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INTRODUCTION

The objective of this study was to determine the amount of phosphorus entering
the main stems of the Pine River from feeder streams over one growing year
with the intent of identifying feeder streams or land areas that contribute
significant amounts of phosphorus to the Pine River. There are five main
feeder streams to the South Fork of the Pine River that will be monitored for
phosphorus levels. Elimination or reduction of these phosphorus sources is
beyond the scope of this study.

This study was funded by a grant from the Crow Wing County Water Plan to
the Pine River Protection Foundation (PRWPF). Volunteers from the PRWPF
and Whitefish Area Property Owners Association (WAPOA) conducted the
study.

The PRWPF undertook this study as a follow-on to a one year Phosphorus
Loading Study on the Whitefish Chain Of Lakes in 2000 and 2001 by the
WAPQA. The WAPOA study was undertaken because the Association’s water
quality data over the last 15 years indicated a gradual reduction in water
transparency of two to four feet. The WAPOA study showed that 40 per cent of
the phosphorus, from all sources, entering the Whitefish Chain (tributaries,
precipitation, septics and run off) came from the Pine River via Delta Bay. This
40 percent import amounted to 15,664 pounds of phosphorus annually. Based
on four flow volume measurements the WAPOA study estimated annual flow
from the Pine at 270,000,000 m”3/year. Although the WAPOA study was
limited in scope, and therefore subject to some uncertainty, it clearly indicated
that the major source of phosphorus was the Pine River and hence the reason
for this study.

A plan was developed to do a yearlong study to determine the phosphorus
loading from the feeder streams to the North and South Forks of the Pine River.
There are five feeder streams to the South Fork of the Pine, which were expected
to be the major contributors since they originated in, or passed through varying
degrees of agricultural lands. The North Fork was of lesser concern because its
watershed is largely undeveloped forest, water and wetland. Monthly
measurements of flow rate, flow area and total phosphorus concentrations were
planned at 12 primary sites, which would allow phosphorus export calculation.



Secondary sites were designated on feeder streams upstream of the primary sites
to localize phosphorus sources. The most upstream site is number one with the
site numbers increasing to 12, which is where the Pine flows into Whitefish Lake.
A map of these Pine River sampling sites is shown in Figure 1.

The watershed terrestrial area, which drains into the Pine, is 140,171 (76.7%) acres
and the open water/wetland area is 42,536 (23.3%) acres for a total drained area of
182,734 acres.

Table 1 below, shows land use for the primary basins that drain to the Pine River
from the 1996 National Wetlands Inventory. The Upper Pine River Watershed
drains to the North Fork of the Pine while the South Fork Pine River Watershed
drains to the South Fork. Several preliminary observations can be made
comparing the two primary watersheds.

e The Upper Pine River WS is 33 % larger

e The Upper Pine River WS has 35 % more forested land
o There is 13 times more open water in the Upper Pine River WS
e There is 35 % more grassland in the South Fork WS
e There is 1.6 times more cultivated land in the South Fork WS
Table 1
Upper | Upper | South Fork | So. | Arvig Ck. | Arvig Total
Land Pine PR Pine River | Fk. Sub SWS Area %
Use River WS | Watershed | PR | Watershed | % (acres)
Waters % WS
hed %
Bare 1.8 a. 0 0.4a. 0 Oa. 0 04a.| 0
Rock
Conif. 7,394.1 7.8 5,289.5 7.4 779.1 50| 13,4627 74
Forest
Cultivate | 1,060.8 1.1 2,786.2 |=.-+ 3.9 510.1 32 43571 24
d
Decid. 37,038. [ 38.8 25,0167 349 6,102.1| 389 68,1569 (373
Forest 1
|Farmstea | 445.7 0.5 448.7 0.6 133.8 0.9 1,028.2{ 0.6
ds
Grasslan | 9,443.2 9.9 13,669.6 1+1°719.1 44141 281} 27,5269 |15.1
d
Gravel | 1643] 0.2 9.7 0 0.6 0 174.6 | 0.1




Initially a land use study of the National Wetlands Inventory maps was
undertaken to identify potential sampling locations, accessibility and watershed
features. The potential locations were confirmed or adjusted by site surveys.
The specific locations selected are listed below and shown on a map as Figure

1.

Primary

Sites:

1. South Fork of the Pine at 48™ Avenue. (4 culverts)
2. Dabill/Brittan Creeks at 48™ Avenue. (1 culvert)

3. Bungo Creek at Cass County Highway 2. (2 span bridge)
4. South Fork of the Pine at Cass County Highway 2. (1 span bridge)

Upper | Upper | South Fork | So. | ArvigCk. | Arvig Total
Land Pine PR Pine River | Fk. Sub SWS Area %
Use River WS | Watershed | PR | Watershed | % (acres)
Waters % WS
hed %
| Pits
Mixed | 4,601.3 4.8 2,024.9 2.8 394.7 2.5 7,020.9| 3.8
Wood
Open 12,414, |- 13.0 1,612.7 2.3 3714 241 14,3984 79
Water 3
| Other 1,359.2 1.4 2919 0.2 634 04 1,714.5| 0.9
| Rural
Reg./Yo | 6,842.4 7.2 4,324 .6 6.0 604.1 39 11,7711 64
ung For
TShrubby | 2,008.9 2.1 1,581.5 2.2 41.9 03 3,632.3] 2.0
|Grass __|
Cities/To | 906.6 1.0 243.3 0.3 162.5 1.0 1,312.4| 0.7
wns
Bogs- 636.6 0.7 1,218.5 1.7 3.8 0 1,858.9| 1.0
Wetland :
Marsh/F | 11,069. 11.6 13,131.3 18.3 2,1345| 13.6| 26,335.1|14.4
en Wet. 3
TOTAL | 95,386. 100 71,640.5 100 | 15,706.1 100 | 182,734.2 | 100
6
METHOD OF ANALYSIS




South Fork of the Pine at 36tlrl Avenue. (3 culverts)

Wilson/Hobin Creeks at 36™ Avenue. (1 culvert)

Behler Creek at 28% Avenue (1 culvert)

South Fork of the Pine at 23™ Avenue. (1 span bridge)

. North Fork of the Pine at State Highway 371. ((3 span bridge)

10 Pine River at State 371. (3 span bridge)

11.Arvig Creek at RV Park off Cass County Highway 44. (1 span bridge)
12.Pine River at Crow Wing County Highway 15. (3 span bridge)

© 00N o

Secondary Sites:
S1. Dabill Creek at Cass County Highway 2. (1 culvert)
S2. Bungo Creek at 32" Street. (4 culverts)
S3. Wilson Creek at 32™ Street. (1 culvert)
S4. Behler Creek at 32nd Avenue. (1 culvert)
S5. North Fork of the Pine at 12™ Street. (2 span bridge)

Stream cross section profiles were measured at each site monthly. The bridge
water depth profiles were recorded in feet as averages over two or five foot
horizontal increments. The culvert cross sectional areas were calculated from
culvert diameter, top of culvert to water distance and top of culvert to bottom
distance. Sedimentation was inferred by the difference between culvert
diameter and culvert to bottom distance. A nonograph on calculations for
“Flow in Partially Filled Round Pipes” from Global Water Instrumentation Inc.
was then used to calculate cross sectional area. Depth measurements were
made to +- 0.1 feet. Staging devices were not available and the numbers of
measurements were not adequate to accurately estimate volume.

Average flow velocities were measured concurrently over the same horizontal
increments as the area measurements. The average velocities were measured at
one third of the water depth up from the bottom on the bridges and averaged
across the entire flow for the culverts. A Global Flow Probe model! FP201
Velocimeter on loan from Cass County Environmental Services was used for
the first four months and a Marsh McBurney model 201D on Loan from the
Crosslake Corps of Engineers was used for the remaining measurements. The
two mstruments agreed within 5 percent.

Total phosphorus water grab samples were taken in 500-ml. acid washed bottles
after rinsing the bottle and cap three times at a central location in the flow. The
water samples were identified, stored on ice and delivered for analysis to the
Minnesota Chippewa Research Laboratory in Cass Lake, MN the same day.



Total phosphorus analysis was conducted in accordance with USEPA 365.1
with a minimum detection level of 2.0 micro grams per liter (ug/l). Blind
samples were not collected to minimize cost, because five years of experience
with the Chippewa Laboratory had not shown any significant differences in
blind checks during the period.

Data input sheets were developed for the required field measurements to insure
consistency and so that no measurements would be overlooked. Two of these
data sheets are appended to this report as Appendices 1 and 2 for review
because the 150 data sheets produced were considered too voluminous to
warrant publishing. The data resulting from the data sheets is summarized on
Tables 2 and 2a which presents flow rate (CFS), total phosphorus concentration
(ug/l) and the calculated phosphorus mass (Ibs./month). Because the cadre of
volunteers varied from month to month, new or refresher training was

conducted each month as needed.

Monthly precipitation data is shown on Table 2-5 for reference. The
precipitation data is from the Minnesota State Climatology Office, DNR Waters
for the area just west of Pine River, Minnesota.

DISCUSSION OF RESULTS

The phosphorus exported from the feeder streams of the Pine River, the
accumulating loads to the river main stem and finally to Whitefish Lake, were
measured once monthly for a year beginning in June 2002 to satisfy the
objectives of this investigation. Difficult ice-on conditions during December
2002 January, February 2003 shortened our efforts somewhat but did not
compromise the objectives because of very low flow conditions due to scant
precipitation. October 2002 data was used in Table 5 for the three months to
present annual mass data.

All of the raw data measurements are presented in Table 2, as previously
mentioned, and the monitored locations are displayed in Figure 1. Data
summaries, by location, for monthly flow volume, total phosphorus
concentration and phosphorus export are discussed in the following sections.

Flow Volumes



Measured monthly flow volumes are presented in Table 3 and graphically
shown in Figures 2 and 3 in relation to precipitation. The total flow volume to
Whitefish Lake over nine months was 186,555,072 cubic meters and when
extrapolated to a year is 248,740,096 cubic meters which is in general
agreement with the 270, 000,000 reported in the Whitefish Phosphorus Loading
Study (2001) mentioned earlier. Annual precipitation for the 2001 Loading
Study was reported as 35.51 inches versus precipitation shown in Table 3 for
this export study is 25.91 inches or 27 per cent less. Mean precipitation
according to the Minnesota Climatologist’s Office for the Pine River Watershed
area is 26 to28 inches annually. Figure 3 shows very good correlation between
monthly precipitation and flow volume as might be expected. It is notable that
nearly half of the annual flow at Highway 15 (Location 12), into Whitefish
occurred during July following the 8.08 inch rainfall (31% of the annual
precipitation).

Four Creeks (Dabill/Brittan #2, Wilson/Hobin #6, Behler #7 and Arvig #11)
had no flow for most of the year, presumably due to lack of precipitation and
therefore contribute very little flow or phosphorus export.

Total Phosphorus Concentration

Monthly total phosphorus concentrations are presented in Table 4 for all
sampling sites and graphically in Figures 4 and 5. Average concentrations for
all 12 sampling locations are not of great value but they do demonstrate a
dependency on the amount of precipitation. July after the 8 inches of rain
shows the highest monthly average at 117 ug/l with the spring months of March
and April not far behind at 109 and 101 respectively. The spring phosphorus
levels are somewhat surprising because of the insignificant snow precipitation
in the range of 0.1 to 0.4 inches of moisture which produced very little spring
runoff. In considering individual feeder stream concentration levels the
upstream feeder creeks of Bungo (#3), Dabill/Brittan (#2) and Cedar (#1)
displayed the highest concentrations. Cedar (#1) averaging 69 ug/l is of
particular interest because it flows through public lands that are normally not
nutrient rich. Bungo levels were consistently high, averaging 93 ug/1 for nine
measurements as it drains from agricultural lands.

The monthly phosphorus level of the Pine River as it enters Whitefish is shown
in Figure 4. The high levels in March and April is not explainable but would
seem to infer that was surface run off due to spring melt and not due to high
flow from the feeder streams. The variation of average phosphorus levels with
time is graphically shown in Figure 5 and generally follows the flow rates of
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Figure 2. Again, the precipitation flush in July is quite dominant but the low
spring runoff in 2003 carries significant levels of nutrient not related to major
rain events. Also notable is the fact that phosphorus levels in the North Fork of
the Pine remain relatively low even though that portion of the watershed is 33
per cent larger than the watershed that feeds the South Fork. It should be noted
that location S6 on the North Fork which is upstream, and above Norway Lake,
(see Table 2) had virtually the same concentrations as the down stream site
(location 9) indicating that there is no contribution from Norway Lake.

Of major concern is the fact that the average total phosphorus levels for all
South Fork feeder streams and the Pine River main stem exceed the established
stream criteria for total phosphorus in the Northern Lakes and Forests ecoregion
of 30 to 50 ug/l. This criterion was reported in the 2003 Volunteer Surface
Water Monttoring Guide by the Minnesota Pollution Control Agency from data

derived from McCollor and Heiskary (1993). Fifty nine percent of all total
phosphorus measurements made (51 of 87) exceeded the criterion. Seventy five

per cent of all measurements on the five feeder streams that feed the south fork

exceeded the criterion (24 of 32) for phosphorus.

Phosphorus Export and Coefficients

The summary for phosphorus export for the Pine River and its tributaries is
presented in Table 5. It should be noted that October 2002 data was used to
estimate the data for December 2002, January and February 2003 because of no
data for ice on conditions. The export for October is on the order of one percent
of the total for the year, so using October data for the ice on months should not
introduce a significant error. The phosphorus export was calculated using the
flow-weighted average formula recommended by the U.S. Environmental
Protection Agency.

T=5.394 QCI

Where

T= the total amount of phosphorus in pounds

Q= the average flow for the period in cubic feet per second

C= the phosphorus Concentration of the flow in micro grams per liter

I= the number of days in the period

The total annual export from the Pine River to Whitefish Lake was calculated to
be 25,683 pounds as compared to that reported in the Whitefish Phosphorus
Loading Study as 15,664 pounds. The values are significantly different and
may be understandable recognizing that the Loading Study was based on just
four quarterly measurements while this study involved nine monthly
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measurements and three months of estimated data. Figure 6 shows the monthly
variation of phosphorus export to Whitefish with a July peak influenced by
heavy precipitation.

Figure 7 shows the annual export from six individual South Fork streams with
Bungo Creek and the South Fork at 48™ Street dominating the field. Figure 8
clearly demonstrates the cumulative effect of increasing phosphorus levels from
the feeder streams to the South Fork and Pine River. Figure 9 presents an
annual feeder stream phosphorus percentage distribution. Not surprisingly, two
streams provide 67 per cent of the export. A Stick Figure representation of
phosphorus export for the entire stream complex is provided in Figure 10 to
help visualize the dependencies of the system.

Table 6 below, presents the calculated phosphorus export coefficients based on
the terrestrial area of the respective watersheds. These export coefficients can
be compared to values reported in the Water Resources Center Primer on
Limnology and adapted from Reikhow and Simpson, 1980. The most likely
values reported for various land use cover are as follows:

Urban 0.713 to 2.68 pounds per acre per year
Rural/Agricultural  0.367 to 1.52

Forest 0.125 t0 0.268

Precipitation 0.178 to 0.446

In general the calculated export coefficients are in the range of expectations but
notable is the high value for Bungo Creek and South Fork at 48™ Avenue. The
Bungo value is particularly undesirable but understandable considering the
agricultural nature of its watershed. However, the South Fork at 48 Avenue
passes through public lands with very little active agriculture.

TABLE 6
Phosphorus Export Coefficients
Terrestrial { Annual Export
Locatton Watershed Description Area Phos. Coeff.
(acres) | Export | (Ibs./acre/yr.)
(Ibs.)

1. So Fork Upper So. Fork Pine River 15,631 7,715 0.49
@A48th Av. sub-watershed
2. Dabill/Brittan | Dabill Creek sub-watershed. 8,081 1,936 0.24
@ 48 Av.
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3. Bungo @ Bungo Creek sub-watershed. 9,800 10,379 1.06
Hwy. 2.
4. So. Fork @ | So. Fork Pine River 40,439 | 9,874 0.24
Hwy. 2 watershed minus Lower So.

Fork sub- watershed.
5. So Fork at 36 | So. Fork Pine River 40,439 | 11,497 0.28
Av. watershed

minus Lower So. Fork sub-

watershed.
6. Hoblin Creek sub watershed. 6,925 2,650 0.38
Wilson/Hoblin
@ 36 Ave.
7. Behler @ 28 | Behler Creek sub-watershed. 3,499 4 0.001
Av.
8. So Fork @ So. Fork Pine River 55,678 | 8,430 0.15
23 Av. watershed.
9. No. Fork @ | Upper Pine River watershed. 71,266 3,798 0.05
Hwy 371.
10.Pine River So. Fork Pine River 126,945 | 21,710 0.17
@ Hwy 371 watershed plus Upper Pine

River watershed.
11. Arvig Ck. Arvig Creek sub-watershed. 13,226 473 0.04
@ RV Park
12. Pine @ Location 10 plus Arvig 140,171 | 25,683 0.18
Hwy 15. Creek sub-watershed.

(Whitefish

Lake)

A review of the land uses in the five sub watersheds that comprise the South

Fork of the Pine River Watershed reveal very little contrast between the

watersheds as shown in Table 7. Note that Deciduous Forest (37%), Grassland
(20%), and Marshes (15%) comprise 70 percent of land usage which offers no
indication of abnormal nutrient export or a reason to look at Bungo Creek and,
or the Upper South Fork of the Pine River Sub Watershed.

CONCLUSIONS

The average phosphorus levels for all Pine River locations monitored exceeded

the established total phosphorus stream criteria for this Northern Lakes and




Forests ecoregion of 30 to 50 ug/l except the North Fork of the Pine which
averaged 26 ug/l (Table 4).

The average phosphorus concentration of the Pine River as it enters Whitefish
Lake is 52 ug/l which slightly exceeds the criteria for this ecoregion. The
average phosphorus concentration of the North Fork before it joins the South
Fork is 26 ug/l and the South Fork concentration is 66 ug/l just before it joins
the North Fork. The average flow volume of the South Fork before they join is
142 percent higher than the North Fork. The North Fork dilutes the higher
concentration of the South Fork to 52 ug/l after they join.

Four of the six main feeder streams on the South Fork contribute 22,680 pounds
of phosphorus annually, which is 88 percent of the phosphorus exported

(25 683 pounds) to Whitefish Lake (Table 5). The streams are South Fork at
48™ Avenue, Dabill/Brittan, Bungo and Wilson/Hobin. Seventy percent
(18,094 pounds) of the export to Whitefish Lake comes from the first two —
South Fork at 48" Avenue and Bungo Creek. The single largest contributor is
Bungo Creek exporting 10,379 pounds or 41 percent. Clearly, any remedial
action should start with Bungo Creek.

Today there is only one major farm and permitted feedlot, operated by Randy
Norman, in the Bungo Creek Sub Watershed. All available intelligence
indicates that the farm is operated within the constraints of the permit and
should not be a contributor to the flashy discharges from Bungo Creek.
Twenty-five and thirty years ago there were many more farms in the area, all
located along Bungo Creek for its water supply. One could speculate that the
residual and rotting remains of these farming operations provides or at least
contributes to the flashy phosphorus delivery from Bungo Creek. If the
phosphorus problem is in fact due to the residual rotting there may be other
undesirable materials not considered in this study.

Since we know that most of the phosphorus export from Bungo Creek occurs as
the result of heavy rains we considered the possibility of damning the creek at
Highway 2, before the confluence with the South Fork main stem, in order to
hold the nutrient level and allow it to settle and be absorbed by aquatic plants.
We also considered a large collection basin to retain and treat the nutrient run
off resulting from heavy rains. After due consideration the ideas were rejected
because the land profile of the lower Bungo Creek sub watershed is so flat that
the damning would flood the private cropland, and a collection basin would

13
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FIGURE 2. Pine River Flow Volume At Hwy. 15
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FIGURE 3. Monthly Pine River Flow at Hwy. 15, in cubic m. /mo.
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FIGURE 4. Monthly Total Phos. (ug/l) of the Pine River Export to
Whitefish and Precipitation (in.)
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FIGURE 5. Average Total Phosphorus Concentrations for all 12 Pine
River Sample Stations and Precipitation
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FIGURE 6. Monthly Phosphorus Export of Pine River to Whitefish
(Loc 12) and Precipitation
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FIGURE 7. Annual Phosphorus Export from
Feeder Streams (Ibs.)
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FIGURE 8. Impact of Feeder Streams On Main Stem Sample Points
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Annual Phosphorus from Feeder Streams (Ibs & %)
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Bridge APPENDIX 2
Location #3 Bungo at Hwy 2 Pine River Phosphorus Export
Date: 7/8/02 file: bridge data sheet 3-3
Interval Width |Ave. Depth Area Av. Vel Volume [Total Phos.| Mass
feet feet feet sq. feet | feet/sec. |cu.fi./sec u.gms/L | Ibs/mo.
West Span
Oto2 2 46 9.1 3.35 30.49
2t04 2 4.5 9.0 3.60 32.4
4106 2 4.5 9.0 2.35 21.15
6to8 2 4.5 9.0 3.90 35.1
9 to10 2 4.5 9.0 1.95 17.55
10to 12 2 4.5 8.0 0.65 5.85
Total West 142.54 188| 4388.2
East Span
Oto2 2 4.8 9.5 3.20 30.4
2t04 2 4.5 8.0 3.30 29.7
4106 2 4.5 9.0 3.25 29.25
6to8 2 4.9 9.8 3.15 30.87
81010 2 4.8 9.5 2.97 28.22
10t0 12 2 4.8 9.5 0.80 7.60
Total East 156.04 188| 4803.8
East and West Total 298.57 188 9192
l
2 ft. bridge to water

3



