Bass Creek Business Park

Introduction

The planning of a commercial development requires the implementation of best
management practices to minimize runoff volume and nutrient loading. The particular
management approach selected is often determined through modeling efforts. The
proposed site plan is often modeled to determine the changes in runoff volume and
nutrient loading. The model is re-run with different best management scenarios based on
standard design criteria for the particular change in land use. However, the performance
of best management practices implemented to correspond with a particular change in land
use may not adequately reflect modeling efforts. Consequently, the preliminary
modeling efforts may inaccurately predict the actual water volume and nutrient loading
budgets for the proposed site development. In addition, monitoring efforts are rarely
incorporated after completion of the development to determine whether best management
practices were effective in reducing runoff volume and nutrient loading. There appears to
be insufficient monitoring data to substantiate whether proposed best management
practices are effective in reducing runoff volume and nutrient loading.

The Three Rivers Park District monitored the performance of a three-celled
nutrient detention pond that was designed to reduce run-off volume and nutrient loading
from a commercial development (Bass Creek Business Park) in the City of Plymouth.
The water flows from the three-cell treatment pond to a wetland before discharging to
Pike Lake. There have been numerous water quality models (e.g. P8, DETPOND)
suggesting that multiple cell detention basins are more efficient at nutrient and sediment
removal than single cell ponds particularly when followed by wetland treatment. The
Bass Creek Business Park was monitored to test the validity of the model predictions.

Study Site

The Bass Creek Business Park is located west of Highway 169 on Bass Lake
Road along the northern border of the City of Plymouth. The watershed is approximately
76 acres that was primarily developed as commercial/industrial land use from 1996
through 1998 (Table 1; Figure 1). The three-celled nutrient detention pond receives
runoff from 42 acres of commercial/industrial land use. A monitoring station (TP1) was
located at the discharge point of the commercial/industrial area prior to draining to the
first cell of the three-cell treatment pond. The three-celled nutrient detention pond
discharges into a 5-acre wetland. A second monitoring station (TP2) was located at the
outlet of the three-cell treatment pond that drains to the wetland. The wetland was to
provide additional treatment prior to flowing to Pike Lake. Consequently, a third
monitoring station (TP3) was located down stream of the wetland outlet prior to draining
to Pike Lake.
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Figure 1. Bass Creek Business Park watershed.



Methods

Three Rivers Park District monitored each sampling site from 2004 through 2005.
At each of the sampling sites, an automated sampler/flow data logger was installed to
monitor continuous flow measurements from May through October. The data logger
recorded changes in level, velocity, and flow at 1-minute intervals. The flow data loggers
were programmed to initiate sample collection after a predetermined increase in water
level was obtained. After sampling was initiated, flow weighted composite water
samples were sequentially collected to encompass the entire storm distribution. The
anticipated storm events were based upon estimated precipitation volume. A tipping
bucket rain gauge was installed at the TP2 sampling site to measure the actual amount of
precipitation at 1-minute intervals. After each precipitation event, the water quality
samples were collected within 24-hours. During extended periods without precipitation,
grab samples were collected to determine nutrient concentrations during base flow
conditions. All samples were labeled immediately after collection, stored in a cooler with
ice, and delivered to the Three Rivers Park District for laboratory analysis. During each
site visit, flow meter data was downloaded by a field laptop computer.

Three Rivers Park District analyzed each water quality sample for nutrient
analysis. The water quality samples were analyzed for total phosphorus, soluble reactive
phosphorus, total nitrogen, and total suspended solids. The Standard Methods for the
Examination of Water and Wastewater (1995) was used to determine nutrient
concentrations of the water samples. Sample analysis was prioritized by analyte holding
time to ensure that analyses are completed within the recommended time interval.
Samples were stored at 4° C in a refrigerator until all analysis was completed. A quality
assurance and quality control protocol was followed to ensure the precision and accuracy
of laboratory data analysis.

The flow meter data and water quality data was used to determine the nutrient
loading for each monitoring site. The nutrient loading for each storm event was
calculated by multiplying the flow volume and nutrient concentration. The monitoring
data was used to calibrate a P8 model developed for the Bass Creek Business Park. The
P8 model was calibrated to mimic similar flow and nutrient loading conditions that were
observed during the sampling interval. The model was only calibrated with flow and
nutrient concentration data that was considered reliable. There were time periods when
flow or nutrient concentration information was missing for a particular storm event. The
calibrated model was used to estimate the flow or nutrient concentration when data was
missing. The nutrient loading was used to estimate the removal efficiency for the three-
celled treatment pond and the wetland. The removal efficiency for the treatment devices
were calculated using a mass balance equation. The nutrient loading and % removal
efficiencies were compared to values estimated by the calibrated P8 model. The details
pertaining to model calibration is further described in the following section.



Bass Creek Business Park
Model Calibration

The P8 model was developed to assess nutrient removal efficiency of a three-cell
NURP pond treatment device for the Bass Creek Business Park watershed. The same P8
model configuration was used to assess and compare performance of a single-cell NURP
pond. The parameters entered into the model included the pervious and impervious sub-
watershed characteristics (Table 1). The parameters corresponding to each treatment
device included the morphological characteristics for each pond within the three-cell
configuration as well as for the downstream wetland (Table 2). The rainfall data
collected hourly at the monitoring site was used for model application; and a daily
average temperature file was also developed from data collected at Crystal Airport in
2005 (Appendix ). The flow network diagram further describes how the P8 model was
set-up for the Bass Creek Business Park (Figure 2).

The model was initially calibrated using flow data collected at each monitoring
site. The TP1 monitoring site received direct run-off from the Bass Creek Business Park
watershed, and directly flowed into the first cell of three-cell NURP pond treatment
device. The TP2 monitoring site received water from the third cell of the three-cell
NURP treatment device, and outlet directly into the wetland treatment device. The TP3
monitoring site received water from the wetland treatment device, which ultimately
drains to Pike Lake. Model adjustments were made so that the predicted total flow
volume was similar to the observed total flow volume at each monitoring site. When
there was reliable flow information at a particular monitoring site, the model was further
calibrated so the time interval and peak flows for predicted and observed hydrographs
were similar.

The model was further calibrated to simulate the nutrient loading at the
monitoring sites. The water samples collected at each monitoring site was used for
determination of nutrient concentration. The nutrient loading for each particular rain
event was calculated by multiplying the nutrient concentration by the rain event flow
volume. The model was calibrated for nutrient loading by adjusting the scale factor for
each water quality parameter within the particle file (NURP50.PAR) until the model
predicted nutrient loading estimates similar to observed conditions. In addition, the
average nutrient concentration predicted by the model for each water quality parameter
was compared to the observed concentrations for each monitoring site.



Pond 1
Pond 2

Pond 3
EGC Pond
Wetland

Table 1: Bass Creek Business Park sub-watershed characteristics.

TP1 Commercial
Eagle Lake Golf Course Golf Course

TP2 Treatment

TP3 Wetland

42.1

13.2

14.1
6.9

30.9

73.4
0.0
60.3
0.0

11.2
13.2
5.6
6.9

26.6
100.0
39.7
100.0

None
Pond
3-Cell Pond
Wetland

0.2
1.6

Table 2: Bass Creek Business Park treatment device characteristics.

1% Pond of 3-Cell Stormwater Pond
2" Pond of 3-Cell Stormwater Pond
3" Pond of 3-Cell Stormwater Pond

Eagle Golf Course Pond
Wetland-Type 3-PEMF

886
886

886
890
890

0.34
0.32
0.51
0.01
3.1

892
892

892
896
892

0.76
0.68

0.97
0.27
3.8

3.2
2.9

4.3
0.9
6.9

894
892

892
900
892

0.9
0.68

0.97
0.54
3.8

4.9
2.9

4.3
2.2
6.9
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Figure 2: Bass Creek Business Park Flow Network.



After the model was calibrated to observed conditions, the model was used to
determine the nutrient loading removal efficiency of the three-cell NURP pond and
wetland treatment devices. The nutrient removal efficiency was calculated for each water
quality parameter for precipitation condition in 2005. The nutrient removal efficiencies
estimated by the model were compared to the observed nutrient removal efficiencies
determined through monitoring efforts. The model was re-run with a rainfall file that
represents average precipitation conditions for the Minneapolis, Minnesota area. The
nutrient loading and removal efficiency of the three-cell NURP pond and wetland
treatment device was estimated for these average precipitation conditions.

Modeling efforts were further used to determine whether a single cell NURP pond
would be more efficient at removing nutrients in comparison to the existing three-cell
NURP pond configuration. The three-cell NURP pond was converted to a single-cell
NURP pond with similar morphological characteristics (Table 3). The model was re-run
using the precipitation conditions in 2005 and average precipitation conditions to predict
the nutrient removal efficiency of the single-cell NURP pond. The nutrient removal
efficiencies predicted from the model simulation was compared between the single-cell
NURP pond and the three-cell NURP pond.

Table 3: Bass Creek Business Park Single-Cell Characteristics.

Single-Cell Pond 886 1.17 892 241 10.4 894 2.55 121
, Wetland-Type 3-PEMF 890 3.1 892 3.8 6.9 892 3.8 6.9




Bass Creek Business Park
Results and Discussion

The monitoring data collected at each of the sampling sites was critical for
calibrating the P8 model. The model was calibrated using 2005 data collected from
May through November because it provided the most complete data set of the study
period. During the monitoring interval, the tipping bucket rain gauge recorded 21.8
inches of precipitation in 2005. There were 27 individual precipitation events that
produced sufficient run-off volume for sample collection. A total of 67 water quality
samples were collected from the three monitoring sites. Although water quality samples
were not collected for each precipitation event, the samples were representative of the
rainfall distribution with respect to the amount and intensity of precipitation observed in
2005. The total number of samples collected was similar for each monitoring site. There
were 20 samples collected at the TP1 monitoring site; and there were 22 samples
collected at the TP2 monitoring site. The TP3 monitoring site had more samples
collected (25 samples) in comparison to the other sites monitored because of differences
in the hydrologic flow regime. The flow and nutrient concentration data collected from
these monitoring sites were used for calibration of the P8 model.

The model was initially calibrated to mimic the observed flow conditions during
the sampling interval. Unfortunately, only two of the monitoring stations (TP1 & TP3)
provided reliable flow information that could be used for model calibration. The TP2
monitoring site did not provide reliable flow measurements because the outlet weir
structure was constantly obstructed with debris that inhibited drainage of the three-celled
treatment pond into the wetland complex. The obstructions inhibiting flow at the TP2
sampling site did not appear to significantly affect upstream flow measurements due to
the available storage capacity of the three-cell treatment pond. In addition, the TP1
sampling site was located far enough upstream of the three-cell treatment pond inlet to
minimize any potential backwater effects. Consequently, the model was initially
calibrated with flow data collected from the TP 1 monitoring site.

After calibration of the model with the TP1 flow data, the model was re-calibrated
using the flow measurements from the TP3 monitoring site. The model was difficult to
calibrate using the TP3 data because obstructions from the TP2 monitoring site delayed
the drainage of run-off volume that flows downstream of the three-cell treatment pond
into the wetland. In addition, there was additional groundwater inflow that occurred
between the wetland and the TP 3 sampling site. These groundwater sources of inflow
for the TP3 monitoring site were unexpected. Consequently, the monitored flow volume
for TP3 included a significant amount of groundwater that needed to be accounted for in
the total flow volume calculations. The groundwater flow volume was calculated for
each event by identifying the portion of the hydrograph that contributed to groundwater
flow volume. The portion of the hydrograph that represented groundwater volume was
based on existing flow volumes prior to and after the storm event. In order to calibrate
the model for the TP3 monitoring site, the ground water measurements had to be
subtracted from the total flow volume during periods with reliable flow measurements.



Unfortunately, the TP3 flow measurements were not considered reliable after June due to
probe drift. Thus the model was calibrated for the TP3 sampling site using adjusted flow
volumes from May through June in 2005.

Despite complications with calibrating the model for the observed flow
conditions, the model appears to predict reasonable estimates of flow volume (Table 1).
The model predicted that there was approximately 54.5 acre-ft of total flow volume for
the TP1 monitoring site. The estimated flow volume was very similar to the measured
flow volume of 58.5 acre-ft. In addition, the estimated flow volume for the TP3
monitoring site was also similar to observed monitoring conditions from May through
June in 2005. The model predicted there was 12.5 acre-ft of total flow volume for the
TP3 monitoring site. After groundwater was subtracted from the total flow volume, there
was approximately 14.4 acre-ft of total flow volume measured for the TP3 monitoring
site. Although these estimates are calculated from May through June, it appears that the
model predicted a reasonable total flow volume for the entire sampling period. The
model predicted that there was approximately 39.6 acre-ft of total flow volume for the
TP3 monitoring site. Unfortunately, the TP2 monitoring site did not provide reliable
flow data to compare to modeled flow volumes. Although there was insufficient flow
data for model comparisons, the model appeared to provide a reasonable estimate of flow
volume (63 acre-ft) for the TP2 monitoring site.

Table 1: Bass Creek Industrial Park observed versus predicted flow volumes.

Site Observed Flow (Acre-ft) | Predicted Flow (Acre-ft)
May -June \EVE “May-Oct May—June May- May-Oct

TP1 54.5
TP2 63.0
TP3 39.6

* Flows estimated with model from July-Oct

After the model was calibrated for flow volume, the model was further adjusted to
mimic the observed nutrient loading conditions. Typically, the scale factors for each
water quality parameter were adjusted accordingly until the model predicted nutrient
loading and concentrations similar to observed conditions. The model provided
reasonable estimates of nutrient loading and/or nutrient concentrations that were similar
to measured conditions at the TP1 and TP2 monitoring sites (Tables 3-5). However, the
model appeared to underestimate the amount of nutrient loading at the TP3 site. The
disparity between observed and predicted nutrient loading estimates is due to differences
in nutrient concentration. The observed nutrient concentrations are substantially higher
than those estimated by the model (Figures 3-5). These discrepancies suggest that the
wetland does not appear to be a treatment device, but appears to provide a source of
nutrients downstream to Pike Lake. Consequently, it becomes difficult to calibrate the
model for nutrient loading at the TP3 monitoring site because the model treats the
wetland as a sedimentation device that removes nutrients.



Table 2: Total Phosphorus Nutrient Loading

TP Observed Predicted

Loading | Conc Loading
(Ibs) (Mg/L) (Ibs)

TP1 173 31 210 31.0
TP2 108 = 72 124
TP3 240 29.8 64 6.9

Table 3: Total Nitrogen Nutrient Loading

Conc Loading | Conc | Loading
(mg/L) (Ibs) (mg/L) (Ibs)

TP1 1.6 289 1.9 280
TP2 1.3 —- 0.8 140.5
TP3 1.2 147 0.8 81.5
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Figure 3: Total Phosphours Concentration

Table 4: Total Suspended Solids nutrient loading

Conc Loading | Conc Loading
(mg/L) (Ibs) (mg/L) (Ibs)

TP1 72 12876 87 12846
TP2 10 —- 5 774
TP3 8 993 2 162
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Figure 4: Total Nitrogen Concentration
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Figure 5: Total Suspended Solids Concentration




The estimates for total flow volume and nutrient loading were used to determine
the removal efficiencies of the three-cell NURP pond treatment device. The model
suggested that each cell of the three-cell NURP pond was effective at reducing nutrient
loading (Table 5). The model estimated that the first cell (Pond 1) provided
approximately 47% removal efficiency for total phosphorus, 40% removal efficiency for
total nitrogen, and 77% removal efficiency for total suspended solids. The nutrient
removal for the second cell (Pond 2) and third cell (Pond 3) was considerably less. The
model estimated for Pond 2 that there was approximately 26% removal efficiency for
total phosphorus, 20% removal efficiency for total nitrogen, and 59% removal efficiency
for total suspended solids. The model estimated for Pond 3 that there was approximately
20% removal efficiency for total phosphorus, 15% removal efficiency for total nitrogen,
and 66% removal efficiency for total suspended solids. Similar nutrient removal
efficiencies were predicted when the model was re-run for average precipitation
conditions (Table 6).

Table 5: Predicted nutrient loading and removal efficiencies for
recipitation conditions in 2005.

Predicted 2005 Conditions
: TP Load TN Load TSS Load
Site 0
| (Ibs) (Ibs) (Ibs) % Removal

Pond 1 34 | 18 || 302 | 180 || 13852 | 3228 || 47 | 40 | 77
Pond 2 18 | 15 | 180 | 165 3228 2220 || 26 | 20 | 58
Pond 3 15 | 12 || 165 | 141 2220 774 120 | 14 | 64

Table 6: Predicted nutrient loading and removal efficiencies for average
recipitation conditions.

Predicted Average Conditions

Site | _TPLoad | TNLoad | TSSLoad
(Ibs) (Ibs) (Ibs) % Removal

Pond 1 | 40 20 | 360 | 204 | 16870 | 3574 |50 | 43 | 79
Pond 2 | 20 17 204 | 184 3574 2354 (| 27 | 21 | 62
Pond 3 || 17 14 184 | 158 2354 731 |20 | 14 | 68

The estimated removal efficiencies for each cell of the three-cell NURP pond
appear to be reasonable. The model predicts removal efficiencies based upon the
distribution of particle settling velocities in relation to the hydraulic characteristics of the
treatment device. Typically, the highest removal efficiencies in a three-cell NURP pond
occur within the first-cell because the majority of the sediment particles become filtered
as settling velocities decreases. The second and third ponds provide additional treatment
at a reduced efficiency since the ponds are considerably less effective at removing fine
sediment particles. Despite the differences in removal efficiencies between ponds, the
three-cell NURP pond design appears to provide adequate treatment for the Bass Creek
Business Park.



It has been speculated that a three-cell NURP pond treatment system provides
better nutrient removal than a single-cell NURP pond that has similar morphological
characteristics. The model was applied to predict the differences in nutrient removal
efficiencies for each best management scenario. Model simulations suggest that the
single-cell NURP pond wasn’t quite as effective at reducing nutrient loading in
comparison to the three-cell NURP pond (Table 7). These differences did not appear to
be very significant when comparing the total phosphorus and total nitrogen loading for
each treatment device. However, these differences became more apparent when
comparing total suspended solid loading. The model simulation suggests that the single-
cell NURP pond was not quite as efficient at reducing total suspended solids in
comparison to the three-cell NURP pond. The model produced similar results after re-
running the simulation with average precipitation conditions (Table 8). Consequently,
the model suggests that the three-cell NURP pond appears to provide somewhat better
nutrient removal efficiency in comparison to the single-cell NURP pond.

Table 7: Comparison of nutrient removal efficiencies for single-cell versus three-cell NURP pond for
2005 precipitation conditions.

Predicted May-Oct

Site TP Load (ug/L) [ TN Load (mg/L) TSS Load (Ibs)

Three-Cell 34 12 302 141 13852 774 63 53 94
Single-Cell 36 14 323 156 14741 1509 59 51 89

Table 8: Comparison of nutrient removal efficiencies for single-cell versus three cell NURP pond for
average precipitation conditions.

\ Predicted Average Conditions

Site TP Load (ug/L) | TN Load (mg/L) TSS Load (Ibs) % Removal

Three-Cell 40 14 360 158 16870 731 66 56 96

I

Single-Cell 43 16 383 176 17894 1600 62 54 91




The P8 model indicates that the three-cell NURP pond treatment device
substantially reduced the nutrient loading to the wetland. However, it appears that the
wetland provides a primary source of nutrients to Pike Lake. The difficulty in calibrating
the model to the observed conditions for the TP3 monitoring site indicates that the
wetland does not conform to the anticipated standards that are necessary to classify the
basin as a treatment device. The monitoring data indicates that the observed total
phosphorus loading and concentrations draining out of the wetland are substantially
higher than the observed loading and concentrations entering the wetland (Table 9).
Unfortunately, the wetland potentially off-sets any nutrient removal benefits that the
three-cell NURP pond may provide. Based on the morphological characteristics of the
wetland, the model suggests that the wetland should provide an additional 40% removal
efficiency for total phosphorus, 38% removal efficiency for total nitrogen, and 77%
removal efficiency for total suspended solids (Table 10). Consequently, the model
indicates that the wetland appears to have the potential to significantly reduce the amount
of nutrient loading. This is contradictory to the observed monitoring data that was
collected for the wetland. The disparity between observed and modeled conditions
indicates that preliminary modeling effort may not be suitable to adequately determine
the impacts alternative best management practices may have on the proposed change in
land use. It might be necessary to monitor existing conditions prior to selecting best
management practices to adequately reduce nutrient loading and run-off volume.

Table 9: Wetland observed and modeled nutrient concentrations and loading in 2005.

Observed Conditions Predicted 2005 Conditions
. Concentration Loading Concentration Loading
Inlet Outlet Inlet  Outlet Inlet Outlet Inlet Outlet
TP l 108 240 30 72 64 13 7
TN 1.3 1.2 147 0.8 0.8 142 82
TSS 10 8 993 5 2 811 162

Table 10: Potential wetland nutrient loading and removal efficiency.

. Predicted 2005 Conditions Predicted Average Conditions
TP
TN
TSS

% Removal %% Removal
Inlet Outlet Inlet Outlet

13 7 40 14 5 54
142 82 38 159 63 52
811 162 77 747 113 85




