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Abstract 
In order to update flood hazard data for the Vel111i11ion River and its tributaries, it was necessary 
to make a decision regarding the use of the available hydrologic data for the entire watershed. 
Therefore, the two most recent hydrologic studies on the Vennillion River watershed, the US 
Anny Corps of Engineers (COE) Watershed Hydrologic Study and the Montgomery~Watson~ 
Harza (MWH) Volume Study, were reviewed and compared. The results ofthis review showed 
that the calibration perfonned by MWH improved the model in simulating streamflows within 
the watershed. The improvement, however, was small. ' ' 

In order to simulate the 1 OO~year flood in the Vel111i11ion River watershed, it is recommended to 
use the 4~day frequency stonn as input, which was used by COE in projecting the 100~year 
flood. 
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I. Introduction 
In 2004, Dakota County, Minnesota, started platming to update flood hazard data for the 
Vennillion River and its tributaries. To update the flood hazard data, it was necessary to .make a 
decision regarding the use of the available hydrologic data for the entire watershed, i.e. to select 
the magnitude of the 1 OO~ and 500~year floods from among several hydrologic studies conducted 
on the watershed. Since 1970s, several studies have been conducted on the Vermillion River 
watershed: (1) the flood fi'equency study for Hastings by the US Anny Corps of Engineers 
(CaE) in 1971, (2) the TR~20 model study by the Soil Conservation Service (SCS) study in 
1974, (3) the Watershed Management Orgatlization (WMO) study by Eugene A. Hickock and 
Associates in 1989, (4) the HEC~l model study by the US Army Corps of Engineers in 1998, and 
(5) the WMO volume study by Montgomery~Watson~Harza (MWH) in 1992. In 1980, for the 
Flood Insurance Study (FIS) of Dakota County the results of the 1974 SCS study was used 
(Department of Agriculture, 1974) to map the 100~ atld 500~year floodplains. 

Due to a significant growth in Dakota County, all studies were conducted to update the 
floodplain maps atld to determine a management platl for the near future of the watershed. In 
2004, Dakota County decided to utilize the best flood estimates among the most recent studies, 
i.e. the 1998 COE HEC~1 model and the MWH volume study, and compare them to the 
estimates originally made in 1980 FIS. 

Table 1 summarizes the 100~year peale flows at Empire atld Hastings projected by the above 
three studies. It is evident that there is a significatlt disparity among them. Even though the SCS 
study was done in 1974 and rural areas in the western part of the watershed have been urbanized, 
the 100-year peak flows at Empire and Hastings projected by the SCS study at'e significatltly 
lat'ger than those projected by CaE in 1998 atld MWH in 2002. In addition, the difference 
between the two watershed modeling efforts by COE atld MWH show about 30% difference, 

The objective of the current study is todetennine the causes of disparity among the three 
hydrologic studies atld to detennine the most reliable estimates of the 1 OO~yeat' flood, if there is 
any. 

The initial review of two documents (FIS 1980 atld SCS 1974) provided little infonnation 
regarding the watershed model structure atld the input data utilized in the 1974 SCS study. It is 
only known that the SCS used the TR-20 watershed model atld applied it to175 mile? of the 
watershed. Due to absence of atly streatn gauge in the watershed hi 1974, it is concluded that the 
model was not calibrated. Therefore, in this report only the CaE 1998 watershed study atld the 
2002 MWH volume study are sUlmnati.zed and the causes of disparity are presented. 
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Table 1. Summary of 100-year peak flows at Hastings and Empire projected by three 
studies. In 1974, there was no stream gage at Empire and there was no node in 
the SCS watershed model at Empire. Therefore, the peak flow at Empire is only 
a rough estimate from the nodes upstream and downstream of Empire. 

1980 FIS Vermillion River Vermillion River 
Stations 

(SCS 1974) 
Watershed Study Volume Study 

(COE 1998) (MWH2002) 

Hastings 8100 efs . 7435 efs 6193 efs 

Empire ~ 6000 efs 5427 efs 4468 efs 
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II. Vermillion River Watershed Study (1998) 
The Vennillion River Watershed Studywas done by the US Anny of Corps of Engineers (COE) 
to develop a calibrated hydrologic l1'wdel of the watershed and to assess the effects of existing 
and future land use on watershed mnoff. 

11.1. Summary of the Study 
The only stream gauge in the Vennillion River watershed with a long record (about 25 years) is 
the USGS gaging station numbet 05345000 near Empire (Figure 1) close to the centroid of the 
watershed. In 1998, there were one stream gauge near Hastings and five other gauges within the 
Vennillion River watershed with very short record lengths, which could not be used for flood 
fi'equency analysis. Therefore, the US Anny Corps of Engineers decided to use HEC~ 1 to 
simulate runoff in the main stem and the tributaries of the Vennillion River. 

The study was conducted in two phases. The first phase was to detennine the average area 
weighted curve numbers (CNs) for all subwatersheds using soil maps and land use data and then 
to detennine a regional equation for the Clark unit hydro graph parameters. To develop a 
regional model for the Clark unit hydro graph parameters, they selected 10 gauged watersheds 
fi'om within the Vennillion watershed and the tributaries of the MiImesota River. The drainage 
areas varied from 3 to 210 mile2, COE used HEC~l to simulate runoff during four stonn events 
in 1992 and 1997; two stonns per watershed. The rainfall data were obtained fi'om the network 
of rain gages with daily records. They used the st. Paul~Minlleapolis International Airport and 
the Northfield gages with hourly rainfall records to detel111ine the rainfall pattel11s during the . 
stonn events. They calibrated the HEC~ 1 models of the 10 watersheds by tweaking the time of 
concentration, Te, of each watershed and the average regional value ofRl(R+Te) of all 
watersheds, where R is the storage coefficient of Clark's unit hydro graph. Subsequently, they 
conducted a multi~linear regression analysis to detel111ine the time of concentration as a function 
of ph ysiographica 1 characteristics of watersheds, such as drainage area, percent imperviousness, 
etc. The goodness of fit ofthe regression analysis was 0.92. Using the regional equation, COE 
detennined the time of concentration and Clark's storage coefficients of all sub watersheds of the 
Vennillion River. 

In the second phase, COE calibrated the HEC~l model ofthe entire Vel111i1lion River watershed 
to adjust the amount of loss during St01111 events. For this phase, they used hypothetical 
fi'equency stonns as input. Since the time of concentration of the watershed was 47 hours, the 
duration of the fi'equency stonn was set equal to four days. The calibration was perfol111ed by 
unif01111ly tweaking CNs of all subwatersheds to match the projected runoff near Empireto the 
discharge fi'equency curve obtained fi'om the flood fi'equency analysis. For each discharge of the 
frequency curve, they obtained a set of CNs fot all subwatersheds (Figure 2). 

To evaluate the discharge fi'equency curve obtained for Hastings fi'om the HEC~l model, they 
compared the results with the values obtained for Hastings fi'om four empirical equations: (1) the 
discharge fi'equency curve obtained fi'om transfe11'ing flows fi'om Empire to Hastings using 
·drainage area ratios, (2) the discharge fi'equency curve obtained from transfening flows from 
Welch to Hastings using drainage area ratios, (3) and (4) discharge fi'equency curves obtained 
fi'om two variations ofthe regional USGS regression equations (USGS 1997). 
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To validate the HEC-I model of the Vermillion River, COE reconstructed the flood of 
September 1992, which resulted from 6.2 inches of rainfall which fell in 10 hours. The results 
showed that the HEC-I model of the Vermillion River underestimated the peak flow near Empire 
and significantly overestimated the peak flow at Hastings. Since there were some reports 
indicating the malfunctioning of the Hastings gauge right before the storm began, and the 
volume of observed runoff at Hastings was significantly smaller than the one near Empire, the 
HEC-I model validation was inconclusive. 

11.2. Strengths and Weaknesses 

The COE Vermillion Watershed model study was done with care and adequate attention to 
details. In the first phase ofthe study, they selected a rigorous technique for estimating Clark's 
parameter, which can also be used for future studies. 

The weakness of the study was the method used for the final calibration of the model. COE used 
a hypothetical storm as input to simulate a hypothetical runoff at the centroid of the watershed. 
The 1 OO-year flood at the outlet of a watershed is not necessarily the result of the IOO-year storm 
over that watershed. The calibrated CNs obtained in this procedure can be quite unrealistic 
because they have to be tweaked enough to take the deficiencies of the procedure into account. 
The weakness of the method is clearly shown in Figure 2. The CNs obtained for 2-year and 500-
year floods were larger than the CNs obtained for IO-year, 25-year, 50-year and IOO-year floods. 
This trend cannot be physically explained. This discrepancy is due to the fact that the 500-year 
storm and the 500-year floods are hypothetical storms and floods extrapolated from some 
mathematical functions, which are not necessarily related. Therefore, the eNs obtained in the 
final calibration were hypothetical and not necessarily valid for reconstructing the flood of 
September 1992. 

4 



VERMILLION RIVER WATERSHED 

I 

® !YIJoV~ATSGR"ARZA fl.. 0 . " 4 Miles 
~ 

.&. Flow Monitorlng Silas 

... HANSW:e1fs '* . Proposed F1oWsft§ 
NONR~~ 

"

lakes . 
Ii' . .. .. Jghmlys 

7\tlf'llhi'Ia:JS ' r:::l WmnilflOll Ri'l,irWaleisned \F'01Ilf¢a1) 
D Mtmlclpat tioudarles 

MAP 1 

Figure 1. Map of the Vermillion River watershed and the locations of stream gages within the watershed. 
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06/04/98 

TABLE 15 
VERMILLION RIVER EXISTING CONDITION CURVE NUMBERS 

EXIST EXIST EXIST EXIST EXIST EXIST EXIST 
COMPUTE 2YR 10YR 25YR 50YR 100YR 500YR 

CN·15 CN·19 CN·19 CN~19 CN·20 CN·16 
EL 80 65 61 61 61 60 64 
VR1 76 61 57 57 57 56 60 
VR2 74 59 55 55 55 54 58 
SC18 74 59 55 55 55 54 58 
SC1C 77 62 58 58 58 57 61 
SC1D 74 59 55 55 55 54 58 
UNNC 76 61 57 57 57 56 60 
SC28 76 61 57 57 57 56 60 
UNSC 78 63 59 59 59 58 62 
SC2A 72 57 53 53 53 52 56 
SC2 73 58 54 54 54 53 57 
VR3 74 59 55 55 55 54 58 
VR4 79 64 60 60 60 59 63 
MC1A 74 59 55 55 55 54 58 
MC18 74 59 55 55 55 54 58 
MC1C 74 59 55 55 55 54 58 
MC2A 74 59 55 55 55 54 58 
MC2 76 61 57 57 57 56 60 
NC1A 77 62 58 58 58 57 61 
NC18 69 54 50 50 50 49 53 
NC2 77 62 58 58 58 57 61 
PW 75 60 56 56 56 55 59 
VR5 75 60 56 56 56 55 59 
T1 71 56 52 52 52 51 55 
VR6 70 55 51 51 51, 50 54 
VR7 72 57 53 53 53 52 56 
T2 72 57 53 53 53 52 56 
VR8 72 57 53 53 :53 52 56 
S81 74 59 55 55 55 54 58 
S82 72 57, 53 53 53 52 56 
S83 71 56 52 52 52 51 55 
VR9 69 54 50 50 ' 50 49 53 
T3 67 52 48 48 48 47 51 
VR10 71 56 52 52 52 51 55 

Figure 2. The curve numbers obtained from the fmal calibration of the Vermillion River 
HEC-l model. 
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III. Vermillion River Volume Study (2002) 
The Vemli11ion River volume study was done by Montgomery~Watson~Harza (MWH) to 
detemline the histolical pattem of runoff volume, to assess the implications of increasing runoff 
volume at the time of study, to predict the adequacy of future water management tec1miques to 
control excessive 111110ffvolumes and to protect the liver's streambank integrity. 

IIt1. Summary of the Hydrologic Model Study 

The foundation of the MWH hydrologic model study was the COE HEC~l model. MWH 
imported the COE HEC~l model input file into HEC~HMS environment. No basin parameter or 
routing parameter was changed. The HEC~HMS model with the COE CNs was il'litially used to 
simulate two floods in 1998 and one flood in 2000. The selected stomlS had retumed periods 
between 2 to 5 years. The stonns were selected such that no stonn had occurred two days prior 
to the stonn, and therefore the CNs did not require any fUliher adjustment due to antecedent 
moisture condition. For this pati of the study, five stream gauges were selected within the 
watershed: the USGS stream gauge near Empire, the Met Council stream gauges near Hastings, 
gauge 801 downstream of the confluence of Middle Creek and North Creek, gauge 802 at the 
downstream end of the South Branch of the Vennilion River, and gauge 807 upstream of the 
Empire gauge on the main stem of the Vemli11ion River. 

The rainfall data used for calibration were daily data and obtained from two rain gauges at 
Rosemount Expelimental Station and Fa1111ington. 

The simulation results of the tlu'ee stonns showed that the hydrologic model required further 
adjustment (Figure 3). Subsequently, the CNs upstream of each stream gauge were unifonnly 
tweaked to match the simulated 1Unoffto the observed 1Unoff. The results ofthe calibration 
show some improvements over the COE watershed niodel (Figure 4). 

111.2. Strengths and Weaknesses 

The calibration method used by MWH was a sound tec1mique for calibrating the model. It did 
not require a long record of stream flow data within watershed. In addition, they selected five 
stream gauges to avoid unifonnly changing the CNs across the entire Vennillion River 
watershed. Overall, the new CNs obtained by MWH indicated an improvement over the COE 
calibrated CNs. In addition, only one set of CNs were introduced for all frequency events in the 
subwatersheds. 

However, to ensure a more realistic calibration, tliey should have utilized more rain gages within 
or around the watershed. MWI-I only used two rain gages which were located in the westem pali 
of the watershed. To improve the calibration they could use the rain gage located near Hastings. 

Met Council had installed 7 stream gauges within the Vennillion watershed and the locations of 
all gauges were mentioned in the repOli, but it is not clear why the other two gauges were not 
used in the calibration. MWH eliminated June 2000 St0l111S at gauges 801 and 802 fi'om the 
calibration procedure due to inconsistent results with the other two stonns. The source of 
inconsistency was in the base flowassUlned in the HEC~HMS model, i.e. the base flow could be 
adjusted to remove the inconsistency of the model simulation. 
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Figura 2~3b. Juna1998 Hydrograph 
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Figure 3. Observed runoff at the USGS gaging station near Empire and simulated runoff 
using the HEC-HMS model and the COE curve numbers. 
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Figure 4. Observed runoff atthe USGS gaging station near Empire and calibrated runoff 
using the HEC-HMS model. 
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IV. Sources of Discrepancies 
The CNs calibrated by COE and MWH for all subwatersheds of the Vermillion River are 
summarized in Table 2. Overall, the MWH CNs differ from the COE CNs by ~7 to 13 percent. 
However, the Vennillion River watershed area averaged CN calibrated by COE is 52.8 and 
calibrated by MWH is 53.8, i.e. a 2% increase over the COE area averaged CN. This 
comparison shows that the difference between the two studies should not be significant. 

The disparity between the two studies in simulating the 1 OO~year flood events (Table 1) is caused 
by different rainfall as input. The HEC~l COE model uses the 100~year stonn with 4~day 
duration. The magnitude of the 1 OO~year stoml was interpolated from isopluvial maps from the 
US Weather Bureau Tec1mical Paper no. 40. The :fi-equency stoml was ananged with the peak at 
the center and decreasing intensities building out stonns. The magnitude of the stoml was 8.3 
inches, which was modified to 7.85 inches to conveli point rainfall to aerial rainfall over the 
entire Vemli11ion River watershed area. MWH used the 1 OO~year 24~hour SCS Type II rainfall. 
The magnitude of the stoml was 6 inches and was not conected for the Vennillion River 
watershed area . 

. For comparison, both models were run in HEC~ HMS enviromnent under two 1 OO~ year stonn 
events: (1) the 100~year stoml event with 4~day duration, a magnitude of 8.3 inches and the 
distribution pattem of the frequency stonn, and (2) the 1 OO~year storm event with 24~hour 
duration, a magnitude of 6~inches and the distribution pattem of the SCS Type II. The 
magnitude ofthe 4~day stonn was aerially adjusted. The results are sununarized in Table 3. Not 
surprisingly, the MWH model projects larger peak flows near Empire and Hastings. The 
difference between the two model projections is about 8 percent. 
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Table 2. Calibrated curve numbers used by COE and MWH to project the lOO-year flood 
in the Vermillion River watershed. 

Subwaterwheds Area CN (CaE) CN(MWH) Change 
EL 13 60 56 -7% 

VR1 6.7 56 52 -7% 
VR2 18.8 54 50 -7% 

SC1B 2.5 54 50 -7% 
SC1D 7.5 54 50 -7% 
SC1C 3 57 53 -7% 
UNNC 0.9 56 52 -7% 
SC2B 0.7 56 52 -7% 
UNSC 3.9 58 54 -7% 
SC2A 0.4 52 49 -6% 
SC2 1.5 53 50 -6% 
VR3 0.4 54 50 -7% 
VR4 1.2 59 66 12% 

MC1A 2.5 54 60 11% 
MC1B 1.2 54 60 11% 
MC1C 0.8 54 60 11% 
MC2A 2.2 54 60 11% 
MC2 5.4 56 63 13% 
NC1A 5.9 57 64 12% 
NC1B 3.5 49 55 12% 
NC2 4.1 57 64 12% 
PW 1.7 55 62 13% 
VR5 14.6 55 62 13% 
T1 5.7 51 57 12% 

VR6 0.3 50 56 12% 
VR7 4.5 52 55 6% 
T2 7.8 52 55 6% 

VRS 0.7 52 55 6% 
SB1 14 54 51 -6% 
SB2 9.8 52 49 . -6% 
SB3 8.3 51 48 -6% 
VR9 30.8 49 52 6% 
T3 23.7 47 50 6% 

VR10 2.8 51 54 6% 
210.S 52.S 53.S 2% 
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Table 3. 100~year floods projected by the COE HEC~1 model and the MWH HEC~HMS 
model under two hypothetical storm events. 

1 % Probability of Occurrence 

COE (original) COE MWH 
MWH 

(original) 

Storm Frequency SCS II Storm 
SCS II Stations Frequency 4~day 

4~day duration 24~hour 24~hour 

(7.85 inches) (6 inches) 
duration (7.85 

(6 inches) 
inches) 

Hastings 7900 5700 8470 6193 

Empire 5470 4170 5850 4468 
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V. Recommendations 
The calibration performed by MWH on the original COE HEC-l watershed model improved the 
model and the resulting curve numbers better represent the subwatersheds land use and soil types 
when simulating observed runoffs at stream gauges within the watershed. The CN estimates can 
be improved by adding more rain gauges and incorporating more stream gauges for model 
calibration. However, the improvement of the watershed model will not significantly change the 
existing simulated runoff near Empire and Hastings. 

F or updating the flood maps of the Vermillion River watershed, it is recommended to use the 
HEC-BMS model calibrated by MWH and 4-day frequency storms to project the 100- and 500-
year floods. For the Vermillion River watershed with a 210 miles2 drainage area and a 47 hour 
time of concentration, the 24-hour storm is too short. 
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