quality monitoringp rstatistically significant trends in water

guality can be identified for School Lake. Thatdstiie lake’s TP and Secchi means have gotten
better each year the lake has been monitored.
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SCHOOL LAKE

DNR ID #: 130057

Municipality: Chisago City

Location: SE” Section 36 T33N-R21W
Lake Size: 47 Acres

Maximum Depth: 26 ft

Ordinary High Water Mark: N/A

66% Littoral

Note: Littoral area is the portion of the lake
<15 ft and dominated by aquatic
vegetation.

Summary Points
School Lake was considered a eutrophic lake in 2089ed on the Carlson Trophic State
Index.
A limited amount of Curly Leaf Pondweed (An invasive aquatic plant) is present.
School Lake is listed on the MPCA'’s Impaired Waterd.ist for excessive nutrients.
At this time, there are not enough years of datdetermine a statistically significant trend ip
overall water quality but the water quality appedarbe improving slightly.
The major land use is rural/agricultural.
The lake does stratify throughout the summer months

» Secchi Transparency

—— Total Phosphorus (mg/L)

= TP Impairment Threshold
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Total Phosphorus Chlorophyll-a Total Kjeldahl Secchi Disk
Date (mg/L) (ug/L) Nitrogen (mg/L) Depth (m)
5/24/09 0.052 29 0.95 15
6/13/09 0.047 30 0.82 1.7
6/28/09 0.047 29 0.87 14
7/10/09 0.049 30 0.95 1.2
7/25/09 0.046 28 0.84 1.1
8/11/09 0.044 30 0.98 15
2009 Summer Average 0.047 29.400 0.892 1.380
Water Quality threshold is 0.04 mg/L TP or higher*

Shallow Lake water quality threshold is 0.06 mg/L or higher*
High High Date Low Low Date Average

2009 Elevation (ft) NA | NA | NA | NA | NA

*MPCA description of Impaired Lake's Listing criteria: “At a minimum, a decision that a given lake is impaired for the 303(d) list due to excessive nutrients
will be supported by data for both causal and response factors. Data requirements for 303(d) listing consist of 12 or more TP measurements collected
from June through September over the most recent 10-year period. Ideally this should represent 12 separate visits to the lake over the course of two
summers; however it might also reflect four monthly samples over the course of three years (a typical sampling regimen for many lake monitoring
programs). In addition to exceeding the TP guideline thresholds, lakes to be considered for 303(d) listing should have at least 12 Secchi measurements
and 12 chlorophyll-a measurements. This amount of data will allow for at least one season (preferably more) of paired TP, chlorophyll-a, and Secchi disk
data and provide a basis for evaluating their interrelationships and hence the trophic status of the lake.”

Lake Water Quality Summary

Trophic Status Lake Grades
| 2009 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000
Total Phosphorus (mg/l) Eutrophic C C C D
Chlorophyll-a (ug/l) Eutrophic B C C C
Secchi depth (ft) Eutrophic C C C C-
Overall Eutrophic C+ C C C-
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Little Comfort Lake
Little Comfort Lake (MNDNR ID# 13-0054) is considet a deep lake with 49% of the area
being littoral. Its maximum depth ensures thateinains thermally stratified through the
growing season. The lake’s depth and volume arersarized below:

Depth Area Volume Area [ac]; Volume [ac-ft]/10
[ft] [acre] | [ac-ft] - 20 40 60 80

- 35 650 2 —

5 29 490 / /
10 23 360 10 o
15 18 260 /
20 15 180 | 20
30 7 70| E
40 3 20 || &3
50 1 ; A
54 - - 40

50 == Area [acre] ||

18 |Average Depth =&—\/olume [ac-ft]
54 |Maximun Depth 60 | |

49%] Littoral

Present Conditions, Trends
In 2009, School Lake was monitored 12 times betweah-April and early-October. Each
monitoring event resulted in the analysis of a waample for total phosphorus (TP),
chlorophyll-a (CLA), total Kjeldahl nitrogen (TKN)and Secchi transparency, as well as the
volunteer's perception of the lake’s physical coiodi and recreational suitability. Collected
water samples were submitted to the Metropolitann€d Environmental Services laboratory
for analysis. Results are presented on graphslatadtables on the following page.

Table 14. Little Comfort Lake, 2009 summer (June-8ptember) data summary

Parameter Mean Minimum Maximum Grade
TP ( g/l) 19.0 16.0 52.0 A
CLA ( g/l) 7.8 35 24.0 A
Secchi(m) 2.0 0.8 2.4 C
TKN (mg/l) 0.80 0.74 1.10

Overall Grade B+

Data were available for Little Comfort Lake in 1984d 2006-2009; the five-year average (not
continuous) total phosphorus average is 44 ug/Lis Té typical values for North Central
Hardwood Forest Ecoregion (23-50 ug/L), and isaative of eutrophic conditions. Considering
just 2006-2009, the surface total phosphorus aeeig42 ug/L is indicative of eutrophic
conditions. The five-year average Secchi transggranerage is 1.7 meters. With just five years
of water quality monitoring, no statistically si§jpant trends in water quality can be identified
for Little Comfort Lake, however, the total phospl® and chlorophyl& data collected shows
better summer means over the past three years,gngthing season averages decreasing each
year
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LITTLE COMFORT LAKE

DNR ID #: 130054

Municipality: Chisago City

Location: Section 27 T33N-R21W

Lake Size: 36 Acres

Maximum Depth: 56 ft

Ordinary High Water Mark: 887.2 ft

49% Littoral

Note: Littoral area is the portion of the lake €15
and dominated by aquatic vegetation.

Summary Points
Little Comfort Lake was considered a mesotrophke len 2009, based on the Carlson
Trophic State Index.
2009 represents the best monitored water qualitiziftte Comfort Lake to date.
Curly leaf pondweed (invasive aquatic plants) arexensive in this lake.
The major land use is rural/agricultural.
The lake does stratify throughout the summer months

— Total Phosphorus (mg/L) s+ Secchi Transparency
= TP Impairment Threshold
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Total Phosphorus Chlorophyll-a Total Kjeldahl Secchi Disk
Date (mg/L) (ug/L) Nitrogen (mg/L) Depth (m)
4/16/09 0.052 24 1.1 0.8
5/1/09 0.024 11 0.84 1
5/13/09 0.03 7.3 0.92 14
6/1/09 0.017 3.5 0.74 24
6/10/09 0.018 3.6 0.81 3
6/22/09 0.014 6.6 0.85 2.2
7/12/09 0.017 9.8 0.75 1.7
7/27/09 0.016 10 0.82 1.6
8/23/09 0.022 10 0.78 1.9
9/5/09 0.019 7.8 0.86 1.7
9/16/09 0.029 11 0.87 1.6
10/4/09 0.031 5.8 0.87 15
2009 Summer Average 0.019 7.788 0.810 2.013
Water Quality threshold is 0.04 mg/L TP or higher*
Shallow Lake water quality threshold is 0.06 mg/L or higher*
High High Date Low Low Date Average
2009 Elevation (ft) NA | NA | NA | NA | NA

*MPCA description of Impaired Lake's Listing criteria: “At a minimum, a decision that a given lake is impaired for the 303(d) list due to excessive nutrients
will be supported by data for both causal and response factors. Data requirements for 303(d) listing consist of 12 or more TP measurements collected
from June through September over the most recent 10-year period. Ideally this should represent 12 separate visits to the lake over the course of two
summers; however it might also reflect four monthly samples over the course of three years (a typical sampling regimen for many lake monitoring
programs). In addition to exceeding the TP guideline thresholds, lakes to be considered for 303(d) listing should have at least 12 Secchi measurements
and 12 chlorophyll-a measurements. This amount of data will allow for at least one season (preferably more) of paired TP, chlorophyll-a, and Secchi disk
data and provide a basis for evaluating their interrelationships and hence the trophic status of the lake.”

Lake Water Quality Summary

Trophic Status Lake Grades
| 2009 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000
Total Phosphorus (mg/l) Mesotrophic A B C D
Chlorophyll-a (ug/l) Mesotrophic A C A C
Secchi depth (ft) Mesotrophic C C C C
Overall Mesotrophic B+ B- B- C
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CONCLUSION

The Little Comfort Lake watershed comprises 4,4tfes (14% of CLFLWD) starting at the
Bone Lake Outlet. This area includes three nam&ds and their watersheds: Nielson Lake,
School Lake and Birch Lake (described in previcedisns).

The portion of Little Comfort Lake watershed dowesaim of School Lake encompasses 1,740
acres (6% of CLFLWD). The tributary land use is lametls (25%), cropland (21%), grassland
(21%) and forest (17%). There are two main inletd.ittle Comfort Lake; one that receives
flows from School Lake, and another one enterirtyd_Comfort Lake along the southern shore
(LCLA48).

The watershed drains by way of naturally meandecimgnnels (through LCL04, LCLO7 and
LCLO3) from School Lake (over a beaver dam norttacfand and gravel operation) through
forest buffered wetlands and through a couple d¥ests under road crossings into Little
Comfort Lake. The watershed, upland of wetlandswaadds, is mostly grassland and cropland
with very few residences.

Drainage that collects along the southern shorelL48} of Little Comfort Lake is from two
drainages. The south drainage originates in aawdtcomplex at the watershed divide with
Forest Lake (LCL47) and drains north to Little ComfLake. East of this drainage route is
developing residential, while to the west of thimidage route remains cropland. The
southwest drainage also originates in a wetlandhatwatershed divide with Forest Lake
(LCL44) and watershed divide with Sunrise River.dhains toward Little Comfort Lake
through cropland, by way of the watershed’s renmagjnivetlands.

Ultimately, by reducing the nutrient load to Littteomfort Lake, it will result in the lake
continuing to meet its short-term and long-termlg@ad will result in load reductions to water
resources downstream (i.e. Comfort Lake [listedimagaired for excessive nutrients by the
MPCA] and the St. Croix River).

Ultimately, by reducing the nutrient load to Littteomfort Lake, it will result in the lake
continuing to meet its short-term and long-termlg@ad will result in load reductions to water
resources downstream (i.e. Comfort Lake [listedimagaired for excessive nutrients by the
MPCA] and the St. Croix River).
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Remedial Alternatives

The District emphasizes adaptive management piexigsupported by sound scientific
technologies and methods to develop uniform, figa@sponsible and integrated approaches to
water management in an ongoing effort to protedtiemprove the District's water resources. In
addition, the District stresses education and agtrdo increase the awareness of Stakeholders as
to water resource issues and their roles in prioigaind improving the quality of our water
resources

Adaptive management is an iteratiye
approach of implementation, evaluation, and _
course correction.  While nutrient load Assess Design
reductions and eventual lake responses| to Progress Strategy
District projects have been modeled, actyal

results are difficult to predict. Further, future
conditions and technological advances may :
alter the specific course of actions detailed|in Adaptive
the District's Capital Improvement Plan Management
(CIP). Therefore, continued monitoring arjd ~ Evaluate

course corrections responding to monitoring
results offer the best opportunity for meeting
the various management goals. Through
adaptive management the success of, and in-
lake response to, Best Management Practices
(BMPs) and capital improvement projects
can be determined.

-

Implement

Monitor

To evaluate the possible means to reduce nutrieatisl within the Little Comfort Lake
watershed, between the outlet of Bone Lake andrileé of Little Comfort Lake, two potential
capital projects were identified; Birch Lake WetlaRestoration and the School Lake Outlet
Structure and Wetland Restoration projects. THeviing section provides narrative, expected
load reductions, costs, and preliminary design drgsvwith supporting information. Due to
results from the 2008 and 2009 tributary monitorithg highest loading seems to come between
the School Lake outlet and Little Comfort Lake tpnlas opposed to between Birch Lake and
School Lake. Therefore, findings from this reppdint toward the School Lake outlet and
wetland restoration project as being the projeat #hould be undertaken first and the need for
the Birch Lake Wetland Restoration project will determined through the District’'s ongoing
baseline monitoring program as part of the Disgicngoing support of adaptive management
approaches to the management of its water resources
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School Lake Outlet Structure and Wetland Restoratio

Monitoring conducted at the main inlet to Little Bfort Lake has shown significantly higher

loading than would be predicted from the Schoold gkosphorus concentration and loading
from the intervening subwatersheds. The phosphoousentrations leaving School Lake are
around 60 ug/L — too low to expect common treatnogritons to be effective. However, the

excess phosphorus load in the intervening waterffsddeen School and Little Comfort is

estimated at 200 pounds.

Inspection of aerial photographs indicates that liydraulic control for the School Lake

discharge is located about 2,500 feet downstrearth@flake; in this reach (Subwatershed
LCLO4) the stream appears impounded and about &0wiede. Downstream from there the

channel is much narrower, usually less than 10vgd¢, and follows a much more meandering
and natural planform. A site inspection in Septemd007 found that there is a service road
crossing the stream at that location; a beaver wia fall of about 1.5 feet is located about
100 feet upstream. Together they are respongiblienjpounding this segment of stream, which
flows through a large cattail wetland and is codete a large extent by lily pads. The

impoundment appears to affect phosphorus exchalogeg ghe stream, although it cannot be
reasoned just what the effect might be. Givenatailable information, it is not possible to

state what a more natural state might be for theo8cLake outlet. Therefore, a series of
synoptic surveys of the phosphorus concentratiasfilpralong the length of the stream is

recommended to help identify phosphorus sourcessamkt that may be worth treating. A

geomorphic assessment of the reach between Scladel &nd Little Comfort Lake may also

provide information necessary for properly restgrihe reach to natural conditions.

For the preliminary design and cost estimate, & i@en assumed that the phosphorus source is
the impounded channel in the large wetland of LCL@he hypothetical cause of loading may
be the sluggish water in the channel and anoxiaveads which could release phosphorus to
the overlying water, where it is transported dowestn. Based on the available information
and assumptions, the preliminary project concepbé used as a placeholder until the problem
can be further diagnosed) includes the following:

Construction of a sheet pile weir to maintain thesent elevation of School Lake close to the
lake.
Removal of the beaver dam and replacement of theeituat the service road. This
would allow the stream to flow freely from the lalewnstream.
The culvert would be oversized to allow its invertbe set below the stream bed and
filled partly with sediment similar to that of th&ream bed. This would provide
continuous stream habitat substrate, but more itaptly, it would allow the erosion
and deposition processes to determine the strealvedl elevation at this point, rather
than having it controlled by the invert.
Restoration of the channel between the culverttaednew School Lake outlet. The
channel would be defined partly by planting vedgetathat would help stabilize the
new channel banks.

The targeted benefit of the project would be reidumctof approximately 50 pounds of
phosphorus load to Little Comfort Lake. The estedeaoutflow load from School Lake is 475
pounds. The outflow load from Subwatershed LCL0828 pounds which is approximately 50
pounds greater than the School Lake outflow. Thel gbthe wetland restoration is to restore a
net zero (i.e., inflow equals outflow) discharge mfiosphorus, which would result in a
reduction of 50 pounds of phosphorus. The estithgeesent-value cost for this project
(including engineering, property easements, constm and operation and maintenance costs)
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is $290,000. The estimated annual load reducti@xpected to be 50 pounds per year; with an
annualized cost of $23,000 per year, the cost-gfkmress over twenty years is $460 per pound.
The design concept and cost estimate are shownllowing pages. Feasibility and design
investigations specific to the restoration projeciuld include the above-mentioned diagnostic
investigations. The cost estimate includes a laa#ingency for the case that the diagnostic
investigations lead to a different project type.
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. School Lake Outlet Structure
Alternative: and Wetland Restoration LCLO4
Item Quantity Unit Unit Cost Cost
Investment Cost Estimate
Sheet Pile Weir (30" x 170") 5100 |sq. feet $ 15| $ 76,500
Beaver Dam Removal 1 [Lump Sum $ 2,000 | $ 2,000
Site Restoration 4 lacre $ 5,500 | $ 22,000
$ R
$ R
$ R
$ R
Mobilization/Demobilization 1 [Lump Sum $ 20,000 | $ 20,000
Contingencies 1 |ea. 20%| $ 24,100
Subtotal, Construction -- -- - $ 144,600
Engineering, Legal, Admin. 1 |ea. 35%| $ 50,610
Land, Easements 4 lacre $ 20,000 | $ 80,000
Total Investment Cost $ 280,000
Annual Operating Cost
Staff operational time 16 |person hours $ 50| % 800
$ R
$ R
Annual operation costs $ 800
Overhaul Cost at 20 years
$ B
$ R
$ R
Total replacement costs $ -
Project Present Value
Investment Cost $ 280,000
Economic life 20 |yr.
Replacement occurs at 20 (yr.
Discount rate 5.0%
Present Value of Annual Costs $ 9,970
Present Value of Maintenance & Replacement $ -
Total Present Value $ 290,000
Project Annual Cost
Annual cost (annuity) $ 23,000
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Birch Lake Wetland Restoration

The watershed and lake response model indicateghen®0% of the load to Birch Lake is from
Bone Lake (254 pounds) and 40% is from the intengerwatersheds (150 pounds). The
concentrations are around 60 to 80 ug/L, too lovexpect common treatment options to be
effective. However, the phosphorus concentratioBirch Lake is about twice that in Bone
Lake, substantially higher than anticipated basedhe external load. Therefore, the model
was used to estimate that there is an excess lbatbout 250 pounds from the contributing
watershed between Bone and Birch or from withircBitake itself. The Birch Lake internal
load, as described in the District's watershed vl allocation modeling effort included in
Appendix A; but because the flow is almost entineithin channelized wetlands, the wetlands
are suspected of causing the increased loadingaandtland restoration was recommended.
The excess load must be confirmed through spettidies of this stream reach before a project
can be planned. These investigations should bgrues to identify sources, and if possible,
identify causes of the increased loading. Theysthbuld also verify that internal loading in
Birch Lake is not the source.

For the preliminary design and cost estimate, & Ib@een assumed that the source of the excess
phosphorus loading is the large wetland (125 aatdsl. 908) in Subwatershed LCL20. One
hypothetical cause of loading may be the altergafiooding, draining and drying of the
wetland sediments. Under dry conditions, oxidatan lead to release of phosphorus bound in
organic wetland soils, then flooding bring the waite contact with the released phosphorus,
and subsequent natural draining of the wetland evdansport the phosphorus downstream.
Based on the available information, the prelimingrgject design (to be used as a placeholder
until the problem can be further diagnosed) inctutte following:

Construction of a sheet pile weir at El. 907 to meain wetted soils in the wetland for a
longer period of the year, limiting water exchanggh the wetland as well as the
associated phosphorus transport.

Such a project is often referred to as restorimghidroperiod of the wetland. On the
basis of the existing topography, the weir is nqiexted to cause increased open water
or impounding, but merely increase the depth inditehes cut through the channels.

The benefit of the project would be reduction of #80-pound phosphorus load to Birch Lake
and reduction of downstream loading to School Lakbée estimated outflow load from Bone
Lake is 254 pounds. The outflow load from SubwdtedsLCL20 is 385 pounds which is 130
pounds greater than the Bone Lake outflow. The gb#he wetland restoration is to restore a
net zero (i.e., inflow equals outflow) discharge mffiosphorus, which would result in a
reduction of 130 pounds of phosphorus. The estithgtesent-value cost for this project
(including engineering, property easements, conostm and operation and maintenance costs)
is $650,000. The estimated annual load reducBaexpected to be 130 pounds per year; with
an annualized cost of $52,000 per year, the cdstifeness over twenty years is $400 per
pound. Details of the design and cost estimatenataded in the following pages. Feasibility
and design investigations specific to the wetlaaataration would include the above-mentioned
diagnostic investigations. The cost estimate itbetua large contingency for the case that the
diagnostic investigations lead to a different pcoggpe.
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Best Management Projects

In addition to the above referenced projects, lant education encouraging appreciation and
stewardship of the referenced wetlands and theallason of localized best management
practices (BMPs) is recommended to supplementaae teduction efforts planned through the
School Lake outlet structure and wetland restoma@md Birch Lake wetland restoration

projects. The education efforts could focus onliéeefits and functions of area wetlands, their
unique characteristics, and could be completed utitro targeted education sessions,
neighborhood meetings, door to door discussionis kaitdowners or other methods.

Recommended BMPs for residential properties inclugiegardens, vegetated swales, and
biofiltration/bioretention areas as well as pragsicsuch as rain barrels and the redirection of
roof downspouts to vegetated areas. These practice recommended for residential sites
because they are aesthetically pleasing additiansatresidential yard or are simple
modifications to the management of roof runoff.

The BMPs recommended for roadways include porousempant, vegetated swales,
raingardens, biofiltration/bioretention areas, diftlation. These practices are recommended
for roadway sites because they can be adaptedinea arrangement within the road right-of-
way.

The installation of local best management practicegrotect the quality of could include the
targeted implementation of projects by CLFLWD, tgh the existing cost-share program
where feasible, such as:

- biofiltration or other suitable feature (s) to aaet runoff from area roads (i.e. July
Avenue and Manning Trail) treat it prior to discharto the wetlands and Birch and
School lakes
best management projects in cooperation with ragtoaties where roads currently
drain untreated to the wetland
working with specific landowners to increase buffeeas where there are currently
smaller buffers
working with specific landowners who have structuger compost in the wetland to
relocate those features

In addition to the residential and roadway BMP<dssed above, lakeshore and agricultural
BMPs are also important;

The BMPs recommended for agricultural areas include
conservation tillage to reduce soil and nutriemkxffito water resources
buffers, vegetated swales , and rock inlets togatostreams and lakes from sediment
and nutrients contained in agricultural runoff
livestock and manure management to reduce animghdia to streams and nutrient
loading to lakes

The BMPs recommended for lakeshore properties declu
lakeshore septic improvements to reduce the nurobdailing septic systems and
reduce nutrient loads
shoreline restoration to improve shoreline hataited reduce erosion
the establishment and preservation of native véigetduffers to promote filtration
and shoreline stabilization
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Recommendations
Based on the findings of this study it is recomnezhthat the CLFLWD:

Continue District’s baseline monitoring program ongoing rtoring of the Little Comfort
Lake Watershed water quality and outflow in order t
- Review and calibrate the District’s water qualitpael for the watershed
Evaluate the impact of the project(s) undertakeariradaptive management approach
in order to determine effectiveness of project(® # determine additional needs to
meet downstream goals.

Completein the Little Comfort Lake Watershed:
Continuously promote localized BMPs by leveragimgl dargeting the CLFLWD cost-share
program toward projects or by designing and instalprojects that will:
Increase the width and quality of wetland buffers
Look for opportunities for partnerships to constru@ter quality treatment BMPs for
roadways and developed areas that discharge tdBittth Lake and School Lake
wetland with no current treatment
Undertake the School Lake Outlet Structure and &vietiRestoration Project (prior to
Birch Lake Wetland Restoration project)
If it is determined that further phosphorus reduttis needed after the evaluation of the
completed School Lake Outlet and Wetland Restanaooject, undertake the Birch
Lake Wetland Restoration project.
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APPENDIX

APPENDIX A
Tributary Rating Curves

Manning Trail Manning Trail Rating Curve
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Little Comfort Rating Curve

An area-velocity relationship was used at this tsitealculate discharge (4/9/09 — 11/2/09,
x=stage): A=0.3462*(x"5)-2.4773*(x"4)+7.1474*(x"9)5605*(x"2)+18.65207*x
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APPENDIX B

Little Comfort Lake Watershed Modeling Results from District's 2007
Load Allocation Modeling Study (CLFLWD 2007)

INTRODUCTION

Comfort Lake — Forest Lake Watershed District

The Comfort Lake — Forest Lake Watershed Distf@itKLWD, the District) covers
approximately 48 square miles in Washington and&jo Counties. The outlet from
Forest Lake forms the headwaters of the SunriserRwhich in turn flows through
Comfort Lake, the outlet for the District. Froneth, the Sunrise River flows north and
joins the St. Croix River.

The District was formed in 1999, taking the plat¢he Forest Lake Watershed
Management Organization (FLWMO) and expanding @ado include all tributaries to
Comfort Lake, as well as the landlocked basinsigt and Second Lake. The District
completed its first Watershed Management Plan 0120Trhe plan included the
following mission statement:

“The mission of the Comfort Lake — Forest Lake Whited District is to
protect and conserve it water resources. The Ristvill use sound
scientific water management approaches, technatognel methods.
The District will develop a uniform, integrated appch to water
management within a rapidly changing and urbanizanga.”

In the plan, the CLFLWD designated its 49 lakesit®er recreational or non-
recreational lakes; the six recreational lakesctviiave become the focus of water
guality management, include:

Bone Lake;

Little Comfort Lake;
Sylvan Lake;
Shields Lake;
Forest Lake; and
Comfort Lake

Need for Study
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Interest in improvement of the lakes has been ewifte a number of years. The first
studies of phosphorus loading in the District daek to the 1970s. MPCA'’s draft 2008
303d list of impaired waters includes Moody, Bo&ehool, Shields, and Comfort Lakes
as being impaired for excess nutrients and Foralse las being impaired for PCBs in fish
tissue. Even though Birch Lake’s water quality doesmeet the State water quality
standard criteria, Birch Lake was not listed beedbimsed on factors MPCA uses to
determine if a waterbody is a lake or wetland)NtfeCA classifies Birch Lake as a
wetland as opposed to a lake.

The 2001 Watershed Management Plan identified d foegrojects and programs to
protect and improve the District’s recreationaldsk The District’s growing season
average total phosphorus goal is 30 ug/L for isgteated recreational lakes. The Plan
also identified data and studies that would be eddédr comprehensive and uniform
approach to management. Since then, the DisiaEtundertaken the following activities
aimed at development of a comprehensive capitalaagment plan:

The District initiated a long-term hydrologic an@ter quality monitoring plan in
2003 which continues through the present.

The District completed topographic mapping of theershed with 2-foot contours.
The District completed XP-SWMM modeling of the eatwatershed to delineate the
watershed and determine flood elevations and digelsawithin the District (SRF,
2005).

The District is currently in the process of devéhgprules to regulate the impacts of
development on water quality and quantity.

The District initiated this study in April 2006 withe goal of determining a set of
BMPs and capital projects which the District caplement in order to meet water
guality goals for its recreational lakes.

Scope of Study

In April 2006, the CLFLWD Board of Managers apprdvaitiation of the study of water
quality in the watershed and six key lakes thaisumented in this report. A flow chart
of the study process is shown in Diagram 1.1. dljective of the District is to improve
water quality in the recreational lakes. Thereftine study objectives are as follows:

Develop understanding of water quality in Disttadtes;
Identify opportunities for improvement;

Identify projects that impact water quality; and

Prioritize the projects in terms of results andt @fectiveness

The key elements of the study include:
Review monitoring data and recommend additionalistifor the 2006 monitoring
season;

Develop water budgets for the lakes using exidi@iga and an existing XP-SWMM
model for the watershed;
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Quantify external phosphorus loads to each lakedas a Unit-Area-Load
watershed model and stream monitoring data;

Quantify internal phosphorus loads to the lakemfio-situ phosphorus
measurements and laboratory experiments;

Model lake responses to existing hydraulic andientioading;

Determine the phosphorus load reductions needetest water quality goals;
Review of ecological data to improve understanaihthe lakes and inform the
proper selection of management activities;

Identify practices, programs, projects and manageaetivities that can be
implemented to achieve the target water qualitygjoa

Seek input from study Stakeholders and work withBleard of Managers to
determine the final capital improvement plan;

Prepare preliminary designs and cost estimatethéoselected projects, and;
Prioritize the selected projects on the basis @fgific and practical reasoning.

Although the study focused on managing water qualithe six key recreational lakes,
three additional lakes — Moody, Birch and Schodtdsa— were identified as being key to
managing water quality in Bone and Little Comfoakies, so they were also studied in
detail. Twelve peripheral lakes — Lendt, ThirdaSeeilson, Clear, Twin, Cranberry,
Elwell, Heims, First, Second, and Shallow Pond +ewecluded in the water balance and
nutrient loading components of the study, becalsg drain to (and therefore influence)
the other lakes being studied. Figure 1 showsattegions of the six recreational lakes,
the three secondary lakes and the 12 peripheraslak

The study elements above were completed during 26662007 and are documented in
this report. The report will provide the basis tloe 2008 revision of the CLFLWD
Watershed Management Plan. It also will servdhadasis for Total Maximum Daily
Load studies to be completed during 2008.

Data Sources
The primary data sources for this study include:

SRF (2005) produced an XP-SWMM model of the erfioenfort Lake — Forest Lake
Watershed District (hydrologic boundary). SRF wedited approximately

300 subwatersheds for the model based on two-fodbar topography. The
delineation served as the basis for the modelimgadoed in the present study (see
subwatersheds shown in Figure 2). In additiony@amately 70 key culverts and
weirs were surveyed for the model.

Much of the GIS data needed for this study waslalvi from the SRF model data.
Additional public sources were used.

Historic lake water quality data from the STORE Tathase.

Historic fisheries data from DNR.

Lake bathymetry was taken from DNR lake depth naaqmsfrom soundings of Birch
and School Lakes by Washington Conservation DisfitCD).
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Watershed hydrologic and water quality monitoriegfprmed by WCD under
contract to the District from 2003 through 2006 ek recommended changes and
additions to the program before the 2006 seasajua#ic plant surveys were also
added to the monitoring program in 2006. Modeliagk for the study began after
data became available in early 2007.

Sediment cores collected by Wenck were analyzedignocosm experiments
assessing internal loading rates.

Animal unit survey by CLFLWD Manager Moe and adrsirator Anhorn,
supplemented by County sources.

Several lake and watershed studies carried obeipast were reviewed. Their key
findings or recommendations are summarized in 8est8 through 11.
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Diagram 1.1 Study Process Flow Chart
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Organization of Report

This report summarizes the study methodologiedsaecmaking process and the
resulting watershed management and capital impremnepian for the watershed,
generally organized as follows:

Section 2 describes the development of the watdrish@rologic and water quality
models used as the technical basis for the invasgtigs. These include the
development of model inputs, use of monitoring dater and phosphorus budgets,
model construction, and calibration. This modelvags used for simulation of lake
response to load reductions, described in the suiese sections.

Sections 3 through 11 describe the detailed assedgsyhthe nine lakes that are the
focus of this study. Each section describes tlo&draund information for the
subject lake: watershed, lake size, water qualgiohy, and ecological character.
Then the water and phosphorus budgets, lake respoodel results, water quality
goals and targeted load reductions are summarikbd.sections are organized in
upstream to downstream order, starting with Moodlgd_across the northern part of
the watershed to Little Comfort, and then from &send Sylvan Lakes, through
Forest Lake and finally to Comfort Lake. (This @rds maintained through all
listings.) Section 11 includes a detailed analg$igrowing season loading and
phosphorus response for Comfort Lake.

Section 12 details the process of screening patecdpital improvement projects and
management activities for all the lakes, and thiemale for selecting projects for
implementation. It also includes descriptionsha final preliminary project designs,
cost estimates, prioritization and capital improeatplan.

A compact disc (CD) containing data, models an@oiiformation used in the study
process that is too extensive to include in thiredocument was provided to the
District by Wenck Associates. This informatiomdze used as a resource by the District
in future watershed management.
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WATERSHED AND LAKE INVESTIGATION METHODOLOGIES

Detailed water and nutrient budgets combined véike Iresponse models provide a useful
tool for identifying watershed management optiond gneir potential effects on lake
water quality. This information is then used bytevahed managers to make informed
decisions about how to allocate restoration dolarfsind capital improvement projects
and efforts.

Modeling analyses for this study were completedgigihe following models, tools and
data: monitoring data, scientific literature, watexd inventories, the XP-SWMM (v9.1)
dynamic watershed hydrologic and hydraulic modeltevbudget, geographical
information systems (GIS) analysis and synthesisjitarea loading model for
estimating watershed loads, and a lake responselrtmdssess effects of load changes.
Diagram 1.1 shows the sequence used in developegnmbdeling for this study. The
major components of the watershed and lake inasbigs were:

Watershed hydrology
Phosphorus loading (external and internal)
Lake response modeling

The methodologies used to analyze these three aoenpmare discussed in Sections 2.1,
2.2 and 2.3 below. The results for each of the takes studied are described in
Sections 3 through 11.

Hydrologic Investigations and Lake Water Budgets

Hydrologic investigations were aimed at developdetgiled annual water budgets for the
nine study lakes as well as for the twelve periphlakes (Section 1.3). The water
budgets were developed first on the basis of thehdirge monitoring conducted by the
Washington Conservation District (WCD) under cocttta CLFLWD. Not all sites

could be monitored, however, and monitoring way eniilable during ice-free
conditions. Therefore, the XP-SWMM model was ugedugment the monitoring data
and “fill in” the water budgets for unmonitoredestand unmonitored time frames. The
calibration and use of the XP-SWMM model is dethile Appendix B and water budget
development is described in Appendix C.

Water budgets were developed for a “modified wgéanr” for the one-year (365 day)
time period ending with the end of the monitoriegson. Three sets of water budgets
were developed for average, wet, and dry conditidrige study focuses on the
“benchmark year” condition which is selected as28@4 water year because it most-
closely represents the average condition in termstal runoff from the watershed (use
of the term “normal year” is avoided). In orderassess and select the benchmark, wet
and dry year monitoring data, the WCD monitoringadar the watershed (from
2003-2006) was compared to 36 years of USGS stfieandata for the Sunrise River
available for 1950 and 1985. In 2004, 5.21-inabfeannual runoff was measured at the
watershed outlet from Comfort Lake. This is theselst (of years monitored) to the
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average annual runoff (5.57-inches) from the US@G®hcal data (see table below).
Therefore, 2004 data was used to represent ‘berréhomnditions. Water budgets were
then developed for three years — 2004, 2003, af@ 20epresenting benchmark, wet
and dry conditions, respectively.

WCD Annual USGS Monitoring  Annual

Monitoring  Adjusted (1950-85) Runoff (in)
Runoff (in)

2003 7.56 Wet Minimum 2.32

2004 5.21 Benchmark Maximum 9.50

2005 2.02 Dry Average 5.57

2006 2.48 Dry

Watershed runoff was estimated based on the hyglmémd hydraulic model
(XP-SWMM v9.1). The XP-SWMM model was calibratedcumulative discharge
volume for benchmark conditions using the 2004 rtooimg season data. Appendix B
provides more detail on the XP-SWMM modeling metblody.

The water budgets for 2004, 2003 and 2006 (bendhmeat and dry conditions,
respectively) were based on the WCD monitoring daththe XP-SWMM results.
Additional details on the water budget analysishudblogy are included in Appendix C.
The results of the water budget analyses for e&temine lakes studied are included in
Sections 3 through 11 of this report.

Phosphorus Loading

Understanding the phosphorus sources to the CLFIL&KEs is a major focus of this
study. This section provides a brief descriptibthe potential sources of phosphorus in
CLFLWD lakes and the methods used to quantify phosgs loading for the study.
Detailed nutrient budgets were ultimately develofuedeach of the nine lakes studied,
based on the nutrient loading assumptions deschibtids section. (Budgets for the
peripheral lakes were determined within the loadind response model.)

Individual phosphorus sources were identified, gifiad and summed to determine the
lake phosphorus budget. Phosphorus sources agsedbe phosphorus budgets
included:

External phosphorus loadirigpm:
Non-point source loads exported from the landseaspaffected by land use
(Sections 2.2.1 through 2.2.4)
Point-source discharges as in septic system redé&setions 2.2.5 through 2.2.7)
Atmospheric deposition (Section 2.2.8)
Groundwater exchange (Section 2.2.9)
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Internal phosphorus loadirfgpm:
Lake sediment release (Section 2.2.10)

Phosphorus losses addressed in the lake modeld®s&cB)
Lake discharge (surface water and ground water)
Sedimentation

Non-Point Source Load Export Coefficients

The CLFLWD watershed phosphorus loads were deteaniising unit area loading rates
(UALs) in terms of pounds of phosphorus per yeafag/yr). UALs were selected based
on literature values that best represented landdisect runoff) conditions in the
CLFLWD watershed (see Appendix E and Table 2.1)e fiecommended values are
largely based on the Detailed Assessment of Phospl8purces to Minnesota
Watersheds (MPCA, 2004).

Table 2.1 — Total phosphorus (TP) values for landses used in CLFLWD unit area
loading (UAL) model

Land Use Phosphorus UAL
kg/halyr Ib/aclyr
Cropland 0.38 0.34
Forest 0.075 0.67
Grassland 0.169 0.15
Developed — High 15 1.34
Developed — Med 1.15 1.02
Developed — Low 0.91 0.81
Golf Course 0.91 0.81
Sand & Gravel Mining 0.0 0.0
Wetlands -0.02 -0.02

A geographic information system (GIS) analysisasfd use and land cover data was used
to determine areas for each land use/land coveach subwatershed. These areas were
used within the watershed loading and lake resporttel to calculate non-point source
loads for each of the 286 subwatersheds model¥®i8WMM (see figure in

Appendix F). Phosphorus loads calculated by UAEsennput to the lake loading

model by lakeshed.

Urban/Development Runoff

Phosphorus transported by storm water represeptsfahe largest contributors of
phosphorus to lakes in Minnesota. Transport oannunoff to local water bodies is
quite efficient as a result of local storm sewestsegns. As a result of this efficiency,
other materials are transported to the water bad@&sding eroded soil, grass clippings,
fertilizers, leaves, car wash wastewater, and dnivaate. All of these materials contain
phosphorus which can impair local water qualitpm® of the material may add to
increased internal loading through the breakdoworgénics and subsequent release
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from lake sediments. Additionally, the input ofanic material can increase the
sediment oxygen demand further exacerbating thatidarand intensity of phosphorus
release from lake sediments.

Excess chemical or organic fertilizer applied twria and golf courses can be readily
transported to local streams and lakes during fuexants and is immediately available
for algal growth. Consequently, excess fertiliean represent a significant threat to lake
water quality in urban watersheds. The metro-ptesphorus fertilizer ban and golf
course management plans can substantially redese thotential loads. Therefore, storm
water is an important water quality source in urbad urbanizing watersheds. Because
the CLFLWD's watershed is expected to develop @urih the next 20 years, storm water
will be an important source of phosphorus to cdntépproximately 19% of the
CLFLWD is currently developed. UALs for developaeas varied depending on the
density of development, usually interpreted asgranpervious surfaces in the
watershed (e.g., pavement, roofs); this is detaiedppendix D.

Agricultural Runoff

Agricultural runoff can supply significant phospheroads to surface waters by
transporting eroded soil particles and associatgdemts, as well as dissolved
phosphorus from excess fertilizers. Approximats89o of the CLFLWD is tilled
agriculture (cropland) with significant amountssobsurface drainage and ditching.
Runoff and erosion from these fields is estimatede a significant contributor to
watershed loads to CLFLWD'’s lakes. Table 2.1 shthegphosphorus UAL rate for
cropland areas in the watershed loading model.

Wetlands

The traditional paradigm for wetlands and watedityies that wetlands act as a sink for
nutrients such as nitrogen and phosphorus. kd®iming more common in the State of
Minnesota, especially in urban areas, for detanedstigations to find that wetlands
(highly modified with channelized flow paths) ariag as sources of phosphorus to
surface waters. The phosphorus loading model detlunost wetlands acting as slight
sinks, because there are not detailed studiesfiglagtparticular wetlands as nutrient
sources. Some wetlands have been identified thrtheymodeling as potential sources
in need of additional study and restoration; treaseidentified in Section 12.
Approximately 19% of the CLFLWD area is wetlandable 2.1 shows the phosphorus
UAL rate for wetland areas that were assumed imtershed loading model (-0.02
pounds TP/acre).

Point Source Discharges

There are no point sources, in the classic sentf@nwhe CLFLWD watershed. There are
two NPDES Phase Il permits for small municipal sefgstorm sewer systems (MS4) in
the CLFLWD: Washington County and the City of Forleske. The NPDES permit
number for Washington County is MS400160. Foredtelis a designated MS4 that was
required to obtain permit coverage by February2D®7. Loading from the municipal
storm sewers is estimated in the non-point sour@eetusing UALs and not as point
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sources. The Forest Lake wastewater treatment @ftiment (MNG640118-SD-1)
discharges outside the watershed.

Shoreline Septic Systems

Failing or nonconforming individual septic treatrhegstems (ISTS) can be an important
source of phosphorus to surface waters. AppendiktHe “2004 Legislative Report:
Detailed Assessment of Phosphorus Sources to Mite&gatersheds” indicates that
there is an average 11.4% failure rate of ISTSHerSt. Croix River Basin and that 22%
of phosphorus loads to ISTSs eventually makesatg t lakes or streams. While the
average failure rate is relatively low, the numbeISTS may represent a significant
source of phosphorus to District lakes.

Septic system loads for the watershed were estthistsed on the following: number of
septic systems in the watershed and results fropeAgix H of the 2004 Legislative
Report, including 2.68 capita per residence, 1@khps of phosphorus production per
capita per year, and an average of 78% phosphetestion by the system and soils.

Digital aerial photography, parcel maps and larelas/erages were reviewed to
determine the number of residences around eigtieo$tudied lakes. Then, the estimated
ISTS phosphorus discharge rate of 1.08 poundsSJ¥e® per year was multiplied by the
number of ISTSs to determine the ISTS load for eackewered lake in the watershed
loading modef. The following table summarizes the ISTS loadiagtaned in the
modeling.

Estimated Lakeshore Septic

Lake # of ISTSs Phosphorus Load
(Ibs Pl/year)

Third Lake 15 16.2
Moody Lake 8 8.6
Bone Lake 78 84.1
Birch Lake 4 4.3
School Lake 7 7.5
Little Comfort Lake 15 16.2
Shallow Pond 91 98.1
Sylvan Lake 67 72.3
Forest Lake (East Basin) -n/a- -
Shields Lake -n/a- -
Forest Lake (Center Basin) -n/a- -
Forest Lake (West Basin) -n/a- -

! Phil Gravel, City Engineer for Forest Lake, pradcdthe sanitary sewershed map for the City of Fores
Lake. Residences around Forest Lake (West, CanteEast basins) and Shields Lake are sewered, thus
the ISTS load for these lakes is zero.
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Livestock

Animal agriculture can have a substantial effectvater quality. Animal waste, which
contains both phosphorus and nitrogen, is oftetiegbfo agricultural fields as fertilizer.

A regional Minnesota study suggests that manuapdied at a rate 74% greater than the
University of Minnesota-recommended amount of phosps (Mulla et al. 2001). This
can result in an extra 35 pounds per acre of prasghwhich could ultimately be
transported by runoff or enter the ground waterifidnally, runoff from feedlots can
transport animal waste containing phosphorus dyréatsurface waters. Animal waste is
a contributor to watershed loads, but is spatiadiyable and subwatershed-specific.

An informal livestock inventory by one of the Distrmanagers and the District
Administrator was used along with county animatk aiaita to estimate the total domestic
animal population in each subwatershed (AppendixTFle population estimates were
used in conjunction with the following animal-sdecphosphorus production rates to
estimate phosphorus loading for the individual satensheds.

Production Rate of P in

Animal Unit [AU] Manure as P[Ib/AU/d] Citation

Beef Cattle 0.097 ‘ASAE D384.2

Beef Calves 0.055 ASAE D384.2

Dairy Cattle 0.17 ASAE D384.2

Dairy Calves 0.055 Assumed AUF = 1.DBeef Calf
Horses 0.029 (sedentary) ASAE D384.2
Chickens 0.011 ASAE D384.2

Sheep 0.0087 MWPS

Goats 0.0097 Assumed AUF = 0.1 Mature Beef Cow
European Red Deer 0.0055 Assumed AUF = 0.1Beef Calf
Llamas 0.0055 Assumed AUF = 0.1Beef Calf
Dogs 0.0000275 Assumed AUF = 0.000Beef Calf

a) Use MPCA Feedlot Inventory Animal Unit FactolJR) to relate published value for Mature Beef
Cattle Production Rate of P in Manure.

b) Converted from 0.02 Ibs P205/day using P205=P.ZMWPS, 2004)

¢) American Society of Agricultural Engineers

Not all phosphorus that is generated by livestoekune is transported by subwatershed
runoff to a tributary stream or downstream wetlanthke. A reduced percentage of the
phosphorus generated by livestock is accountenhfittre modeled lake nutrient budgets.
While research finds that livestock waste can ¢ouate from 7 to 65% (Mulla, et.al.,
1999) of the total phosphorus load in surface vgathis is dependent on many factors.
The watershed loading models for the nine studgdassume 4% delivery of
phosphorus loading estimated from domestic animaices in each lake’s watershed
(via runoff).

Atmospheric Deposition

Precipitation and dust containing phosphorus fiaflally on lake and land surfaces and
must be quantified as a direct input to the lakesphorus budgets. Although
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atmospheric inputs (precipitation and dryfall) mistaccounted for in development of a
nutrient budget, these inputs are impossible tarobnApproximately 18% of the
CLFLWD surface area is open water.

Atmospheric loading rates for the benchmark, wet@ny years (2004, 2003 and 2006)
were set at 0.13 Ib P/ac/yr, 0.16 Ib P/ac/yr, add (b P/ac/yr, based on data available
for the St. Croix River Basin in the 2004 LegislatReport (see table below).

Groundwater Exchange
Exchange between the lakes and ground water whglgdin the watershed loading and
lake response models to:

1) Balance water budgets regionally (i.e., actbesvhole watershed) between recharge
areas in the eastern portion of the watershed emcti@rge areas in the west. The
regional exchanges of groundwater have both recharge actalige zones that have
a net zero effect in the CLFLWD.

2) Represent losses to groundwater in landlockeths (which have no natural or
active surface overflow). Thiscal interaction is how landlocked subwatersheds
contribute to downstream receiving waters.

The regional groundwater recharge is w#aring a waterbodyo groundwater. This
removes water volumes and phosphorus loads fromréepective budgets. The total
load is calculated using the volume defined invilager budget and phosphorus
concentrations predicted in the lake response model
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In contrast, regional groundwater discharge is netéering a waterbodyrom
groundwater. This adds water volumes and phospHhoadls to their respective budgets.
The total load is calculated using the volume defim the water budget and the
MPCA'’s median phosphorus concentration of 56 ugfisurficial quaternary aquifers.

The groundwater attributed to landlocked “upstréakes” represents water leaving a
landlocked lake (e.g. Sea Lake, Nielson Lake, Hinegke, Sylvan Lake, and Clear Lake)
by way of groundwater and entering the next dowadgmt lake via regional
groundwater flows. This total load is calculatethgghe groundwater volume defined in
the water budget and the MPCA’s median phospharasentration of 56 ug/L for
surficial quaternary aquifers. More detail onmstiing these volumes are presented in
the water budget, Appendix C.

The northeast portion of the CLFLWD drains to Fastl Second Lakes, which are
landlocked, having no surface overflow to downstreasources. Runoff volumes and
phosphorus loads are calculated for their subwiagelss but no lake response models
were developed because First and Second Lake®apau of the study and no lake
water quality data have been collected for thebaké models can be added later with
relatively little effort). Excess water from thdsa&es is assumed to be lost to
groundwater discharge out of the District. ThesFand Second Lake watersheds do not
affect the water quality in the District’s six reational lakes.

Internal Phosphorus Release

An important part of the nutrient budget in manynkksota lakes, internal loading is the
recycling of phosphorus contained in lake-bottoaireents back into the water column,
where it can be utilized by phytoplankton. Intéfdoading is most commonly associated
with anoxic conditions in the hypolimnion duringnstner and winter stratified periods.
When oxygen is depleted near the sediment surfaat( concentration less than

2.0 mg/L), phosphorus-iron bonds and other weaklb@me broken, releasing dissolved
phosphorus for transport into the water column.

Two measures were available to estimate the intévad to the study lakes. Wenck
collected sediment cores that were tested in te Army Corps of Engineers
environmental lab at the Eau Galle reservoir indbinsin. Cores from six lakes were
subjected to anoxic conditions in the lab to measeir phosphorus release rates.
Hypolimnetic phosphorus accumulation was also ¢afed using growing season
phosphorus measured by the WCD.

The results of these studies and calculation efinal loads are documented in
Appendix G. The lake internal loads used in tlke leesponse model are listed below.
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Lake Internal Phosphorus
Load (pounds/year)

Bone Lake 165
Moody Lake 490
Little Comfort Lake 56
School Lake 46
Birch Lake 18
Forest Lake (East Basin) 251
Forest Lake (Center Basin) 97
Forest Lake (West Basin) 73
Sylvan Lake 17
Shields Lake 76
Comfort Lake 223

Internal loading can also result from sediment spsuasion that may result from rough
fish activity, wind mixing or prop wash from boatteity. Additionally, curly leaf
pondweed can increase internal loading in littarelas when it senesces and releases
phosphorus during the summer growing season (late tb early July). These factors
are not part of the internal load estimates, bustrba controlled in some lakes to achieve
improvement.

Lake Exchange

Connected lakes or bays can exchange nutrientsghradvective exchange, where
currents convey water between them, or diffusiveharge, where turbulent exchange of
smaller volumes back and forth cause a net trabfpon high concentration toward low
concentration. Because most of the CLFLWD lakesnat directly connected, diffusive
exchange was assumed to be negligible. Forestd t#kee basins were modeled as
separate lakes, so that exchange of phosphorusredd¢hrough advection. Furthermore,
no backwater or return flows were assumed in tlob&xge process.

Watershed Loading and Lake Response Model

Sections 2.1 and 2.2, along with Appendices C thddigdescribe the inputs to the
CLFLWD Watershed Loading and Lake Response Modé¢lL(RM). The WLLRM is a
spreadsheet model built in Microsoft Excel for CM#D. It includes all of the modeling
data and equations for watershed phosphorus loadiddake water quality response.
The model calculates lake response based on thigeldaBachmann (1981) natural lakes
phosphorus sedimentation model. The componertteeahodel include:
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Model Water Budget Inputs

Lake area and volume.

Flow sequence.

Inflow water budgets.

Groundwater input and output volumes.
Lake surface precipitation and evaporation.
Landlocked watersheds and water bodies.

Model Phosphorus Loading Inputs
GIS inputs of land use and land cover determineraGIS for each of the
286 subwatersheds previously delineated for thstiagi XP-SWMM model.
Non-point source annual phosphorus load estimatesdon the UAL method for the
286 subwatersheds.
Shoreline septic loads are estimated for lakesphiarperties in non-sewered areas.
Phosphorus loads due to livestock are calculated&oh of the subwatersheds with
identified populations of domestic animals.
Atmospheric loading to the lake surface.
Internal phosphorus load estimates.

Lake Response to Phosphorus Loads

- Each lake response is modeled using the CanfietdhBann (1981) natural lakes
phosphorus sedimentation model. It balances fleetsfof hydraulic loading and
discharge through the outlet with phosphorus sedliation to estimate the growing
season in-lake phosphorus concentration.
Phosphorus — Chlorophyéi- and Chlorophylla — Secchi depth relationships were
compared to the ecoregion relationships from MNLENE either confirmed to fit,
or adjusted to fit historic data for each lake.
Lake response to load reductions was determinethé&benchmark year, and
corresponding changes in total phosphorus, Chlgibphand Secchi depth were
plotted against load reduction for each of the wlades.
The lake export load was determined from the ptedim-lake phosphorus
concentration and water volume. Adjustments te liltad were made due to the
differences between the growing season averagekadoncentration and the actual
discharge concentration that would apply to theuahdischarge load.

Watershed Routing of Water and Phosphorus

- The spreadsheet model includes routing througistiindy lakes as well as other
minor lakes and ponds in the watershed to estifagteand transport of phosphorus
upstream of the monitoring locations and studydaki®outing through minor lakes
followed the Canfield-Bachmann model equation diyeia the spreadsheet model.
Phosphorus retention in lakes must be simulateddar to predict loads downstream
of lakes.
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The routing within the model allows the simulatimiioad reductions and can
simulate the “cascading” effect of improvementsipstream lakes benefiting
downstream lakes.

Model Calibration
Calibration of the model was made by several stegading:

Global adjustments to the UALSs to improve fit tomitored annual loads;
Global adjustments to the percent yield to watalié®from animal unit loads;
Identification of loading increments — such asatéhces between the modeled
load increases and the increase in load betwegkeaoutlet and the downstream
monitored load — that would indicate unusual caadg such as phosphorus
export from an impacted wetland;
Adjustment of internal loads to match in-lake cantcations where estimates
suggested a range of possible loads;
Finally, the Canfield-Bachmann settling rate wagisted by a calibration factor
in order to improve the fit to the benchmark, wed ary year conditions.

Model Simulations to Evaluate Lake Water Quality an  d Load
Reduction Goals

Besides the load reduction curves presented wiki@nrmodel, standard simulations
included the evaluation of load reductions necgssameet water quality goals. The
model was used to evaluate necessary load redadbothe study lakes to meet
short-term goals, with the lakes meeting the defdidCA total phosphorus goals of
40 ug/L and 60 ug/L growing season average sudaneentration, for deep and
shallow lakes, respectively. Then, the load reédaatecessary to meet the goals
could be reduced by the amount provided by upstiaes meeting their goals.
The process was repeated with the 30 ug/L goahDistrict’s recreational lakes.
Then load reduction goals could be establishe@dgh of the study lakes.

Model results are described for each of the stallgd in Sections 3 through 11 which

follow. Section 12 screens and identifies captalects to bring about lake water
quality improvements in the District.
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MOODY LAKE
Physical Setting

Moody Lake Watershed

Moody Lake’s watershed encompasses 2,435 acre®i{&FLWD) and four lakes.
Land use in the watershed includes cropland (3%#¥)ands (25%), grassland (17%)
and forest (14%). Some of the farm land in the Mobake watershed is being
developed to medium-density residential land uske.main tributaries drain the
northeast and northwest portions of the watershexigh two culverts on the north edge
of Moody Lake.

The northeast tributary originates at Pine Lake féowds through a series of several
wetland complexes, grassland with livestock acte$®urth Lake to Moody Lake.
Overflow from Lendt Lake combines with dischargenfr Fourth Lake in subwatershed
NBL23.

The main land use in the northwest portion of tla¢enshed is cropland (47%), much of
which may be drained pre-settlement wetlands (@8Bp). It drains from the southeast
edge of Wyoming through natural channels past togsoperations (with direct channel
access), and through culverts under road crossingloody Lake.

Moody Lake

Moody Lake (MN DNR Lake # 13-0023-00) is considegedeep lake, although it shares
some character of a shallow lake due to its sigauifi littoral area of 61%. Its maximum
depth ensures that it remains thermally stratiffedugh the growing season. A
bathymetric map of Moody Lake is presented in Aglpeird; its depth and volume are
summarized below:

Depth Area Volume Area [ac]; Volume [ac-ft]/10
[ft] [acre] | [ac-ft] - 10 20 30 40 50
- 34 470 )| - ‘ ‘ O
10 17 220 A/
15 13 150 10
20 9 90
30 3 30| 20
40 2 10 || E
48 - _ £30
53
[a)]
40
50 L == Area [acre]
14 |Average Depth =& Volume [ac-ft]
48 [Maximun Depth 60 | |
61%|Littoral
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Moody Lake Water Quality History

Present Conditions, Trends

Summaries of historic water quality are presentet@bular and graphic form for Moody
Lake in Appendix | (original data and sources aauded on the report CD). The data
are presented as growing season (June 1 to Sept80)meverages of surface total
phosphorus, chlorophyi; and Secchi depth for each year data was availdbé¢a were
available for Moody Lake from 2005 and 2006; the4year average of growing season,
surface total phosphorus average is 167 ug/L. isHexr above typical values for North
Central Hardwood Forest ecoregion (23-50 ug/L), ianddicative of hypereutrophic
conditions. The two-year average chloroplayiverage is 52 ug/L (ppb). With just two
years of water quality monitoring, no trends in @vajuality can be identified for Moody
Lake.

Past Studies

No studies have previously been made directly itiyasng the water quality of Moody
Lake. Investigations of Bone Lake (see below) hdeatified the discharge from the
Moody Lake subwatershed as an important sourc@éasghorus to Bone Lake. Limited
inflow monitoring was done downstream of the watlaeparating Moody from Bone
Lake. Therefore the concentrations and loadsateftenot just the discharge from
Moody Lake, but the effect of that wetland. Th®2@omfort Lake-Forest Lake
Watershed District Watershed Management Plan diddeatify Moody as one of the six
key recreational lakes to be protected.

Moody Lake Ecological Analysis

Analysis of recent ecological data for the studgekare included in Appendix J. Key
findings relative to Moody Lake are presented below
- Panfish population declined dramatically from 1989998 survey.
Very high numbers of black bullheads were colledtechost recent survey;
winter kill may have occurred.
Macrophyte community diversity is very low, few dable submergent species
are present.
Curly leaf pond weed is abundant in the lake, foumidoth spring and fall
surveys in 2006.

Moody Lake Water Budget

The watershed runoff volume is the largest compboeMoody Lake’s water budget
tabulated below. Note that benchmark conditionsrref the 2004 Water Year, the year
studied that most closely represents “normal camast” Wet and dry conditions were
represented by 2003 and 2006 Water Years resphgctagereflected in the total Comfort
Lake watershed runoff. (Due to the size of thérentatershed, annual differences at
Comfort Lake may not be reflected at each lakd)e benchmark year was used for the
load reduction calculation and project sizing. Wet and dry years were used for
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verifications of the watershed and lake models.&xmjix C describes the development of
the lake water budgets and presents a bar plbedbénchmark conditions for this lake.

Benchmark Wet Dry
Moody Lake Water Budget Outflow and Inflow Conditions | Conditions | Conditions
Volumes (2004) (2003) (2006)
Watershed Runoff 498 1,288 160
Precipitation (direct) 61 66 64
Inflow Flow from Upstream Lakes via Surface 8 3 11Q 7
Volumes :
[ac-ft] | Flow from Upstream Lakes via Groundwatef 16 41 2
Regional Groundwater Inflow - -
Net Inflow (Change in Storage) - - -
TOTAL INFLOW [ac-ft] 614 1,505 233
Evaporation from Lake (81) (87) (87)
Outflow | ~;
Volumes D!scharge through Outlet (470) 36B) (82)
[ac-ft] | Discharge via Groundwater - - -
Regional Groundwater Outflow (64) (64) (64)
TOTAL OUTFLOW [ac-ft] (614) (1,505) (233)
Moody Lake Residence Time [year] 0.8 0.3 2.0

Under benchmark conditions, the lake receivesin8g its volume in water inputs for a
residence time of just 0.8 years. Under wet camustflushing doubles and under dry
conditions it would take two years to flush oncheTake response model balances the
effects of phosphorus loading, discharge from #éke (through its outlet), and calculates
settling of phosphorus on an annual timestep iemta estimate the growing season,
surface total phosphorus.

Moody Lake Phosphorus Budget

External Loading
Direct cropland watershed runoff loads and livelstoads are the primary external
components of the Moody Lake’s phosphorus budgetail2zd phosphorus budgets
tabulated in Appendix K; and graphically summaribetbw:
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Internal Loading

The Moody Lake internal load of 490 pounds wasweated from the accumulation of
ortho-phosphorus mass in the hypolimnion during2®@6 summer stratified period.
The release rate experiments showed a much sr@kiof 80 pounds. This may be in
part due to the fact that the sediment sampledtbat the microcosm and had to be held
in place with a mesh fabric during the experimeee(Appendix G). The internal load
was adjusted to 368 pounds in the calibration.

Moody Lake Model and Load Response

Empirical models are frequently used in the evatuabf lake response to phosphorus
loading; phosphorus is the limiting nutrient for shvlinnesota lakes. Lake models, such
as the Canfield-Bachmann (1981) equation, are tesedaluate the phosphorus
sedimentation and predict average in-lake phosphasacentration as a result of
external and internal loads, and water outflowgat& second empirical relationship is
then used to predict the in-lake algal concentnationeasured by the concentration of
the photosynthetic pigment chlorophgll- from the in-lake phosphorus. Finally a third
empirical relationship is used to predict waterityaor Secchi depth, from the
chlorophyll-a concentrations. These second and third empirétations are usually
ecoregion, or even lake-specific. Developmenhefghosphorus — chlorophyl—
Secchi depth correlations is summarized in Appehdix

Once the empirical models are selected and catithr@t necessary), generation of lake-
specific load response curves can be computedepyveise reducing the total
phosphorus load and calculating the lake respoasables for each step using the
empirical models.
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The Moody Lake response models and load respomgescare presented in
Appendix K. The Moody Lake load response curvegimwing season, surface total
phosphorus is shown below:

Moody Lake Benchmark Conditions
Lake Phosphorus Loading Response Model
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Moody Lake Goals and Load Reductions

In-Lake Phosphorus Goal

The Moody Lake growing season, surface total phosghgoal is 40 ug/L, the MPCA
standard for “deep” lakes. Moody is not designatea District recreation lake, so no
additional standard applies, and 40 ug/L is thetgieom and long-term goal for Moody
Lake.

Load Reduction Goals

The watershed loading and lake response spreadsiodel (Appendix K) predicts that a
total phosphorus load of 144 pounds would allow Mobake to meet its in-lake total
phosphorus goal. Under benchmark conditions,dte phosphorus load to Moody Lake
is currently 1,023 pounds. The difference in thes#points is the load reduction goal of
879-pounds of external and internal loading, thia B6% reduction from existing
benchmark conditions.
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Short- Long-

term term

Source Existing Goals Goals
Lake Total Phosphorug [ug/L] 152 40 40
Total Load [Ib] 1,023 144 144
Load Reduction Goals| [lb] (879) (879)
[%6] 86% 86%

Load Reduction due to Upstream Lakes

The watershed loading and lake response model s&bto determine load reductions
caused byipstream lakes meeting their gaaBecause Moody Lake is the most-
upstream lake considered in this study, there adead reductions to Moody Lake
caused by improvements in upstream lakes.

Best Management Practices and Load Reduction Projec  ts
Section 12 describes the process of BMP and pregettion for all of the studied lakes.
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BONE LAKE
Physical Setting

Bone Lake Watershed

Bone Lake’s watershed is the second largest maregesinea of the District with
5,760 acres (18% of CLFLWD) and seven lakes (inalgd/loody Lake’s watershed to
the north). Moody Lake’s watershed is the largé®one Lake’s tributary areas, and
enters Bone Lake at the north end of Bone Lake (@ddscribed in the Moody Lake
section).

The remaining tributary areas of the Bone Lake vgated encompass 3,325 acres. Bone
Lake’s shoreline is mostly developed with residesnedthough to the northeast, it is
bounded by roads. Besides Moody Lake, there aee timain inlets to Bone Lake,
referred to as: northeast (drainage from Third Lexkiers through subwatershed NBL10),
southeast (the inlet through SBLO8 receives drariegn Sea Lake via SBLO5 and from
the large watershed to the southeast via SBLOD) santhwest (via SBL38). Land use in
the direct watershed is cropland (39%), wetlan&84}l grassland (13%), forest (10%),
and lake open water (10%).

Livestock historically have had access to the édgenchannels and rich fen in the
wetland in the southwest portion of the watersheéne the runoff drains through
wetlands to Bone Lake. The rich fens are notegbfeservation.

There are relatively few wetlands south of Boned.akhannels draining mostly through
cropland do not generally have buffers. Residencédse area are mostly farmsteads
though development is expected to increase inutued.

Bone Lake

Bone Lake (MN DNR Lake # 82-0054-00) is considexatkep lake, although it shares
some character of a shallow lake due to its sigguifi littoral area of 58%. Its 32-foot
maximum depth ensures that it remains thermalstifgd through the growing season.
A bathymetric map of Bone Lake is presented in Awlpe H; its depth and volume are
summarized below:

76



Depth Area Volume Area [ac]; Volume [ac-ft]/10
[ft] [acre] | [ac-ft] - 100 200 300

- 204 2,740 ;

5 163 1,820 5 /
10 118 1,120
15 85 620 10
20 56 270
25 27 60 || E15
30 2 - |5
32 - 820

25
=== Area [acre]

13 |Average Depth 30 —&—Volume [ac-ft]
32 [Maximun Depth 35 |

58%| Littoral

Bone Lake Water Quality History

Present Conditions, Trends

Summaries of historic water quality are presentet@lpular and graphic form for Bone
Lake in Appendix | (original data and sources aauded on the report CD). The data
are presented as growing season (June 1 to Sept80)everages of surface total
phosphorus, chlorophyi; and Secchi depth for each year data was availdbé¢a were
available for Bone Lake from 1975 to 2006; the ager(since 1990, not continuous)
total phosphorus is 56 ug/L. This is above typicles for North Central Hardwood
Forest (NCHF) ecoregion (23-50 ug/L), and is inthieaof eutrophic conditions.

There is not a significant trend (improving or detrating) for surface total phosphorus
between 1975 to 2006. However, phosphorus hagdaingm a low of 34 ug/L in 1998
to a high of 103 ug/L in 1991.

Chlorophyll-a data collected shows an improving trend, over et four years, with
growing season averages decreasing each year.0DBeoBservation of 21 ug/L (the
lowest measured) is at the upper range of valyssalfor NCHF ecoregion (5-22 ug/L),
but it has ranged from 21 to 52 ug/L.

Secchi depth also shows no significant trend, alghat has fluctuated from 0.9 to 1.7
meters, with a growing season average around li@rsn®ata collected indicates that
Bone Lake isn't as clear as typical lakes founthe"NCHF ecoregion (1.5 to

3.2 meters).

Past Studies
Key findings and recommendation of past studieBafe Lake are summarized below:

National Biocentric (1976) found that Bone Lake waa pronounced state of

eutrophy, and that nitrogen was the limiting nuttiduring mid-summer (phosphorus
limited at other times). They developed a phospfitudget of 1,800 Ib/yr for Bone
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Lake with the main loads coming from Moody Lake (d®0%) and the southeast
tributary (20 to 40%). The study recommended reduthe total phosphorus load by
50%, focusing on these subwatersheds. Recommemtieds included manipulation
of wetland water levels; diversion of flows from bty Lake; treatment of lake
sediments to reduce recycling of phosphorus; ariliZer and manure management.

Wenck (1987) studied Bone Lake and estimated a alaumoff phosphorus load of
2,900 Ib/yr and suggested a load of 5,300 Ib/yfdtly urbanized conditions (without
controls). The study recommended measures to prévese increases (BMPs for
new development) as well as farm conservation plamther projects could not be
recommended due to the unfortunate timing of runashitoring.

Wilson (1990) reviewed existing water quality dated applied MNLEAP to review
goals for Bone and other lakes in the watersheel rddommended a phosphorus goal
for Bone Lake near 45 ug/L. He also made genemmendations for the whole
watershed including BMPs to minimize the effectsnafeased urbanization,

including sedimentation ponds, maintenance of wd#aconstruction site BMPs,
fertilizer management programs and wetland treatraeas.

The 1990 FLWMO Watershed Management Plan recomnaeraggh fish
management for Bone Lake along with reducing phogghinputs to the lake and
the general management activities of the WMO.

The 2001 Comfort Lake-Forest Lake Watershed DistMatershed Management
Plan identified a study process that included tiesent study to determine the
projects and programs to protect lake water quagddyticularly in six key
recreational lakes Comfort, Little Comfort, Bonerést, Shields and Sylvan Lakes.

North American Wetland Engineering (2005) prepadbne Lake Management
Plan which screened several projects and manageaotvities, leading to the
recommendation of: Rough fish harvesting; watedstentrols (i.e., rules); shoreline
BMPs; a settling basin with chemical addition foe tMoody Lake subwatershed;
sediment phosphorus inactivation; and barley straatments of the lake.

Bone Lake Ecological Analysis

Detailed analysis of recent ecological data fordtuely lakes are included in Appendix J.
Key findings relative to Bone Lake are presentddwe
- Biomass was evenly distributed among panfish, tedgtor and rough fish
groups in last survey.
Carp present in the lake are large, averaging appsadely 8 pounds in last
survey
Exotic species curly leaf pondweed and Eurasiaemvatifoil are present in lake.
Some desirable submergent species exist but tleaycdrabundant.
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Bone Lake Water Budget

The Bone Lake water budget is tabulated below émchmark conditions (which refers
to the 2004 Water Year, the year studied that rosely represents “normal
conditions”) and for wet and dry conditions (re@mrted by 2003 and 2006 Water Years
respectively, as reflected in the total watershewff at the Comfort Lake outle?)The
benchmark year was used for the load reductiorutzion and project sizing. The wet
and dry years were used for verifications of théanshed and lake models. Appendix C
describes the development of the lake water budgetpresents a plot of the benchmark
conditions for this lake.

Benchmark Wet Dry
Bone Lake Water Budget Outflow and Inflow Conditions | Conditions | Conditions
Volumes (2004) (2003) (2006)
Watershed Runoff 1,431 996 630
Precipitation (direct) 369 391 357
Vl(r)llfLIJ?r\:ves Flow from Upstream Lakes via Surface 949 1,439 90
[ac-ft] | Flow from Upstream Lakes via Groundwatef 162 218 163
Regional Groundwater Inflow - -
Net Inflow (Change in Storage) - - (62)
TOTAL INFLOW [ac-ft] 2,461 3,044 1,177
Evaporation from Lake (486) 352 (523)
Outflow
Volumes| Discharge through Outlet (1,591) (2,137) (394)
[ac-ft] | Discharge via Groundwater - -
Regional Groundwater Outflow (38B3) (383) (383)
TOTAL OUTFLOW [ac-ft] (2,461) (3,044) (1,301)
Bone Lake Residence Time [year] 1.1 0.9 2.2

Bone Lake receives a relatively large runoff voluana@ually, as reflected in the short
residence times. This has an important effechenn-lake phosphorus, which is also
controlled by phosphorus loading. The lake respansdel (see below) is used to
balance these effects and calculate settling ojpih@rus on an annual timestep in order
to estimate the growing season, surface total glwsg.

Bone Lake Phosphorus Budget

External Loading
Cropland and developed watershed runoff loadsher@timary external components of
the Bone Lake phosphorus budget. Upstream lakpscedly Moody, contribute another
significant load that must be controlled to impr@@ne Lake. Livestock and septic

2 Due to the size of the entire watershed annureifices at Comfort Lake may not be reflected elt ea

lake.
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loads are also significant, controllable sourceghafsphorus to Bone Lake. The total
load to Bone Lake is 1,229 pounds per year unagebémchmark condition. Detailed
phosphorus budgets are tabulated in Appendix K;sammaimarized graphically below:
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Internal Loading

The Bone Lake internal load of 188 pounds was detexd from the microcosm release
rate experiments and the average anoxic factd2d0B to 2006 (see Appendix G). The
internal load was adjusted to 132 pounds in théredion.

Bone Lake Model and Load Response

Empirical models are frequently used in the evabumabf lake response to phosphorus
loading; phosphorus is the limiting nutrient for shvinnesota lakes. Lake models, such
as the Canfield-Bachmann (1981) equation, are tesedaluate the phosphorus
sedimentation and predict average in-lake phosghasacentration as a result of
external and internal loads, and water outflowsat& second empirical relationship is
then used to predict the in-lake algal concentnationeasured by the concentration of
the photosynthetic pigment chlorophgllfrom the in-lake phosphorus. Finally a third
empirical relationship is used to predict waterityaor Secchi depth, from the
chlorophyll-a concentrations. These second and third empirgtations are usually
ecoregion, or even lake-specific. The phosphoreisierophylla — Secchi depth
correlations (summarized in Appendix |) were saddtom the MNLEAP model
(Heiskary, 1987).

Load response curves were computed for Bone Lalstdpswise reducing the total
phosphorus load and calculating the lake respoasables for each step using the
empirical models. The Bone Lake response modeldaatd response curves are
presented in Appendix K; the Bone Lake load respausve for phosphorus is shown
below.
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Bone Lake Benchmark Conditions
Lake Phosphorus Loading Response Model
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Bone Lake Goals and Load Reductions

In-Lake Phosphorus Goal
The Bone Lake growing season, surface total phasghgoal is 40 ug/L, the MPCA
standard for “deep” lakes; it represents a shortgoal for the lake.

Bone Lake has a more stringent long-term goal aig@@, which is the standard
suggested by the District in the 2001 Watershedddament Plan.

Load Reduction Goals

The watershed loading and lake response spreadsioeel (Appendix K) predicts that a
total phosphorus load of 669 pounds would allow&bake to meet its in-lake total
phosphorus short-term goal of 40 ug/L. Under beratk conditions, the total
phosphorus load to Bone Lake is currently 1,22%psu The difference in these
endpoints is the load reduction goal of 560 pounds, 46% reduction of the benchmark
load.

An additional 226 pound load reduction, lowering tbtal phosphorus load to
443 pounds and would allow Bone Lake to meet Hiake total phosphorus long-term

81



goal of 30 ug/L. The relationship between loadang the in-lake phosphorus goals is
illustrated in the lake response curve in Secti@nahd summarized in the table below:

Short- Long-

term term

Source Existing Goals Goals
Lake Total Phosphorug [ug/L] 60 40 30
Total Load [Ib] 1,229 669 443
Load Reduction Goals| [lb] (560) (786)
[%6] 46% 64%

Load Reduction due to Upstream Lakes

The watershed loading and lake response model s&bto determine load reductions to
Bone Lake caused hypstream lakes meeting their gaalgloody Lake is upstream of
Bone Lake, and improvements at Moody Lake wouldicedhe magnitude of load
reductions required for Bone Lake to meet goals.

If Moody Lake’s outlet discharged at its short-tegoal of 40 ug/L, Bone Lake’s load
reduction goal, to meet the short-term goal of gl.pis 423 pounds (a reduction of

137 pounds).

If Moody Lake’s outlet discharged at its long-tegaal of 40 ug/L, Bone Lake’s load
reduction goal, to meet the long-term goal of 30.u 649 pounds (a reduction of

137 pounds).

Bone Lake Benchmark Load Reduction Goals
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Best Management Practices and Load Reduction Projec

ts

Section 12 describes the process of BMP and pregettion for all of the studied lakes.
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BIRCH LAKE
Physical Setting

Birch Lake Watershed

Birch Lake is a flow-through lake situated rougtio miles downstream of Bone Lake.
Its intervening watershed encompasses 1,890 &&¥e®{ CLFLWD) and two lakes
(Nielsen Lake and Birch Lake). The land use in Bitake’s watershed is wetlands
(25%), forest (24%), cropland (23%), and grassldr3do). Nielsen Lake is landlocked;
its groundwater outflow apparently drains towardcBiLake. The land use in Nielsen
Lake’s watershed is cropland with scattered smatlamds. There is a small pocket of
rich fens noted in LCL22.

The two-mile flow path from Bone to Birch Lake staat the Bone Lake outlet, a culvert
under County Road 1. There are backwater effects & 0.5 acre open water area just
downstream from the culvert. From there, the ckarsnapparently ditched through
wetlands in LCL15 and LCL20 subwatersheds. Froenghthe channel is not
straightened in LCL27 and LCL11 to Birch Lake, HBatvs through a narrower wetland
corridor with some recent development occurringhensurrounding upland areas.

Birch Lake

Birch Lake is considered a shallow lake, with totel area of 100%. MPCA defines a
shallow lake as lakes with a maximum depth of B3 & less, or with a littoral area of
80% or more (shallow enough to support emergensabterged rooted aquatic plants).
Birch Lake does not stratify throughout the sumgremwing season. A bathymetric map
of Birch Lake is presented in Appendix H; its depttd volume are summarized below:

Depth| Area | Volumdg Area [ac]; Volume [ac-ft]/10
[ft] [acre] | [ac-ft] - 10 20 30 40
- 32 88l - 4 S
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2.8|Average Depth 8 +/ —&— Volume [ac-ft]
8.0|Maximun Depth 9 | |
100% |Littoral
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Birch Lake Water Quality History

Present Conditions, Trends

Summaries of historic water quality are presentetdlbular and graphic form for Birch
Lake in Appendix | (original data and sources aauded on the report CD). The data
are presented as growing season (June 1 to Sept80)meverages of surface total
phosphorus, chlorophyi; and Secchi depth for each year data was availdbé¢a were
available for Birch Lake from 2005 and 2006; thetyear average total phosphorus
average is 127 ug/L. The two-year average chlofibzhaverage is 42 ug/L (ppb). With
just two years of water quality monitoring, no terin water quality can be identified for
Birch Lake.

Past Studies

There are no past studies of Birch Lake water guather than the recent monitoring.
The 2001 Comfort Lake-Forest Lake Watershed DistMatershed Management Plan
did not identify Birch Lake as one of the six kegreational lakes to be protected.

Birch Lake Ecological Analysis

Ecological data (fish and macrophyte data) werecotécted for Birch Lake as part of
this study. Without ecological data it is not pb$sito describe the current state of
competing equilibria for this shallow lake (Turkadd Clearwater State).

Birch Lake Water Budget

Bone Lake’s discharge is the largest componentrehB.ake’s water budget tabulated
below? The benchmark year was used for the load reductifmulation and project
sizing. The wet and dry years were used for veiifins of the watershed and lake
models. Appendix C describes the development ofatke water budgets and presents a
bar plot of the benchmark conditions for Birch Lake

% Note that benchmark conditions refer to the 200N Year, the year studied that most closely
represents “normal conditions.” Wet and dry colndisi were represented by 2003 and 2006 Water Years
respectively, as reflected in the total Comfort éakatershed runoff. Due to the size of the entire
watershed annual differences at Comfort Lake mayaaeflected at each lake.
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Benchmark Wet Dry
Birch Lake Water Budget Outflow and Inflow Conditions | Conditions | Conditions
Volumes (2004) (2003) (2006)
Watershed Runoff 55p 1,042 825
Precipitation (direct) 57 60 54
Vlglfllﬁ:l\ves Flow from Upstream Lakes via Surface 1,591 2,137 394
[ac-ft] | Flow from Upstream Lakes via Groundwatef 195 224 204
Regional Groundwater Inflow 1p 12 12
Net Inflow (Change in Storage) - - -
TOTAL INFLOW [ac-ft] 2,411 3,476 1,489
Evaporation from Lake (79) (81) (81)
\?;Lf'r?]‘é"s Discharge through Outlet 2335) 36|  (1,446)
[ac-ft] | Discharge via Groundwater - -
Regional Groundwater Outflow - - -
TOTAL OUTFLOW [ac-ft] (2,411) (3,476) (1,527)
Birch Lake Residence Time [year] 0.0 0.0 0.1

Under benchmark conditions, the lake flushes 2&sier year. Under wet conditions
flushing increases to 40 times, and under dry d¢ant this lake still flushes 17 times.
Birch Lake’s short residence times reduce its ghiith process and remove phosphorus
biologically, so that sedimentation of phosphorieeiatively small. Much of its load

will be discharged from the lake through its outlet
Birch Lake Phosphorus Budget

External Loading

The detailed phosphorus budget for Birch Lakebsit@ed in Appendix K and
graphically summarized below. The total load tecBiLake is 919 pounds, with

upstream lakes as the largest source. Loading @i@reloped and agricultural land uses
combined were similar in magnitude to the upstrésma loading.
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Internal Loading
The Birch Lake internal load of 18 pounds was estéd using an assumed sediment
release rate and the average anoxic factor for 286852006 (see Appendix G).

Birch Lake Model and Load Response

Empirical models are frequently used in the evabumabf lake response to phosphorus
loading; phosphorus is the limiting nutrient for shMinnesota lakes. Lake models, such
as the Canfield-Bachmann (1981) equation, are tssedaluate the phosphorus
sedimentation and predict average in-lake phosghasacentration as a result of
external and internal loads, and water outflowgat& second empirical relationship is
then used to predict the in-lake algal concentnationeasured by the concentration of
the photosynthetic pigment chlorophgllfrom the in-lake phosphorus. Finally a third
empirical relationship is used to predict waterityaor Secchi depth, from the
chlorophyll-a concentrations. These second and third empirgtations are usually
ecoregion, or even lake-specific. Selection ofghesphorus — chlorophyél— Secchi
depth correlations for Birch Lake is summarizedppendix I.

Load response curves were computed for Birch Lak&tdp-wise reducing the total
phosphorus load and calculating the lake respoasables for each step using the
empirical models. The Birch Lake response modedsl@ad response curves are
presented in Appendix K; the load response curv@hosphorus is shown below:
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Birch Lake Goals and Load Reductions

In-Lake Phosphorus Goal

The Birch Lake growing season, surface total phogghgoal is 60 ug/L, the MPCA

standard for “shallow” lakes; this applies bottihe short-term and long-term.

Load Reduction Goals

The watershed loading and lake response spreadsioeetl (Appendix K) predicts that a
total phosphorus load of 471 pounds would alloveBitake to meet its in-lake total
phosphorus goal. Under benchmark conditions,dte phosphorus load to Birch Lake
is currently 922 pounds. The difference in thesdpeints is the load reduction goal of
451 pounds of external and internal loading, thia #9% reduction from existing

benchmark conditions.

Short- Long-

term term

Source Existing Goals Goals
Lake Total Phosphorug [ug/L] 110 60 60
Total Load [Ib] 922 471 471
Load Reduction Goals| [Ib] (451) (451)
[%0] 49% 49%
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Load Reduction due to Upstream Lakes

The watershed loading and lake response model s&bto determine load reductions to
Birch Lake caused bypstream lakes meeting their gaaBone Lake is upstream of
Birch Lake, and improvements at Bone Lake wouldicedthe magnitude of load
reductions required for Birch Lake to meet goals.

If Bone Lake’s outlet discharged at its short-teyoal of 40 ug/L, Birch Lake’s load
reduction goal, to meet the short-term goal of @ pis 365 pounds (a reduction of
86 pounds).

If Bone Lake were meeting the long-term goal oUglL, Birch Lake’s load reduction
goal, to meet the long-term goal of 60 ug/L, is p28inds (a reduction of 128 pounds).

Birch Lake Benchmark Load Reduction Goals
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Best Management Practices and Load Reduction Projec  ts
Section 12 describes the process of BMP and preg@ettion for all of the studied lakes.




SCHOOL LAKE
Physical Setting

School Lake Watershed

The intervening watershed between School Lake aruth Rake is just 780 acres (2% of
CLFLWD). The land use and land cover are cropl&8%4), grassland (19%), wetlands
(14%), and forest (12%). The watershed is mostlyaged northeast of School Lake.

The northeast portion of the watershed is croplaitid livestock grazing areas that drain
to a wetland; from there a channel flows througisgltands to School Lake. Discharge
from Birch Lake flows to School Lake by way of dided channel within wetland

complexes. Wetlands buffer School Lake from dev@lept encroaching from the south.

School Lake

School Lake is considered a deep lake; 66% of i ia littoral. Its maximum depth
ensures that it remains thermally stratified thitotlge growing season. A bathymetric
map of School Lake is presented in Appendix Hgépth and volume are summarized
below:

Depth| Area | Volumdg Area [ac]; Volume [ac-ft]/10
[ft] [acre] [ [ac-ft] - 20 40 60
- 49 5301 -
4] 36] 360 //_
5

6 31 300
10 24 190
14 17 1.00] | pebth

18 11 50 " /
22 7 16 / /
24 4 5
& 1 B 20
o5 === Area [acre]
11 [Average Depth == \/olume [ac-f{]
26 [Maximun Depth]| 30 |
66%L ittoral

School Lake Water Quality History

Present Conditions, Trends

Summaries of historic water quality are presentetébular and graphic form for School
Lake in Appendix | (original data and sources aauded on the report CD). The data
are presented as growing season (June 1 to Sept80)meverages of surface total
phosphorus, chlorophyd; and Secchi depth for 2005 and 2006. With a teary
average total phosphorus average of 73 ug/L igrsfscantly better than Birch Lake.
This is above typical values for North Central Haodd Forest Ecoregion (23-50 ug/L),
and is indicative of eutrophic conditions. The tyemar average chlorophydl-average is
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39 ug/L (ppb). With just two years of water qualitypnitoring, no trends in water quality

can be identified for School Lake.

Past Studies

There are no past studies of School Lake wateitgudher than the recent monitoring.
The 2001 Comfort Lake-Forest Lake Watershed DistMatershed Management Plan
did not identify School Lake as one of the six kegreational lakes to be protected.

School Lake Ecological Analysis

Ecological data (fish and macrophyte data) werecotéected for School Lake as part of

this study.

School Lake Water Budget

Birch Lake’s discharge is the dominant componergaiool Lake’s water budget
tabulated belovi.The benchmark year was used for the load reducttmulation and
project sizing. The wet and dry years were usedéaifications of the watershed and
lake models. Appendix C describes the developmkthiedake water budgets and
presents a bar plot of the benchmark condition§&@drool Lake.

Benchmark Wet Dry
School Lake Water Budget Outflow and Inflow Conditions | Conditions | Conditions
Volumes (2004) (2003) (2006)
Watershed Runoff 478 727 491
Precipitation (direct) 109 94 101
Vlglflljc;:/\ves Flow from Upstream Lakes via Surface 2,335 3,395 1,446
[ac-ft] | Flow from Upstream Lakes via Groundwatef 15 17 17
Regional Groundwater Inflow 1P 19 19
Net Inflow (Change in Storage) - - -
TOTAL INFLOW [ac-ft] 2,956 4,252 2,075
Evaporation from Lake (118) 72 (127)
\?;Lf'r?]‘é"s Discharge through Outlet 2.838)  1pE)|  (1,947)
[ac-ft] | Discharge via Groundwater - -
Regional Groundwater Outflow - - -
TOTAL OUTFLOW [ac-ft] (2,956) (4,252) (2,075)
School Lake Residence Time [year] 0.2 0.1 0.3

* Note that benchmark conditions refer to the 200N Year, the year studied that most closely
represents “normal conditions.” Wet and dry colndisi were represented by 2003 and 2006 Water Years
respectively, as reflected in the total Comfort éakatershed runoff. Due to the size of the entire
watershed annual differences at Comfort Lake mayaaeflected at each lake.
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Due to its large watershed area, its residenceisress than three months, even under
dry conditions. The high flow-through rate (flusgimore then four times per year)
tends to reduce its ability to retain phosphoriise lake response model balances the
effects of phosphorus loading, discharge from #éke Kthrough its outlet), and calculates
settling of phosphorus on an annual timestep ieta estimate the growing season,
surface total phosphorus.

School Lake Phosphorus Budget

External Loading

Most of the School Lake load is from Birch LakeheTintervening watershed load is
comprised of loads from cropland, developed ar@ad livestock. The School Lake
phosphorus budget is tabulated in Appendix K; amdrearized graphically below:

Phosphorus Load [Ib/yr]
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Internal Loading
The School Lake internal load of 45 pounds wasrdeted with an estimated sediment
anoxic release rate and the average anoxic famt@005 and 2006 (see Appendix G).

School Lake Model and Load Response

Empirical models are frequently used in the evatuadf lake response to phosphorus
loading; phosphorus is the limiting nutrient for shdvlinnesota lakes. Lake models, such
as the Canfield-Bachmann (1981) equation, are tesedaluate the phosphorus
sedimentation and predict average in-lake phospghasacentration as a result of
external and internal loads, and water outflowgat& second empirical relationship is
then used to predict the in-lake algal concentnationeasured by the concentration of
the photosynthetic pigment chlorophgll- from the in-lake phosphorus. Finally a third
empirical relationship is used to predict waterityaor Secchi depth, from the
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chlorophyll-a concentrations. These second and third empirétations are usually
ecoregion, or even lake-specific. Selection ofghesphorus — chlorophyél— Secchi
depth correlations is summarized in Appendix .

Load response curves were computed for School bglstep-wise reducing the total
phosphorus load and calculating the lake respoasables for each step using the
empirical models. The School Lake response maeldoad response curves are
presented in Appendix K; the School Lake load respacurve for phosphorus is shown
below:
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School Lake Goals and Load Reductions

In-Lake Phosphorus Goal
The School Lake growing season, surface total gharsis goal is 40 ug/L, the MPCA
standard for “deep” lakes; this applies to bothghert-term and long-term goals.

Load Reduction Goals

The watershed loading and lake response spreadsioeel (see response curve in
Section 6.6) predicts that a total phosphorus tdatb2 pounds would allow School
Lake to meet its in-lake total phosphorus goal.déirbenchmark conditions, the total
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phosphorus load to School Lake is currently 928ysu The difference in these
endpoints is the load reduction goal of 476 powfdscternal and internal loading, this is
a 51% reduction from existing benchmark conditions.

Short- Long-

term term

Source Existing Goals Goals
Lake Total Phosphorug [ug/L] 73 40 40
Total Load [Ib] 928 452 452
Load Reduction Goals| [lb] (476) (476)
[%0] 51% 51%

Load Reduction due to Upstream Lakes

The watershed loading and lake response model s&bto determine load reductions to
School Lake caused mpstream lakes meeting their gaaBirch Lake is upstream of
School Lake, and improvements at Birch Lake woatilice the magnitude of load
reductions required for School Lake to meet goals.

If Birch Lake’s outlet discharged at its short-tegal of 60 ug/L, School Lake’s load
reduction goal, to meet the short-term goal of g pis 210 pounds (a reduction of
267 pounds).

If Birch Lake’s outlet discharged at its long-tegmal of 60 ug/L, School Lake’s load
reduction goal, to meet the long-term goal of 40.u 210 pounds (a reduction of
267 pounds).

School Lake Benchmark Load Reduction Goals
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Best Management Practices and Load Reduction Projec  ts
Section 12 describes the process of BMP and pregettion for all of the studied lakes.
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LITTLE COMFORT LAKE
Physical Setting

Little Comfort Lake Watershed

The Little Comfort Lake watershed comprises 4,4d@s (14% of CLFLWD) starting at
the Bone Lake Outlet. This area includes threeathlakes and their watersheds:
Nielson Lake, School Lake and Birch Lake (descrilmeprevious sections).

The portion of Little Comfort Lake watershed doweaim of School Lake encompasses
1,740 acres (6% of CLFLWD). The tributary land iseetlands (25%), cropland
(21%), grassland (21%) and forest (17%). Therevaoemain inlets to Little Comfort
Lake; one that receives flows from School Lake, andther one entering Little Comfort
Lake along the southern shore (LCL48).

The watershed drains by way of naturally meandesirannels (through LCLO4, LCLO7
and LCLO3) from School Lake (over a beaver dammofta sand and gravel operation)
through forest buffered wetlands and through a loapculverts under road crossings
into Little Comfort Lake. The watershed, uplandaadtlands and woods, is mostly
grassland and cropland with very few residences.

Drainage that collects along the southern shord 48 of Little Comfort Lake is from
two drainages. The south drainage originateswettand complex at the watershed
divide with Forest Lake (LCL47) and drains north_itile Comfort Lake. East of this
drainage route is developing residential, whil¢he west of this drainage route remains
cropland. The southwest drainage also originat@swetland at the watershed divide
with Forest Lake (LCL44) and watershed divide v@ilimrise River. It drains toward
Little Comfort Lake through cropland, by way of tvatershed’s remaining wetlands.

Little Comfort Lake

Little Comfort Lake (MN DNR Lake # 13-0054-00) isrtsidered a deep lake with 49%
of the area being littoral. Its maximum depth easuhat it remains thermally stratified
through the growing season. A bathymetric mapittleLComfort Lake is presented in
Appendix H; its depth and volume are summarizedwel
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Little Comfort Lake Water Quality History

Present Conditions, Trends

Summaries of historic water quality are presenteiélbular and graphic form for Little
Comfort Lake in Appendix | (original data and sasg@re included on the report CD).
The data are presented as growing season (Jungeptember 30) averages of surface
total phosphorus, chlorophydl-and Secchi depth for each year data was availddga
were available for Little Comfort Lake in 1994 a2@06; the two-year average (not
continuous) total phosphorus average is 105 udiis i above typical values for North
Central Hardwood Forest Ecoregion (23-50 ug/L), mnddicative of hypereutrophic
conditions. Considering just 2006, the surfacel fgh@sphorus average of 76 ug/L is
indicative of eutrophic conditions. The two-yeaeege chlorophylk average is 29
ug/L (ppb). With just two years of water quality niring, no trends in water quality
can be identified for Little Comfort Lake.

Past Studies
Key findings and recommendation of past studidsittie Comfort Lake are summarized
below:

MPCA (et al., 1995) completed a Lake AssessmemgrBro study of Comfort and
Little Comfort Lakes based on monitoring completed994. (Appendix L includes

a gquantitative review of the 1995 study). The gtsugiggested a total phosphorus goal
of 40 ug/L for Little Comfort Lake and noted thhetlakes would be sensitive to
change in trophic status with relatively minor ie&ses in the nutrient loading rates
from watershed and in-lake sources. Recommendzaitnmiuded: Evaluation of on-
site septic systems around the lake; developmentldfoccur in a manner to
minimize water quality impacts; a study to identiiytrient sources to determine sites
for BMPs and projects. The study also concludeadl tte water quality of the lakes

in 1994 was good compared to other lakes in theregion. The report also
suggested restoration of wetlands might reduceemitioads.
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Blue Water Science (et al., 2002) completed a Clgater Partnership - Phase 1
Resource Investigation of Comfort and Little Conbiomkes. (Appendix L includes a
guantitative review of the 2002 study). The stuwag probably the most extensive
investigation of Comfort and Little Comfort lakesdate. The study recommended
several items which would apply to Little Comfort:

- Promote small-scale infiltration projects in albstatersheds;

- Promote shoreline restoration and maintenancearehe septic systems;

- Remove rough fish and install carp barriers;

- Plan for milfoil invasion;

- Increase native aquatic plants;

- Maintenance around culverts; and

- Whole-lake alum treatment (considered a reservego

In 1998, monitoring of the main inflow to Little @dort Lake showed concentrations
ranging from 25 to over 600 ug/L. Concentrationevee 100 ug/L occurred mostly

in May through August. However, the loading cadtedl for Little Comfort is
equivalent to about 90 ug/L. The reported flowgted mean for April to
September 1998 was 123 ug/L. This suggests tgatduimmer flows could increase
loading and average inflow concentrations to Li@Gemfort Lake.

The 1994 and 1998 bottom phosphorus data suggieséedal loading of phosphorus
with bottom values roughly seven times surfacee®luThe internal load estimate
was 260 pounds for Little Comfort. The study alscommended a spring plant
survey to quantify the presence of curly leaf poedek

The 2001 Comfort Lake-Forest Lake Watershed DistMatershed Management
Plan identified a study process that included tiesgnt study to determine the
projects and programs to protect lake water qugbdyticularly six key recreational
lakes Comfort, Little Comfort, Bone, Forest, Sheelthd Sylvan Lakes.

Little Comfort Lake Ecological Analysis

Analysis of recent ecological data for the studgekare included in Appendix J. Key
findings relative to Little Comfort Lake are pressshbelow:

Panfish and top predators comprise the majorityiainass.

Rough fish population has remained stable acras®gs.

Overall plant community diversity is low.

Lake is dominated by dense stands of curly leatip@ed and coontail.
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Little Comfort Lake Water Budget

School Lake’s discharge is the largest componehttté Comfort’s water budget
tabulated below. Appendix C describes the developmokithe lake water budgets and
presents a bar plot of the benchmark conditionshiisrlake®

Benchmark Wet Dry
Little Comfort Lake Water Budget Outflow and Conditions | Conditions | Conditions
Inflow Volumes (2004) (2003) (2006)
Watershed Runoff 96[7 1,391 1,098
Precipitation (direct) 78 71 72
Vl(r)llfLIJ?r\:ves Flow from Upstream Lakes via Surface 2,838 4,125 1,947
[ac-ft] | Flow from Upstream Lakes via Groundwatef 2 3 34
Regional Groundwater Inflow 14 14 14
Net Inflow (Change in Storage) 4 (26) -
TOTAL INFLOW [ac-ft] 3,902 5,578 3,165
Evaporation from Lake (84) (91) (91)
\%Jlglr(r)w\évs Discharge through Outlet (3,810) 589) (3,074)
[ac-ft] | Discharge via Groundwater - -
Regional Groundwater Outflow - - -
TOTAL OUTFLOW [ac-ft] (3,895) (5,630) (3,165)
Little Comfort Lake Residence Time [year] 0.2 0.1 0.2

School Lake Discharge dominates. Under benchmar#litons, the lake flushes 6.0
times. Under wet conditions flushing increases.6tines, and under dry conditions it
flushes 4.9 times. The lake response model balgheesffects of phosphorus loading,
discharge from the lake (through its outlet), aaltulates settling of phosphorus on an
annual timestep in order to estimate the growiragse, surface total phosphorus.

Little Comfort Lake Phosphorus Budget

External

Loading

Loads from upstream lakes are the largest portidheoLittle Comfort Lake phosphorus
budget. Detailed phosphorus budgets tabulated peAgix K; and graphically
summarized below:

® Note that benchmark conditions refer to the 20CtalYear, the year studied that most closely
represents “normal conditions.” Wet and dry colndisi were represented by 2003 and 2006 Water Years
respectively, as reflected in the total Comfort éakatershed runoff. Due to the size of the entire
watershed annual differences at Comfort Lake mayaaeflected at each lake. The benchmark year was
used for the load reduction calculation and progégihg. The wet and dry years were used for \aaifons

of the watershed and lake models.
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Internal Loading

The Little Comfort Lake internal load of 59 pounslas determined from the microcosm
release rate experiments and the anoxic factd2@06 (see Appendix G). The internal
load was adjusted to 56 pounds in the calibration.

Little Comfort Lake Model and Load Response

Empirical models are frequently used in the evatuadf lake response to phosphorus
loading; phosphorus is the limiting nutrient for shdvlinnesota lakes. Lake models, such
as the Canfield-Bachmann (1981) equation, are tesedaluate the phosphorus
sedimentation and predict average in-lake phospghasacentration as a result of
external and internal loads, and water outflowgat& second empirical relationship is
then used to predict the in-lake algal concentnationeasured by the concentration of
the photosynthetic pigment chlorophgll- from the in-lake phosphorus. Finally a third
empirical relationship is used to predict waterityaor Secchi depth, from the
chlorophyll-a concentrations. These second and third empirgtations are usually
ecoregion, or even lake-specific. Selection ofghesphorus — chlorophyél— Secchi
depth correlations is summarized in Appendix .

Once the empirical models are selected and cadithr@t necessary), generation of lake-
specific load response curves were computed folel@omfort Lake by step-wise
reducing the total phosphorus load and calculdtiedake response variables for each
step using the empirical models.

The Little Comfort Lake response models and loagoase curves are presented in

Appendix K; the Little Comfort Lake load responsgwe for phosphorus is shown
below:
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Little Comfort Lake Benchmark Conditions
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Little Comfort Lake Goals and Load Reductions

In-Lake Phosphorus Goal
The Little Comfort Lake growing season, surfacaltphosphorus goal is 40 ug/L, the
MPCA standard for “deep” lakes; it represents atstesm goal for the lake.

Little Comfort Lake has a more stringent long-tegoal of 30 ug/L, which is the standard
suggested by the District in the 2001 Watersheddgament Plan for recreational lakes.

Load Reduction Goals

The watershed loading and lake response spreadsioeel (Appendix K) predicts that a
total phosphorus load of 577 pounds would allowlé.i€omfort Lake to meet its in-lake
total phosphorus short-term goal of 40 ug/L. Urnalmchmark conditions, the total
phosphorus load to Little Comfort Lake is currerit]255 pounds. The difference in
these endpoints is the load reduction goal of GXéds of external and internal loading,
this is a 54% reduction from existing benchmarkditbons.

An additional 161-pound load reduction lowers thialtphosphorus load to 416-pounds

and would allow Little Comfort Lake to meet itslake total phosphorus long-term goal
of 30 ug/L.
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Short- Long-

term term

Source Existing Goals Goals
Lake Total Phosphorug [ug/L] 78 40 30
Total Load [Ib] 1,255 577 416
Load Reduction Goals| [lb] (678) (839)
[%6] 54% 67%

Load Reduction due to Upstream Lakes

The watershed loading and lake response model s&bto determine load reductions
caused byipstream lakes meeting their gaalSchool Lake is upstream of Little Comfort
Lake, and improvements at School Lake would redineenagnitude of load reductions
required for Little Comfort Lake to meet goals.

If School Lake’s outlet discharged at its shortvtegoal of 40 ug/L, Little Comfort
Lake’s load reduction goal, to meet the short-tgoal of 40 ug/L, is 463 pounds (a
reduction of 215 pounds).

If School Lake’s outlet discharged at its long-tegoal of 40 ug/L, Little Comfort Lake’s
load reduction goal, to meet the long-term go8®ig/L, is 624 pounds (a reduction of
215 pounds).

Little Comfort Lake Benchmark Load Reduction Goals
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Best Management Practices and Load Reduction Projec  ts
Section 12 describes the process of BMP and preg@ettion for all of the studied lakes.
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