
Lower Red Basin Retention (LRBR) 
Study 
Appendix C: Mainstem Frequency Analysis & 
Balanced Hydrographs 
 
 
 
 
 

October 2018 

 

 
 
Prepared by: 
U.S. Army Corps of Engineers 
St. Paul District 
180 Fifth Street East, Suite 700 
St. Paul, Minnesota 55101-1678 



 
 

LRBR Study - Appendix C: Mainstem Frequency Analysis & Balanced Hydrographs  2 
 

 

Contents 
1. Introduction.................................................................................................................................... 4 

2. Upstream Regulation & Mainstem Red River Flow-Frequency Analysis ....................................... 5 

3. Red River at Hickson, North Dakota ............................................................................................... 8 

3.1. Background ............................................................................................................................. 8 

3.2. Adopted Analysis .................................................................................................................... 8 

4. Red River at Fargo, North Dakota .................................................................................................. 9 

4.1. Adopted Period of Record ...................................................................................................... 9 

4.2. Adopted Analysis .................................................................................................................. 10 

5. Red River at Halstad, Minnesota .................................................................................................. 12 

5.1. Background ........................................................................................................................... 12 

5.2. Adopted Analysis .................................................................................................................. 12 

6. Red River at Grand Forks, North Dakota ...................................................................................... 16 

6.1. Background ........................................................................................................................... 16 

6.2. Period of Record ................................................................................................................... 16 

6.2.1. Historic Flood Events .................................................................................................... 17 

6.2.2. 1997 Event magnitude .................................................................................................. 18 

6.3. Period of Record: Sensitivity Analysis .................................................................................. 18 

6.4. Methodology: Sensitivity Analysis ........................................................................................ 18 

6.5. Sensitivity Analysis Results ................................................................................................... 19 

6.6. Adopted Analysis .................................................................................................................. 20 

7. Red River at Oslo, Minnesota ....................................................................................................... 22 

7.1. Background ........................................................................................................................... 22 

7.2. Annual Instantaneous Peak Record Extension ..................................................................... 22 

7.3. Regional Skew Assessment ................................................................................................... 23 

7.4. Adopted Analysis .................................................................................................................. 23 

7.4.1. Adopted Oslo Annual Instantaneous Peak Flow-frequency Relationship .................... 23 

7.4.2. Record Extension for Volume-Frequency Analysis ....................................................... 24 

8. Red River at Drayton, North Dakota ............................................................................................ 28 

8.1. Background ........................................................................................................................... 28 

8.2. Period of Record ................................................................................................................... 28 

8.3. Adopted Analysis .................................................................................................................. 29 



 
 

LRBR Study - Appendix C: Mainstem Frequency Analysis & Balanced Hydrographs  3 
 

8.3.1. Annual Instantaneous Peak Streamflow Analysis......................................................... 29 

8.3.2. Volume Frequency Analysis .......................................................................................... 29 

9. Red River at Emerson, Manitoba ................................................................................................. 32 

9.1. Background ........................................................................................................................... 32 

9.2. Adopted Analysis .................................................................................................................. 32 

9.2.1. Volume Frequency Analysis .......................................................................................... 32 

10. References ................................................................................................................................ 34 

 
 
Tables 
Table 1. Mainstem Red River of the North Balanced Hydrograph Locations 
 
Figures 
 
Figure 1.  Unregulated annual peak flows at Fargo. ............................................................................ 10 
Figure 2. Relationship Used to Derive Annual Maximum Mean Daily Flows at Halstad, MN for 

1942-1961 ............................................................................................................................ 13 
Figure 3. Adopted Balanced Hydrographs- Halstad, Minnesota ......................................................... 16 
Figure 4. Balanced Hydrograph Analysis 1942-2009 Red River of the North at Grand Forks, ND ...... 22 
Figure 5. Derivation of Regional Skew Relationship for Oslo, Minnesota ........................................... 23 
Figure 6. Regression between Mean Daily Annual Maximum Flows and Annual Instantaneous Peak 

Flows- Oslo, Minnesota ........................................................................................................ 25 
Figure 7. Discharge – Stage rating curve for Oslo, MN ........................................................................ 26 
Figure 8. Adopted Balanced Hydrographs for Oslo, Minnesota .......................................................... 28 
Figure 9. Hydrograph Extension at Drayton, North Dakota versus Observed Streamflow at Grand 

Forks and Drayton ................................................................................................................ 30 
Figure 10. Adopted Balanced Hydrographs at Drayton, ND ................................................................ 31 
Figure 11. Adopted Balanced Hydrographs for Emerson, Manitoba .................................................. 34 
 
Appendices 
Appendix C1: Results  
  



 
 

LRBR Study - Appendix C: Mainstem Frequency Analysis & Balanced Hydrographs  4 
 

1. Introduction 
There are ten USGS streamflow gage sites located along the mainstem of the Red River of the 
North (including the Bois De Sioux River) with substantial, observed streamflow records. As part 
of this study, annual instantaneous flow-frequency analysis, volume-frequency analysis and 
balanced hydrograph analysis is generated for each location. To be consistent with the Fargo-
Moorhead Feasibility Study and Environmental Impact Statement (FEIS)  analysis (Reference 8), the 
period of record adopted for mainstem, Red River of the North frequency analysis is 1942-2009.  
Mainstem, Red River sites upstream of Halstad, Minnesota are assumed to be effected by 
breakout flows and regulation. Downstream of Halstad it is assumed that reservoir effects are 
negligible. As indicated in the Fargo-Moorhead Feasibility Study and Environmental Impact Statement 
(FEIS) report (Reference 8), the effects of upstream regulation from Lake Traverse, Orwell Dam and 
Baldhill Dam diminish considerably downstream of Fargo, North Dakota due to increasing incremental 
drainage area. Frequency analysis generated for mainstem sites impacted by breakout flows and 
regulation is produced graphically. Analytical analysis generated for mainstem sites at Halstad, 
Minnesota and downstream is produced using HEC-SSP version 2.1 (Reference 6) and Bulletin 17C 
guidelines (Reference 12).  
 
Balanced hydrographs are generated based on the volume frequency analysis using both an excel 
spreadsheet and HEC-SSP version 2.1 (Reference 6). Balanced hydrographs are used as a visual 
representation of the volume frequency relationships and provide for an indication of timing 
along the mainstem of the Red River of the North. The pattern hydrograph selected to produce 
mainstem balanced hydrographs for this study is the 2006 spring flood event hydrograph. The 
2006 flood event was selected because it is amongst the largest in the period of record and 
because the 2006 flood hydrograph has a single, well defined flood peak. In order to replicate a 
realistic hydrograph shape, the ordinates of the balanced hydrographs are graphically smoothed. 
To maintain the volume-duration relationships defined by the volume frequency analysis, 
smoothed balanced hydrograph volumes are kept to within 6% of the volumes defined by the 
frequency relationships for each duration.  
 
In addition to carrying out an analysis for the adopted period of 1942-2009, for the Red River at 
Grand Forks, North Dakota a sensitivity analysis was conducted to assess what the impact of using 
a period of record from 1942-2016 and the entire period of record from 1826 to 2009 would have 
on results. An additional sensitivity analysis was applied to evaluate the effect of using Bulletin 
17B (Reference 11) versus Bulletin 17C (Reference 12) guidelines on analysis.  
 
The periods of record available at the mainstem Red River Basin sites analyzed as part this study, 
along with associated drainage areas are displayed in Table 1. The locations of these USGS gage 
sites are displayed in Exhibit 1. The focus of this appendix is the analysis for mainstem, Red River 
gage sites between Hickson, North Dakota and Emerson, Manitoba.  
 
 



 
 

LRBR Study - Appendix C: Mainstem Frequency Analysis & Balanced Hydrographs  5 
 

Table 1. Mainstem Red River of the North Balanced Hydrograph Locations 

USGS 
Gage  

Gage Name 
Period of Record: 

Peak Flows 

Period of 
Record: Daily 

Flows 

Total 
Drainage 

Area 
(sq mi) 

Not 
Including 

Devils Lake 
(sq mi) 

05050000 Bois de Sioux 
River near White 
Rock, SD 

1942-2016 1942-2016 1,160  

05051300 Bois de Sioux 
River near 
Doran, MN 

1990-2016 1990-2016 1,880  

05051500 Red River at 
Wahpeton, ND 

1897, 1942-2016 1942-2016 3,8804  

05051522 Red River at 
Hickson, ND 

1976-2016 1976-2016 4,1705  

05054000 Red River at 
Fargo, ND 

1882,1897, 1902-
2016 

1902-2016 6,800  

05064500 Red River at 
Halstad, ND 

1935-1937, 1942-
2016 

1936-37, 
1942-60, 

1961-2016 
21,800 18,000 

05082500 Red River at 
Grand Forks, ND 

1826, 1852, 1882-
2016 

1882-2016 30,100 26,300 

05083500 Red River at 
Oslo, MN 

1936-37, 1942- 
1960 (excl. ‘46), 

1966, 1969, 1978, 
1985-2016 

1936-37, 
1942-47, 

1948-1960, 
1974-1976 
2002-20162 

31,200 27,400 

05092000 Red River at 
Drayton, ND 

1897, 1936-
1937,1941-2016 

1936-37, 
1941-20161 

34,800 31,000 

05102500 Red River at 
Emerson, 
Manitoba 

1826, 1861, 1897, 
1913-2016 

1930-20163 40,200 36,400 

1 The Drayton daily streamflow record is fragmented prior to April 1949 

2 Daily Gage Height Only- Daily Streamflow not available 

3 1902 Daily Gage heights only, 1912-1929 Monthly Discharge Only 

4 USGS published Drainage area of 4,010 sq. mi- error on USGS website  

5 USGS published Drainage area of 4,300 sq. mi- error on USGS website 

 

2. Upstream Regulation & Mainstem Red River Flow-Frequency Analysis 
Lake Traverse is located in the headwaters of the Red River Basin, on the Bois de Sioux River. All 
the mainstem, Red River of the North gages are located downstream of Lake Traverse. Orwell 
Dam is located on the Otter Tail River. The Otter Tail River reaches its confluence with the Red 
River of the North just upstream of Wahpeton, North Dakota. The total drainage areas upstream 
of White Rock Dam and Orwell Dam are 1,160 square miles and 1,730 square miles, respectively. 
The Lake Traverse Project went into operation in water year 1942. Orwell Dam went into 
operation in water year 1953. Baldhill Dam is located on the Sheyenne River near Valley City, 
North Dakota, approximately 271 river miles upstream of the Sheyenne River’s confluence with 
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the Red River of the North. The total drainage area upstream of Baldhill Dam is 7,470 square 
miles. This includes the 3,800 square mile, closed Devil’s Lake Basin. Excluding Devil’s Lake, the 
total drainage area upstream of Baldhill Dam is about 3,670 square miles. Construction of Baldhill 
Dam was started in July 1947 under direction of the St. Paul District Engineer, and although not 
entirely completed, the project was placed into emergency operation on 16 April 1950. 
Permanent operations began in the spring of 1951.  
 
At Halstad, Minnesota the total drainage area is about 18,000 square miles, only about 6,600 
square miles of this total, upstream drainage area is impacted by regulation. As indicated in the 
Fargo-Moorhead Feasibility Study and Environmental Impact Statement (FEIS) report (Reference 8), the 
effects of the major, upstream reservoirs within the Red River Basin (Lake Traverse Reservoir, 
Orwell Dam and Baldhill Dam) diminish considerably downstream of Fargo, North Dakota due to 
increasing incremental drainage area. Consequently, frequency analysis for mainstem, Red River 
of the North gage sites located downstream of Fargo can be generated analytically. As part of this 
study flow-frequency analysis is generated analytically for six, gaged points of interest along the 
mainstem of the Red River downstream of Fargo: Halstad, Minnesota, Grand Forks, North Dakota, 
Oslo, Minnesota, Drayton, North Dakota and Emerson, Manitoba (Canada). Graphical flow-
frequency analysis was generated for White Rock, South Dakota and Doran, Minnesota. Frequency 
analysis for Wahpeton, North Dakota, Hickson, North Dakota and Fargo, North Dakota was 
adopted from previous studies.  
 
A summary of annual instantaneous peak flow-frequency results at mainstem gage sites is 
displayed in Table 2. The family of mainstem Red River of the North peak flow-frequency curves 
and the 1% annual exceedance probability balanced hydrographs for all mainstem locations are 
displayed in Appendix C1.  
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Table 2. Mainstem Red River of the North Annual Instantaneous Peak Flow-Frequency Summary Table 

Red River of the North Mainstem Flow-Frequency Summary Table 
Gage # Gage Name River Mile Drainage Area 

(sq miles)1 
Annual Chance Exceedance in %2 

0.2 0.5 1 2 4 10 
05050000 Bois de Sioux River near White Rock, 

SD 
Not Applicable 1,160 14,200 8,500 8,300 7,600 4,000 1,700 

05051300 Bois de Sioux River near Doran, MN Not Applicable 1,880 22,900 14,600 11,900 11,500 10,200 7,700 
05051500 Red River at Wahpeton, ND 548.6 3,880 25,100 21,200 17,900 14,700 11,800 8,500 
05051522 Red River at Hickson, ND 485.1 4,170 36,000 28,500 23,500 19,000 14,6003  9,600 
05054000 Red River at Fargo, ND 453.0 6,800 61,700 46,200 34,700 29,300 24,0003  17,000 
05064500 Red River at Halstad, ND 375.2 18,000 98,700 82,200 70,300 59,000 48,200 34,800 
05082500 Red River at Grand Forks, ND 297.6 26,300 134,100 116,300 102,700 89,000 75,300 56,900 
05083500 Red River at Oslo, MN 271.2 27,400 140,300 121,100 106,500 92,000 77,500 58,400 
05092000 Red River at Drayton, ND 206.7 31,000 146,400 126,600 111,700 96,800 82,000 62,300 
05102500 Red River at Emerson, MB 154.3 36,400 161,200 136,100 118,100 100,900 84,500 63,700 
1Drainage area downstream of Fargo, ND does not include 3,800 sq mi Devil's Lake Basin - closed basin 
2 Flow-Frequency curves are generated graphically between White Rock, SD and Fargo, ND. Flow-Frequency curves are generated using the Bulletin 17C 
analytical approach between Halstad, ND and Emerson, MB 
34% annual exceedance probability flows were not generated as part of the analyses carried out for Hickson and Fargo. Consequently, the 4% flow values 
at these locations have been visually approximated from their respective flow-frequency curves.  
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3. Red River at Hickson, North Dakota  
In 2015 annual instantaneous flow-frequency analysis and volume-frequency analysis was 
generated for the Red River of the North at Hickson, North Dakota. Results are published in a 
report entitled, The Use of Synthetic Floods for Defining the Regulated Flow-Frequency and 
Volume Duration Frequency Curves for the Red River at Hickson, North Dakota (Reference 9). The 
objective of the analysis was to develop the hydrology needed as input to the unsteady water 
surface profile model (HEC-RAS; Reference 5) for the Red of the North through the city of Hickson, 
North Dakota as part of the Fargo-Moorhead Feasibility Study and Environmental Impact Statement 
(FMM-FEIS) analysis (Reference 8). At the time, the unsteady flow model required balanced 
hydrographs for the 10%, 2%, 1%, 0.5% and 0.2% annual exceedance probability (AEP) events.  
Note that the 4% annual exceedance probability event was not defined as part of the FMM- FEIS 
(Reference 8) and thus was not computed for Hickson. 

3.1. Background 
The USGS gage at Hickson, North Dakota (05051522) is located six miles upstream of the 
confluence of the Wild Rice River (North Dakota) with the Red River of the North. The station has 
a relatively short record from 1976 to present. The flood of record occurred in 2009 on March 
26th with an annual instantaneous peak flow of 23,700 cfs. Flows observed at the USGS gage at 
Hickson have historically been affected by breakout flows from the Bois De Sioux River and 
regulation by Orwell Dam and the Lake Traverse Project. Unsteady HEC-RAS (Reference 5) 
modeling of extreme events (greater than the 2% event), has demonstrated that there is the 
potential for significant breakout flows to occur from the Wild Rice River near Abercrombie, 
North Dakota. The HEC-RAS model indicates that these breakout flows reach the Red River of the 
North between Enloe, North Dakota and Hickson, North Dakota.  

3.2. Adopted Analysis 
To account for the effects of breakout flows and upstream regulation, graphical flow-frequency 
analysis is applied to define annual instantaneous peak flow-frequency curves and volume 
frequency relationships at Hickson, North Dakota. To carry out a flow-frequency analysis it is 
important that the flow record being analyzed is representative of homogenous hydrologic 
conditions in the study area. The historic flow record is used to aid in the definition of the 
graphical flow-frequency curve for exceedance probabilities greater in magnitude than 
approximately the 2% event (more frequent events). Exceedance probabilities are assigned to the 
historic record using Weibull plotting positions. Synthetic events are used to define the flows 
associated with the rarer exceedance probabilities.  
 
To be consistent with what was done for the Fargo-Moorhead Feasibility Study and Environmental 
Impact Statement (FEIS) report (Reference 8) assessment, the period of analysis adopted for 
Hickson, North Dakota is 1942-2009. For the period of record from 1975 to 2009, historic, annual 
instantaneous peak streamflow events and daily flow data measurements are published by the 
USGS for the Red River of the North at Hickson, North Dakota. Annual instantaneous events and 
the daily flow record for the portion of the period of record from 1942 to 1974 were 
approximated based on a MOVE.1 analysis with the USGS gage at Wahpeton, North Dakota. 
Orwell Dam was constructed in 1953; consequently, the HEC-ResSIM (Reference 4) model was 
used to adjust daily flows and annual instantaneous peaks observed at Wahpeton to impose 
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Orwell Dam regulation for the period of record prior to 1953. The adopted annual instantaneous 
and volume frequency relationships for Hickson, North Dakota are displayed in Table 3.  
Table 3. Regulated, With Breakout Flow-frequency Curves- Hickson, North Dakota 

Graphical Volume Frequency Curves for Regulated, With Breakout Flow Condition at Hickson, 
North Dakota 

Percent 
Chance of 

Exceedance 
(%) 

Annual 
Instantaneous 

Peak Flow-
Frequency Curve 

Maximu
m 3-Day 
Average 

Maximu
m 7-Day 
Average 

Maximum 
15-Day 

Average 

Maximum 
30-Day 

Average 

Flow in cfs 
0.2 36,000 34,500 30,500 25,300 20,200 
0.5 28,500 27,600 24,000 19,700 15,400 
1 23,500 22,000 19,400 15,900 12,400 
2 19,000 17,800 15,500 12,500 9,500 
5 13,200 12,200 10,700 8,600 6,400 

10 9,600 9,000 8,100 6,300 4,700 
20 6,850 6,400 5,700 4,350 3,400 

4. Red River at Fargo, North Dakota 
The analysis for the Red River of the North at Fargo, North Dakota was adopted from the Fargo 
Moorhead Metropolitan Area Feasibility Study and Environmental Impact Statement (FMM-FEIS; 
Reference 8). The flow-frequency and volume frequency relationships for Fargo, North Dakota 
were derived by the USACE Hydrologic Engineering Center (HEC). To capture regulation from 
upstream reservoirs, the peak flow-frequency curve was developed by graphically fitting a 
frequency curve to both the observed peak flow record and synthetic flood events. The synthetic 
floods are used to define the upper end of the frequency curve. The synthetic floods were 
developed using natural conditions volume duration frequency curves, historic hydrograph 
shapes patterned after the 2006 flood, a HEC-5 model to regulate flows, and an HEC-RAS model 
to route the regulated flows from the HEC-5 model to Fargo.   

4.1. Background 
The USGS gage for the Red River of the North at Fargo, North Dakota (05054000) is located at the 
water treatment plan on 4th Street South, at river mile 453, approximately 25 miles upstream of 
the mouth of the Sheyenne River. The total drainage area at this gage is 6,800 square miles. The 
gage location and datum has changed several times during its existence and currently has a 
datum of elevation 861.8 feet above sea level. The continuous period of record dates back to May 
1901, with historic flood information available for 1882 and 1897. The largest observed flow 
occurred on 28 March 2009 and had an estimated instantaneous peak discharge of 29,500 cfs. 

4.2. Adopted Period of Record  
The period of record adopted for the design of the proposed Fargo Moorhead Flood Risk 
Management project is 1942-2009. This period of record was selected based on the 
recommendations of an Expert Opinion Elicitation (EOE) panel. Figure 1 displays the record of 
unregulated annual peak flows on the Red River of the North at Fargo. 
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Figure 1.  Unregulated annual peak flows at Fargo. 

Based on observed, increasing trends in the streamflow record at Fargo, North Dakota, the expert 
panel concluded that the Red River of the North peak stream flows exhibited non-stationarity in 
the form of two flow regimes: a wet period and a dry period. The expert panel suggested that this 
result should be incorporated in the development of the regulated peak flow-frequency curve at 
Fargo. Based on the EOE panel’s recommendations, the HEC engineers applied the Pettitt test to 
determine the break point providing the strongest statistical evidence of separate, homogenous 
(stationary) data sets. The resulting break point of 1941 defined the dry period with flows from 
water years 1902 to 1941 (40 years of record) and the wet period with flows from 1942 to 2009 
(68 years of record; Reference 8).  

4.3. Adopted Analysis 
A flow-frequency curve based on the wet portion of the period of record (1942-2009) has been 
adopted for design of the Fargo-Moorhead Metropolitan Area Flood Risk Management Project. 
Because the flow record observed on the Red River at Fargo, North Dakota is affected by 
upstream reservoirs and breakout flows, a graphical annual instantaneous peak frequency analysis 
must be developed. Due to the effects of regulation an analytical distribution does not fit the 
observed flows. Synthetic floods are generated to define the upper end of the graphical, 
regulated, annual instantaneous peak frequency curve.   
 
The regulated peak flow-frequency curve is developed using observed, regulated annual 
instantaneous peak flows as reported by USGS gage 0505400 located on the Red River of the 
North at Fargo, North Dakota for the portion of the period of record from 1953 to 2009.  
Simulated, regulated peak flows developed as part of the Fargo Moorhead Metropolitan Area 
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Feasibility Study and Environmental Impact Statement (FMM-FEIS; Reference 8) analysis using an 
HEC-5 model are adopted for the portion of the period of record from 1942 to 1952. Simulated 
flows are used to account for the effects of Orwell Dam, which went into operation in 1953. The 
adopted flow-frequency curve for Fargo, North Dakota is displayed in Table 4.  
 
Table 4.  Regulated Peak Flow-frequency Curves for Wet and Dry Periods at Fargo, North Dakota. 

Graphical, Regulated Instantaneous Peak Flow-frequency Curves at Fargo, North 
Dakota 

 Wet Dry 
Exceedance 
Frequency (%) 

Flow (cfs) Flow (cfs) 

10% 17,000 4,600 
5% 22,000 6,100 
2% 29,300 8,000 
1% 34,700 9,500 
0.5% 46,200 11,000 
0.2% 61,700 13,500 

 
Regulated volume duration frequency curves are developed using observed, regulated mean daily 
flows as reported by USGS gage 0505400 located on the Red River of the North at Fargo, North 
Dakota for the portion of the period of record from 1953 to 2009.  Simulated, regulated mean 
daily flows developed as part of Fargo Moorhead Metropolitan Area Feasibility Study and 
Environmental Impact Statement (FMM-FEIS; Reference 8) analysis using an HEC-5 model are 
adopted for the portion of the period of record from 1942 to 1952. Simulated flows are used to 
account for the effects of Orwell Dam, which went into operation in 1953.  
 
Because the flow record observed on the Red River at Fargo, North Dakota is affected by 
upstream reservoirs and breakout flows, a graphical volume duration frequency analysis must be 
applied. An analytical distribution does not fit the observed flows. Synthetic floods are applied to 
define the upper end of the regulated, volume duration frequency curves. The regulated synthetic 
flood hydrographs prepared by the Hydrologic Engineering Center to define the 10%, 2%, 1%, 
0.5% and 0.2% peak annual flows at Fargo, North Dakota are also used to define the 10%, 2%, 1%, 
0.5% and 0.2% 3-day, 7-day, 15-day and 30-day flows as displayed in Table 5. Note that the 4% 
annual exceedance probability event was not defined as part of the FMM- FEIS (Reference 8).  
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Table 5. Feasibility Phase Volume Duration Frequency Analysis versus Graphical Volume Duration Frequency Analysis 

Fargo, North Dakota Graphical Volume Frequency Analysis 

 Annual Exceedance Probabilities  
 0.2% 0.5% 1% 2% 10% 
 Flows (cfs) 

Peaks 61,700 46,200 34,700 29,300 17,000 

3-day 58,100 43,400 33,000 28,150 16,500 

7-day 52,000 39,800 31,500 26,000 15,200 

15-day 42,600 33,500 27,350 22,500 12,000 
30-day 31,500 25,000 20,500 16,500 8,000 

5. Red River at Halstad, Minnesota  

5.1. Background 
The USGS gage (USGS gage No. 05064500) located along the Red River of the North at Halstad, 
Minnesota has an annual instantaneous peak streamflow record from 1936, 1937 and 1942 to the 
present year (2017). The gage began collecting daily discharge measurements in June of 1961.The 
gage is located 0.5 miles west of Halstad, 2.5 miles downstream from the Wild Rice River, and at 
river mile 375.2. The gage captures 21,800 square miles of drainage area.  

5.2. Adopted Analysis 
The observed annual instantaneous peak streamflow record is used to derive the annual 
instantaneous flow-frequency curve for the Red River of the North at Halstad, Minnesota (USGS 
Gage No. 05064500). Station skew is adopted. Using station skew is appropriate for sites located 
along the mainstem of large river systems that capture significant drainage area. This is consistent 
with the approach adopted for the Fargo Moorhead Metropolitan Area Feasibility Study and 
Environmental Impact Statement (FMM-FEIS; Reference 8). The data used for annual peak flow-
frequency analysis is displayed in Appendix C1. The results of the flow-frequency analysis are 
displayed in Table 6 and Appendix C1.   
 
Because daily data is only available at the Red River of the North at Halstad, Minnesota (USGS 
Gage No. 05064500) starting in June of 1961, the 1-day, 3-day, 7-day, 15-day and 30-day 
maximum flow records had to be back-extended for the portion of the period of record from 
1942-1961.  
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Table 6. Adopted Annual Instantaneous Peak Flow-Frequency Curve- Halstad, MN 

Bulletin 17C Analysis: Red River of the North at Halstad, MN 
% Chance of 
Exceedance 

 Annual Instantaneous 
Peak Flow-Frequency 

Curve (cfs) 

90% Confidence Band 
5% Confidence 

Limit (cfs) 
95% Confidence 

Limit (cfs) 

0.2 98,700 183,500 64,200 
0.5 82,200 138,100 57,700 

1 70,300 109,800 52,100 
2 59,000 85,900 45,900 
4 48,200 65,600 39,000 

10 34,800 43,600 29,000 
Summary Statistics 

Period of Record 1942-2009 Mean 4.099 
Systematic Events 68 Standard Deviation 0.355 

Low Outliers 0 Adopted (station) 
Skew 

-0.299 

 
The maximum 1-day annual flow record was back-extended using the annual instantaneous peak 
flow record observed at the Red River of the North at Halstad, Minnesota (USGS Gage No. 
05064500). A linear relationship was derived relating annual instantaneous peak flows to annual 
maximum mean daily flows for the concurrent period of record (Figure 2). This relationship was 
used to convert annual instantaneous peak flows to maximum mean daily flows for the portion of 
the period of record from 1942-1961.  

 
Figure 2. Relationship Used to Derive Annual Maximum Mean Daily Flows at Halstad, MN for 1942-1961 
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The 3-day, 7-day, 15-day, and 30-day annual maximum flow records were initially back-extended 
between 1942 and 1961 using the MOVE.3 approach. The Grand Forks USGS gaging station (USGS 
gage No. 05082500) is the long-term station on the Red River below the Canadian border and is 
the next, downstream gage on the mainstem of the Red River from Halstad. The annual maximum 
mean daily flow records at the Grand Forks gage were used to back-extend the records at Halstad. 
There exists a strong, linear relationship between flows at Grand Forks and Halstad, Minnesota. 
The coefficient of determination (R2) between the two sites is over 0.9 for the 3-day (0.92), 7-day 
(0.93), 15-day (0.94), and 30-day (0.95) durations. A comparison of observed flows at Halstad and 
flows estimated for the same years using the adopted MOVE.3 equations for the different 
durations are displayed in Appendix C1.  
 
The MOVE.3 approach facilitated a reasonable estimate of the 3-day, 7-day, 15-day, and 30-day 
annual maximum flow records for about half the water years between 1942 and 1961. For the 
other ten years 3-day, 7-day, 15-day, and 30-day annual maximum flow records approximated 
using MOVE.3 exceeded the observed, annual instantaneous flood peaks for one or more 
duration. To approximate flows for these years, three methods were applied and the average 
result was adopted to generate the data point used to derive the volume frequency relationships.   

1. Method 1: The MOVE.3 results for durations where the values were less than the 
annual instantaneous flow value were used to generate an approximation of what 
the flow might be for the duration(s) inconsistent with the observed peak flow.  

2. Method 2: Flows were approximated for all durations based on averaging the 
reduction ratios between the 1-day, 3-day, 7-day, 15-day and 30, day flows for 
observed events (1961-2009) at Halstad, Minnesota whose peak flows were similar 
in magnitude.  

3. Method 3: Flows were approximated for all durations based on the reduction 
ratios between the 1-day, 3-day, 7-day, 15-day and 30-day flows for the observed 
events at Grand Forks, North Dakota.  

 
For example the observed, annual instantaneous peak flow for water year 1946 is 10,000 cfs and 
the approximated 1-day flow is 9,877 cfs. Using the MOVE.3 equation, the corresponding 3-day 
flow is 12,366 cfs, the 7-day flow is 11,741 cfs, the 15-day flow is 9,853 cfs and the 30-day flow is 
7,571 cfs. The 3-day and 7-day flows are larger in magnitude than the 1-day flow based on the 
observed record; consequently an adjustment has to be made.  
 

1. Method 1: The 3-day (Q3) and 7-day (Q7) flow are approximated using the 1-day 
(Q1) and 15-day (Q15) flows.  

a. Q3= {[(Q15 * 15 - Q1)/14] * 2+ Q1}/3 
b. Q7= {[(Q15 * 15 - Q1)/14] * 6+ Q1}/7 

2. Method 2: The 1-day peak based on observed data collected at Halstad in 1946 
(9,877 cfs) is similar to the observed 1-day peaks collected at Halstad in 1976 
(9,850 cfs) and 1985 (10,100 cfs). The reduction ratios between the 1-day, 3-day, 
7-day, 15-day and 30-day flows for the 1976 and 1985 event are averaged and 
applied to the 1946 1-day flow.  

3. Method 3: The reduction ratios between the observed 1-day, 3-day, 7-day, 15-day 
and 30-day flows in 1946 at Grand Forks, North Dakota are applied to the 1946 1-
day flow.  
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The adopted volume frequency relationship for Halstad is displayed in Table 7 and Appendix C1. 
The volume frequency curves do not cross so the statics associated with the observed and 
approximated data are adopted. 
 
Table 7. Adopted Volume-Frequency Relationship Halstad, Minnesota  

Bulletin 17C Volume Frequency Relationships: Halstad, North Dakota- 1942-
2009 

% Chance of Exceedance Durations  
Annual 

Instantaneous Peak 
1-day 3-day 7-day 15-

day 
30-
day 

0.2 98,700 98,30
0 

98,10
0 

91,00
0 

83,200 60,600 

0.5 82,200 81,80
0 

81,10
0 

76,00
0 

68,800 50,300 

1 70,300 69,90
0 

69,00
0 

65,10
0 

58,400 42,900 

2 59,000 58,60
0 

57,50
0 

54,60
0 

48,600 35,800 

4 48,200 47,90
0 

46,70
0 

44,60
0 

39,200 29,100 

10 34,800 34,50
0 

33,30
0 

31,90
0 

27,700 20,700 

Statistics  
Mean 4.099 4.092 4.067 4.034 3.961 3.849 

Standard Dev 0.355 0.358 0.366 0.381 0.389 0.377 
Station Skew -0.299 -0.301 -0.293 -0.375 -0.342 -0.334 

Low Outliers and Zero 
Flows 

0 0 0 0 0 0 

Systematic Events 68 68 68 68 68 68 
 
The adopted balanced hydrographs for the Red River of the North at Halstad, Minnesota are 
displayed in Figure 3. Balanced hydrographs are generated based on the volume frequency 
analysis using both an excel spreadsheet and HEC-SSP version 2.1 (Reference 6). The 2006 event 
observed at Halstad, Minnesota was used to pattern the balanced hydrographs. Balanced 
hydrographs were generated for the 0.2% (500-yr), 0.5% (200-yr), 1% (100-yr), 2% (50-yr), 4% (25-
yr) and 10% (10-yr) annual exceedance probability events.  
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Figure 3. Adopted Balanced Hydrographs- Halstad, Minnesota  

6. Red River at Grand Forks, North Dakota  

6.1. Background 
The Grand Forks USGS gaging station (USGS gage No. 05082500) is the long-term station on the 
Red River below the Canadian border. The river gradient is about 0.5 feet per mile in the vicinity 
of Grand Forks, North Dakota. The continuous streamflow recording station for the Red River of 
the North at Grand Forks is located 0.4 miles downstream from the Red Lake River at Red River 
Mile 293.8 and drains a total area of 30,100 square miles. The gage location and datum has 
changed numerous times during the 128 years of continuous existence and currently has a datum 
of 779.00 feet above sea level. For the period of 1904 to 2009, the mean monthly flow varies 
from as little as 900 cfs in February to as high as 10,900 cfs in April.  
 

6.2. Period of Record 
The continuous period of record at Grand Forks dates back to April 1882 with historic flood 
information available for 1826, 1852 and 1861. The historic floods of 1826, 1852 and 1861 were 
documented in letters, journals, and railroad records with specific information regarding maximum 
water levels and flood durations. Publications by the U.S. Geological Survey, the Manitoba 
Department of Mines and Natural Resources (R. H. Clark) and the University of Winnipeg (W. F. Rannie) 
present useful discussions of historic floods (References13, 1,  and 15, respectively).  
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6.2.1.  Historic Flood Events 
Prior studies have estimated Red River of the North discharges downstream of the Assiniboine River 
at Winnipeg, Manitoba for the 1826, 1852 and 1861 floods to be 225,000 cfs, 165,000 cfs and 
125,000 cfs, respectively. Additional analyses by the St. Paul District, Corps of Engineers in 1979 
(Reference 10) used  linear regression and drainage area - discharge relationships to transfer 
historical flood values from the Red River of the North at Winnipeg to Emerson, Manitoba and 
Grand Forks, North Dakota. The resulting peak discharges at Grand Forks were determined to be 
135,000 cfs for 1826, 95,000 cfs for 1852 and 65,000 cfs for 1861.  
 
An updated analysis on historic events was done by the St. Paul District, Corps of Engineers in 2001 
(Reference 7) to incorporate additional years of record. The study applied a least squares linear 
regression model similar in scope to the 1979 Corps’ analysis, but included additional data from 1980 
through 1997. The resulting, updated estimates of the historic flows at Grand Forks were determined to 
be 123,000 cfs for 1826, 85,000 cfs for 1852, and 59,000 cfs for 1861. The North Dakota District of the U.S. 
Geological Survey also evaluated the 1826, 1852 and 1861 historic events in the Red River Valley 
(Reference 14). The USGS developed a series of regression models relating log-transformed peak flows 
at Winnipeg, Grand Forks, Fargo and Wahpeton, given known historical peak flows at Winnipeg. The 
historic flood values estimated for Grand Forks by the USGS were 164,000 cfs, 108,600 cfs and 76,300 cfs 
for the 1826, 1852 and 1861 floods, respectively.  
 
When the hydrologic analyses of the Red River of the North mainstem study was conducted by the St. 
Paul District in 2001 (Reference 7), the Minnesota Interagency Review Committee was consulted to 
determine the appropriate historic events to include in the flow-frequency analysis at Grand Forks and 
their associated magnitudes. Based on the recommendations of the Minnesota Interagency Review 
Committee, the 1861 event was not included in the analysis because the 1861 event is estimated 
to be smaller in magnitude than seven events which are part of the observed record. Since the 
1861 event is an estimate based on records at Winnipeg, its lack of reliability does not add 
accuracy to the upper end of the frequency curve. Because there is considerable uncertainty 
surrounding its magnitude it is not possible to determine exactly which observed events are 
higher in magnitude than the 1861 event. There is also uncertainty that there was not a flood 
larger than the 1861 event during the period from 1826 through 1881.   
 
The committee recommended taking an average of the new Corps of Engineers and USGS values for 
estimates of the 1826 and 1852 flood peaks when generating the discharge-frequency curve at Grand 
Forks. The resulting historic flood values for Grand Forks were 144,000 and 97,000 cfs for the 1826 and 
1852 floods, respectively. This is consistent with the approach adopted to carry out period of record 
analysis for the Fargo Moorhead Metropolitan Area Feasibility Study and Environmental Impact 
Statement (FMM-FEIS; Reference 8).     
 
The flood of 1826 is the largest known flood in Red River of the North Basin. The descriptions of 
the 1826 flood crest facilitates the construction of a rough stage hydrograph. The 1826 flood was 
caused by a wet, preceding fall in 1825 and an extreme winter. Red Lake and Lake Traverse were 
reported as overflowing in the spring. The 1852 flood was also well described by historians 
(Reference 13).  
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6.2.2. 1997 Event magnitude  
As stated in Open File Report 00-344 (Reference 17), the North Dakota District of the U.S. 
Geological Survey recommends using an annual peak flow value of 114,000 cfs for the 1997 flood 
at the Grand Forks. The U.S. Geological Survey estimated the 1997 peak flow to have been 
137,000 cfs based on gaging measurements, but concluded that the flow was short-lived and was 
caused by unusual hydraulic conditions. This flow magnitude was impacted by breakout flow 
from the Red River about 20 miles upstream of the gage that eventually re-entered the Red Lake 
River about 2 miles upstream of its confluence with the Red River of the North. Consequently, for 
flow-frequency analysis the April 22nd peak flow of 114,000 cfs is adopted. The April 22nd flow 
corresponds to when the peak stage occurred at the Grand Forks gage in 1997 (54.35 ft., from a 
floodmark).  

6.3. Period of Record: Sensitivity Analysis  
The Technical Advisory Committee (TAC) for the Lower Red River Retention Study requested that a 
sensitivity test be carried out a Grand Forks, North Dakota to assess the impact of the adopted period 
of record on analysis. The results of this sensitivity analysis are displayed in Table 8 and Appendix 
C1. The annual instantaneous peak discharge-frequency analysis at Grand Forks was carried out 
using three different portions of the period of record. 
• 1942-2009 to be consistent with the adopted, WET, mainstem flow-frequency analysis carried 

out in support of the Fargo Moorhead Metropolitan Area Feasibility Study (68 year systematic 
record).  

• 1942-2016 to assess what the impact of adding the seven years of additional streamflow 
record has on the flow-frequency relationship (75 year systematic record). 

• A period of record analysis is also carried out using the systematic flow record observed 
between 1882 and 2009 and the historic flood values for 1826 and 1852 (153 year systematic 
record and 191 year historic period).  

6.4. Methodology: Sensitivity Analysis 
In addition to evaluating the effect of the selected period of record on the adopted flow-
frequency distribution, sensitivity analysis was also carried out to evaluate the impact of applying 
Bulletin 17C (Reference 12) guidance versus Bulletin 17B (Reference 11) guidance. The results of 
the sensitivity analyses are displayed in Table 9 and in Appendix C1. 
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Table 8. Grand Forks Flow-Frequency Analysis – Sensitivity to the Period of Record  

Sensitivity Analysis - Red River of the North at Grand Forks, ND  
% Chance of 
Exceedance 

Adopted: B17C B17C % 
Difference 

B17C % Difference 
1942-2009 1826, 1852, 

1882-2009 
1942-2016 

0.2 134,100 154,000 15% 146,700 9% 
0.5 116,300 127,300 9% 125,600 8% 

1 102,700 108,000 5% 109,800 7% 
2 89,000 89,700 1% 94,200 6% 
5 70,800 67,000 -5% 73,900 4% 

10 56,900 50,900 -11% 58,800 3% 
Mean 4.343 4.216 4.353 

Standard 
Deviation 

0.337 0.397 0.338 

Skew -0.463 -0.359 -0.394 
Number of Low 

Outliers 
2 18 2 

Systematic 
Record Length 

68 128 75 

Historic Record 
Length 

Not 
Applicable 

184 Not Applicable 

 

Table 9. Flow-frequency Analysis Sensitivity Analysis – Bulletin 17C vs Bulletin 17B 

Sensitivity Analysis - Red River of the North at Grand Forks, ND 
% Chance of Exceedance Adopted: B17C B17B % Difference  

1942-2009 1942-2009 
 

0.2 134,100 144,500 -8% 
0.5 116,300 122,400 -5% 

1 102,700 106,300 -4% 
2 89,000 90,600 -2% 
5 70,800 70,800 0% 

10 56,900 56,300 1% 
Statistics 

Mean 4.343 4.351  
Standard Deviation 0.337 0.320  

Skew -0.463 -0.293  
Number of Low Outliers 2 1  

Systematic Record Length 68 68  
Historic Record Length Not Applicable Not Applicable  

6.5. Sensitivity Analysis Results 
Applying the Bulletin 17C methodology results in a lower 1% annual instantaneous peak flow. One 
reason for this is because the Bulletin 17C methodology incorporates the application of the 
Multiple Grubbs Beck Test for low outliers, while the 17B methodology applies the Single Grubbs 
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Beck test for low outliers. Consequently, by applying the Multiple Grubbs Beck Test two low 
outliers are detected, while the Single Grubbs Beck Test only detects one low outlier.  
 
The critical recurrence interval for this study is the 1% annual exceedance probability event (100-
year). There is less than a 5% difference between the 1% events for the flow-frequency curves 
generated using Bulletin 17C and Bulletin 17B methodologies. There is also less than a 5% 
difference between the 1% event magnitudes generated using the period of record from 1942-
2009 versus the entire period of record (1826, 1852, 1882-2009). Adding flows for water years 
2010 through 2016 increases the 1% event by about 7%.  

6.6. Adopted Analysis 
Both observed, annual instantaneous streamflow data and continuous daily flow data is available 
for the period of record adopted for analysis at Grand Forks: 1942-2009. Station skew is adopted 
for annual instantaneous and volume frequency analysis. The volume frequency curves do not 
cross so the statistics associated with the observed data are adopted. Balanced hydrographs are 
generated based on the volume frequency analysis using both an excel spreadsheet and HEC-SSP 
version 2.1 (Reference 6). The 2006 event at Grand Forks is used as a pattern event to generate 
balanced hydrographs. The adopted annual instantaneous peak flow-frequency curve is displayed 
in Table 10 and in Appendix C1. Data used to generate the adopted, annual instantaneous peak 
flow-frequency relationship is also displayed in Appendix C1. The adopted volume-frequency 
analysis is displayed in Table 11 and Appendix C1. The adopted balanced hydrographs are 
displayed in Figure 4.  
 
Table 10. Annual Instantaneous Peak Flow-Frequency Analysis- Grand Forks, ND 

Bulletin 17C Analysis: Red River of the North at Grand Forks 
% Chance of 
Exceedance 

Annual Instantaneous Peak 
Flow-Frequency Curve (cfs) 

90% Confidence Band 
5% Confidence Limit 

(cfs) 
95% Confidence 

Limit (cfs) 
0.2 134,100 237,000 93,600 
0.5 116,300 185,700 86,300 

1 102,700 152,600 79,700 
2 89,000 123,600 71,900 
4 74,300 98,100 62,700 

10 56,900 69,000 48,400 
Summary Statistics 
Period of Record 1942-2009 Mean 4.343 
Systematic Events 68 Standard Deviation 0.337 
Low Outliers 2 Adopted (station) Skew -0.463 
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Table 11. Volume Frequency curve results – Grand Forks, ND 

Volume Frequency Relationships: Grand Forks, North Dakota- 1942-2009 
% Chance of 
Exceedance 

Durations 
Annual 

Instantaneous 
Peak (cfs) 

1-day (cfs) 3-day (cfs) 7-day 
(cfs) 

15-day 
(cfs) 

30-day 
(cfs) 

0.2 134,100 132,400 132,000 125,300 116,200 88,600 
0.5 116,300 114,900 114,400 109,100 99,900 75,900 

1 102,700 101,600 100,900 96,600 87,500 66,400 
2 89,000 88,100 87,400 83,900 75,100 56,900 
4 70,800 74,500 73,800 71,000 62,700 47,400 

10 56,900 56,400 55,700 53,500 46,500 35,100 
Statistics 

 Annual 
Instantaneous 

Peak (cfs) 

1-day (cfs) 3-day (cfs) 7-day 
(cfs) 

15-day 
(cfs) 

30-day 
(cfs) 

Mean 4.343 4.339 4.331 4.298 4.223 4.105 
Standard Dev 0.337 0.338 0.340 0.355 0.364 0.360 
Station Skew -0.463 -0.470 -0.465 -0.527 -0.473 -0.450 
Low Outliers  2 2 2 0 0 0 
Systematic 
Events 

68 68 68 68 68 68 
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Figure 4. Balanced Hydrograph Analysis 1942-2009 Red River of the North at Grand Forks, ND 

7. Red River at Oslo, Minnesota  

7.1. Background  
USGS gage 05083500 for the Red River of the North at Oslo, Minnesota is located 0.5 miles west 
of Oslo, Minnesota at River mile 271.2. The gage captures 31,200 square miles of drainage area.  
The Oslo gage captured daily discharge data continuously from 1936 to 1937 and between 1974 
and 1976. Between 1941 and 1947 the gage captured daily flows during high water periods only. 
Between 1948 and 1960 the gage was only operational during the spring and summer months. 
Between 2002 and present a gage records daily stages during the spring and summer months. 
Annual instantaneous peak stream flow records are available between 1936 and 1937, 1942 and 
1960 (excluding 1944 and 1946), 1966, 1969, 1978 and 1985 through present day.  

7.2. Annual Instantaneous Peak Record Extension 
Annual Instantaneous streamflow peaks are estimated for water years: 1944, 1946, 1961-1984 
(excluding 1966, 1969, and 1978). A MOVE.3 relationship with the Grand Forks USGS gaging 
station (USGS gage No. 05082500) is applied to fill-in the annual maximum streamflow record at 
Oslo, Minnesota. Both the USGS streamflow gages at Drayton and Grand Forks are considered for 
record extension. Grand Forks is adopted for the majority of flood years because Grand Forks has 
a more complete flow record and generates approximate flood peaks at Oslo which are more 
consistent with the flood peaks observed at Drayton and Grand Forks. When a linear comparison 
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is made between flood peaks at Grand Forks and Oslo it is found that the two sites are highly 
correlated (R2=0.98). A comparison of flows estimated using the adopted MOVE.3 equation to 
observed annual instantaneous flows is displayed in Appendix C1. During some water years flows 
are higher at Grand Forks than at Drayton. Hydrographs observed at Grand Forks, Oslo and 
Drayton are similar in shape.  

7.3. Regional Skew Assessment 
The annual instantaneous peak flow-frequency relationship for Oslo, Minnesota was generated 
using HEC-SSP version 2.1 (Reference 6). The initial flow-frequency distribution did not fit well 
with the flow-frequency distributions adopted for the Red River of the North at Grand Forks and 
the Red River of the North at Drayton. Because there is less observed streamflow data available at 
Oslo, Minnesota, a regional skew study is conducted using the station skews associated with the 
flow-frequency curves at Halstad, Grand Forks, Drayton, and Emerson. The station skew 
associated with the analytical fit to the observed peak flows at Fargo, North Dakota is also used to 
help inform regional skew. The station skew at Grand Forks, North Dakota is used to anchor the 
regional skew relationship. The adopted regional skew for the Red River of the North at Oslo, 
Minnesota is -0.427 (Mean Squared Error (MSE) of 0.006). Figure 5 indicates how regional skew 
was derived for Oslo, Minnesota.  
 

 
Figure 5. Derivation of Regional Skew Relationship for Oslo, Minnesota 

7.4. Adopted Analysis 

7.4.1. Adopted Oslo Annual Instantaneous Peak Flow-frequency Relationship 
The adopted annual instantaneous peak flow-frequency relationship for the Red River of the 
North at Oslo, Minnesota is displayed in Table 12 and Appendix C1. Data used to generate the 
annual instantaneous peak flow-frequency curve is displayed in Appendix C1. The annual 
instantaneous peak flow-frequency relationship for Oslo, Minnesota is derived using HEC-SSP 
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version 2.1 (Reference 6). The Bulletin 17C (Reference 12) approach is applied and the regional 
skew value is adopted.  
 
Table 12. Peak Flow-Frequency Relationship Red River of the North at Oslo, Minnesota  

Bulletin 17C Analysis: Red River of the North at Oslo, ND 
% Chance of 
Exceedance 

Annual Instantaneous Peak 
Flow-Frequency Curve (cfs) 

90% Confidence Band 
5% Confidence Limit 

(cfs) 
95% Confidence 

Limit (cfs) 

0.2 140,300 197,600 108,300 
0.5 121,100 165,200 95,400 
1 106,500 141,800 85,400 
2 92,000 119,300 75,000 
4 77,500 97,800 64,400 
10 58,400 71,000 49,600 

Summary Statistics 
Period of Record 1942-2009 Mean 4.358 

Systematic Events 68 Standard Deviation 0.333 
Low Outliers 0 Station Skew -0.481   

Adopted Regional Skew -0.427 

7.4.2. Record Extension for Volume-Frequency Analysis 
Daily flow data is unavailable for water years 1944, 1946, 1961-1973 and 1977-2009. During water 
years 1942-1943, 1945, and 1948-1949 only partial, peak flow hydrographs are available. During 
water years 1947, 1950-1960 and 1974-1976 continuous, daily streamflow records are available. 
Data available is indicated in Table 13.  
 
Table 13. Streamflow Hydrograph Resolution across Durations for Partial Flow Years – Oslo, MN 

Water Year Portion of the Peak Streamflow Hydrograph Available 
1-Day 3-Day 7-Day 15-Day 30-day 

1942 Yes Yes Yes Up to 10-day Up to 10-day 
1943 Yes Yes Yes Yes Up to 25-day 
1945 Yes Yes Yes Up to 10-day Up to 10-day 
1948 Yes Yes Up to 3-Day Up to 3-day Up to 3-day 
1949 Yes Yes Up to 3-Day Up to 3-day Up to 3-day 

 
To determine the annual maximum mean 1-day flow for water years 1944, 1946, 1961-1973 and 
1977-2009 a linear regression relationship is used, developed using observed, annual maximum 
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instantaneous peak flows and observed annual maximum mean daily flows. This regression 
relationship is displayed in Figure 6. 
 

 
Figure 6. Regression between Mean Daily Annual Maximum Flows and Annual Instantaneous Peak Flows- Oslo, 
Minnesota 

A combination of several different techniques is applied to determine the annual maximum mean 
flow for the 3-day, 7-day, 15-day and 30-day durations. For water years 2002 to 2009 daily stage 
data is available. A stage discharge rating curve is developed for Oslo, Minnesota and used to 
approximate a daily discharge record for water years 2002 to 2009 (see Figure 7). Where daily 
stage data is available, the resulting hydrograph is compared to observed data at Grand Forks and 
Drayton, as well as the flows associated with other durations at Oslo. If the rating curve based 
discharge is reasonable it is adopted. If the rating curve discharge is questionable for water years 
2002 to 2009, then the two methods listed below are applied.  
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Figure 7. Discharge – Stage rating curve for Oslo, MN 

The missing annual maximum mean 3-day, 7-day, 15-day, and 30-day flow records were initially 
filled in using the MOVE.3 approach. Record extension was evaluated using the USGS gage at 
Grand Forks. The Grand Forks USGS gaging station (USGS gage No. 05082500) is the long-term 
station on the Red River below the Canadian border and is just upstream of Oslo, Minnesota.  The 
annual maximum mean 3-day, 7-day, 15-day, and 30-day flow records at the Grand Forks are used 
to fill-in the records at Oslo. There is a strong, linear correlation between flows observed at Oslo 
and Grand Forks. The coefficient of determination (R2) is greater than 0.95 for the 3-day (0.98), 7-
day (0.99), 15-day (>0.99) and 30-day (0.99) durations. As indicated by the figures in Appendix C1, 
the MOVE.3 equation does a reasonable job replicating observed flow magnitudes at Oslo, 
Minnesota.  
 
The MOVE.3 approach facilitates a reasonable estimate of the 3-day, 7-day, 15-day, and 30-day 
annual maximum mean flow records for some of the water years for which daily data was missing, 
but for other years 3-day, 7-day, 15-day, and 30-day annual maximum mean flow records 
approximated using MOVE.3 exceeded the flood peaks associated with a shorter duration or did 
not make sense given the observed flood magnitudes at Grand Forks and Drayton for one or more 
duration. To approximate flows for the years where the MOVE equations and/or the discharge-
stage rating curve could not reasonably be applied to approximate flows at Oslo, two methods 
were applied and the average result was adopted to generate the volume frequency relationships.   

1. Method 1: Flows were approximated for all durations based on averaging the 
reduction ratios between the 1-day, 3-day, 7-day, 15-day and 30, day flows for 
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observed events (1937, 1941-1945, 1947-1960, 1974-1976, 2003-2017) at Oslo, 
Minnesota whose peak flows were similar in magnitude.  

2. Method 2: Flows were approximated for all durations based on the reduction 
ratios between the 1-day, 3-day, 7-day, 15-day and 30-day flows for the observed 
events at Grand Forks, North Dakota.  

The adopted volume-frequency analysis is displayed in Table 14 and in Appendix C1. The adopted 
balanced hydrographs are displayed in Figure 8. Volume-Frequency analysis is generated using a 
combination of observed and approximated daily flows. A regional skew assessment is carried out 
for each duration using the station skews associated with the volume-frequency curves at Grand 
Forks, Drayton, and Emerson. The station skew associated with the analytical volume frequency 
relationship for Fargo, North Dakota is also used to help inform regional skew. The station skew at 
Grand Forks, North Dakota is used to anchor the regional skew relationship for all five durations. 
The adopted regional skew values, as well as their associated mean squared error are displayed in 
Table 14. Balanced hydrographs are generated based on the volume frequency analysis using 
both an excel spreadsheet and HEC-SSP version 2.1 (Reference 6). The 2006 event at Oslo is used 
as a pattern event to generate balanced hydrographs. 
 
Table 14. Adopted Volume-Frequency Analysis for Oslo, Minnesota 

Volume Frequency Relationships: Oslo, Minnesota- 1942-2009 
% Chance of Exceedance Durations  

Annual 
Instantaneous 

Peak 

1-day 3-day 7-day 15-day 30-day 

0.2 140,300 136,100 131,800 122,200 111,900 93,800 
0.5 121,100 117,800 114,500 106,800 96,900 80,400 

1 106,500 103,900 101,200 94,800 85,500 70,300 
2 92,000 90,000 87,800 82,600 73,900 60,300 
4 77,500 76,000 74,300 70,200 62,200 50,300 

10 58,400 57,400 56,300 53,400 46,700 37,200 
Statistics  

Mean 4.358 4.350 4.340 4.312 4.240 4.127 
Standard Dev 0.333 0.334 0.337 0.343 0.353 0.363 
Station Skew -0.481 -0.484 -0.514 -0.496 -0.441 -0.430 
Adopted Regional Skew -0.427 -0.445 -0.469 -0.517 -0.492 -0.461 
Mean Squared Error 0.006 0.009 0.002 0.003 0.003 0.0005 
Low Outliers and Zero Flows 0 0 0 0 0 0 
Systematic Events 68 68 68 68 68 68 
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Figure 8. Adopted Balanced Hydrographs for Oslo, Minnesota 

8. Red River at Drayton, North Dakota  

8.1. Background 
The USGS streamflow gage at Drayton, North Dakota (USGS gage No. 05092000) is located at Red 
River of the North river mile 206.7. The drainage area captured by the gage is 34,800 square 
miles, this includes approximately 3,800 square miles in closed basins. The peak discharge of 
record at this site is 124,000 cfs. This flow was recorded on the 24th of April in 1997. 

8.2. Period of Record 
The period of record at this gage is 1936 to 1937, 1941 to present. Prior to 1949 the daily 
streamflow record at Drayton, North Dakota is fragmented. In April of 1897 a historic stage of 
approximately 41 feet was recorded at this site. Based on other recorded events at this gage, this 
is equivalent to a flow of between 50,000 and 60,000 cfs.  This stage has since been exceeded in 
1950, 1966, 1969, 1978, 1979, 1996, 1997, 1999, 2001, 2006, 2009, 2010, and 2011.  
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8.3. Adopted Analysis 

8.3.1. Annual Instantaneous Peak Streamflow Analysis 
The adopted annual instantaneous peak flow-frequency curve and volume frequency curve 
relationships at Drayton, North Dakota are generated using HEC-SSP version 2.1 (Reference 6). 
The Bulletin 17C methodology is applied (Reference 12). Station skew is adopted for annual 
instantaneous flow-frequency analysis. Observed annual instantaneous peak streamflow data is 
available for the period of record from 1942-2009. The adopted annual instantaneous peak flow-
frequency curve is displayed in Table 15 and Appendix C1. Data used to generate the annual 
instantaneous peak flow-frequency relationship is also displayed in Appendix C1.  
 
Table 15. Flow-Frequency Analysis- Red River of the North at Drayton, North Dakota 

Bulletin 17 C Analysis: Red River of the North at Drayton, ND 
% Chance of 
Exceedance 

 Annual Instantaneous 
Peak Flow-Frequency 

Curve (cfs) 

90% Confidence Band 
5% Confidence 

Limit (cfs) 
95% Confidence 

Limit (cfs) 

0.2 146,400 261,600 104,300 
0.5 126,600 203,400 95,400 

1 111,700 166,300 87,600 
2 96,800 134,100 78,700 
4 82,000 106,200 68,500 

10 62,300 75,100 53,200 
Summary Statistics 

Period of Record 1942-2009 Mean 4.404 
Systematic Events 68 Standard Deviation 0.317 

Low Outliers 4 Adopted (station) 
Skew 

-0.399 

 

8.3.2. Volume Frequency Analysis 
Between the 2nd of April 1949 and the end of water year 2009 the daily streamflow record at 
USGS gage 05092000 for the Red River of the North at Drayton, North Dakota is continuous. The 
entire peak flow hydrograph is captured in water year 1949. Prior to 1949, only portions of the 
peak flow hydrographs are captured. For each water year between 1942 and 1948 the 1-day and 
3-day flows are captured. For all water years except 1945 the 7-day flow is captured. The 15-day 
flow is not captured in water years 1942, 1944-46, and 1948. The 30-day flow is not captured 
between 1942 and 1948. The durations encompassed within the observed streamflow record are 
indicated in Table 16.   
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Table 16. Peak Flow Hydrograph Resolution at Drayton, North Dakota 1942-1948 

Water Year 1-Day 3-Day 7-Day 15-Day 30-Day 
1942 Yes Yes Yes Top 14 Days Top 14 Days 
1943 Yes Yes Yes Yes Top 19 Days 
1944 Yes Yes Yes Top 11 Days Top 11 Days 
1945 Yes Yes Top 3 Days Top 3 Days Top 3 Days 
1946 Yes Yes Yes Top 12 Days Top 12 Days 
1947 Yes Yes Yes Yes Top 23 Days 
1948 Yes Yes Yes Top 10 Days Top 10 Days 

 
Flows are approximated for the years where portions of the hydrograph were incomplete by 
graphically extending the hydrographs using the available data on the rising limb at Drayton and 
observed streamflow hydrographs at Grand Forks and Emerson. Results based on the graphical 
extension are compared to results estimated using MOVE.3 generated based on both the long-
term record at Grand Forks and Emerson for reasonableness. Flow hydrographs used to augment 
the Drayton hydrographs are indicated in Figure 9.  
 

 
Figure 9. Hydrograph Extension at Drayton, North Dakota versus Observed Streamflow at Grand Forks and Drayton 

The volume frequency curves generated for Drayton, North Dakota do not cross so the statistics 
associated with the observed and approximated daily data are adopted. The adopted volume-
frequency analysis is displayed in Table 17 and Appendix C1.   
 
Balanced hydrographs are generated based on the volume frequency analysis using both an excel 
spreadsheet and HEC-SSP version 2.1(Reference 6). The 2006 event at Drayton is used as a 
pattern event to generate balanced hydrographs. The adopted balanced hydrographs are 
displayed in Figure 10.  
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Table 17. Adopted Volume-Frequency Relationship for Drayton, North Dakota  

Volume Frequency Relationships: Drayton, North Dakota- 1942-2009 
% Chance of Exceedance Durations  

Annual 
Instantaneous 

Peak 

1-day 3-day 7-day 15-day 30-day 

0.2 146,400 142,600 135,500 130,100 114,700 104,400 
0.5 126,600 123,900 119,100 114,500 101,800 90,300 

1 111,700 109,700 106,300 102,400 91,400 79,500 
2 96,800 95,500 93,200 89,800 80,500 68,600 
4 82,000 81,100 79,800 76,900 69,100 57,700 

10 62,300 62,000 61,500 59,200 53,100 43,100 
Statistics  

Mean 4.404 4.402 4.393 4.371 4.305 4.194 
Standard Dev 0.317 0.318 0.326 0.331 0.351 0.362 
Station Skew -0.399 -0.431 -0.514 -0.534 -0.617 -0.504 
Low Outliers and Zero Flows 4 4 4 5 5 0 
Systematic Events 68 68 68 68 68 68 

 

 
Figure 10. Adopted Balanced Hydrographs at Drayton, ND 
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9. Red River at Emerson, Manitoba  

9.1. Background 
The international gaging station at Emerson, Manitoba (USGS gage No. 05102500) has a continuous 
streamflow record starting in 1913. The gage at Emerson is 0.8 miles downstream of the international 
boundary, and 3.6 miles downstream from the Pembina River. The gage is located at river mile 154.3. 
The gage at Emerson captures 40,200 square miles of drainage area. Records at this site are 
maintained by the Water Survey of Canada.  

9.2. Adopted Analysis 
The adopted annual instantaneous peak flow-frequency curve for Emerson, Manitoba is displayed 
in Table 18 and Appendix C1. The data used to generate the peak flow-frequency relationship is 
also displayed in Appendix C1. Station skew is adopted and observed annual instantaneous peak 
streamflow data is available for the entire period of record analyzed.  
 
Table 18. Adopted Annual Instantaneous Peak Streamflow-frequency curve for Emerson, Manitoba 

Bulletin 17 C Analysis: Red River of the North at Emerson, Manitoba 
% Chance of 
Exceedance 

 Annual Instantaneous 
Peak Flow-Frequency 

Curve (cfs) 

90% Confidence Band 
5% Confidence 

Limit (cfs) 
95% Confidence 

Limit (cfs) 

0.2 161,200 325,500 116,200 
0.5 136,100 240,000 103,500 

1 118,100 188,800 93,200 
2 100,900 146,800 82,300 
4 84,500 112,600 70,700 

10 63,700 77,500 54,600 
Summary Statistics 

Period of Record 1942-2009 Mean 4.446 
Systematic Events 68 Standard Deviation 0.284 

Low Outliers 6 Adopted (station) 
Skew 

-0.161 

 

9.2.1. Volume Frequency Analysis 
The period of record of 1942-2009 is used to generate the volume-frequency relationship for Emerson, 
Manitoba. Annual maximum mean daily flow data is available for all durations (1-day, 3-day, 7-day, 15- 
day and 30-day) considered for the period of record between 1942 and 2009. Initially, the Multiple 
Grubbs Beck test indicated 22 low outliers for the 30-day duration frequency curve at Emerson, 
Manitoba. The 30-day frequency curve derived excluding these 22 low flow values crosses the 15-day 
duration frequency curve at more frequent exceedance probabilities and results in a curve that does 
not nest well with the family of volume-frequency curves. To be consistent with how the 15-day 
frequency curve is derived, no low outliers are excluded from the 30-day analysis. The adopted 
volume-frequency relationships derived for Emerson, Manitoba are displayed in Table 19 and 
Appendix C1.  Balanced hydrographs are generated based on the volume frequency analysis using 
both an excel spreadsheet and HEC-SSP version 2.1 (Reference 6). The 2006 event at Emerson is 
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used as a pattern event to generate balanced hydrographs. The adopted balanced hydrographs 
are displayed in Figure 11.  
 
 
Table 19. Volume Frequency Relationship for Emerson, Manitoba  

Volume Frequency Relationships: Emerson, Manitoba- 1942-2009 
% Chance of Exceedance Durations  

Annual 
Instantaneous 

Peak 

1-day 3-day 7-day 15-day 30-day 

0.2 161,200 160,200 155,700 141,100 127,900 117,200 
0.5 136,100 135,300 132,400 122,800 113,200 101,900 

1 118,100 117,500 115,500 108,900 101,500 90,100 
2 100,900 100,400 99,100 95,000 89,300 78,000 
4 84,500 84,000 83,300 80,900 76,600 65,900 

10 63,700 63,400 63,100 62,200 58,900 49,500 
Statistics  

Mean 4.446 4.445 4.438 4.416 4.355 4.260 
Standard Dev 0.284 0.283 0.288 0.307 0.346 0.359 
Station Skew -0.161 -0.160 -0.216 -0.409 -0.596 -0.523 
Low Outliers and Zero Flows 6 6 6 6 0 0 
Systematic Events 68 68 68 68 68 68 
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Figure 11. Adopted Balanced Hydrographs for Emerson, Manitoba 
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Date Peak (cfs) Date Peak (cfs) Date Peak (cfs) Date Peak (cfs)
06May1942 5,060 14Jun1959 3,780 01Apr1976 9,950 03Aug1993 22,500
12Apr1943 21,800 11Apr1960 8,600 08May1977 2,050 04Apr1994 16,600
14Jul1944 7,200 23May1961 1,900 10Apr1978 28,800 01Apr1995 23,300
24Mar1945 13,300 17Jun1962 15,900 23Apr1979 42,000 19Apr1996 25,200
30Mar1946 10,000 17Jun1963 5,850 06Apr1980 12,900 20Apr1997 71,500
17Apr1947 24,500 24Apr1964 7,820 26May1981 3,920 21May1998 19,200
11Apr1948 16,000 18Apr1965 25,600 10Apr1982 13,200 30Mar1999 18,100
08Apr1949 7,710 28Mar1966 26,800 07Jul1983 7,800 27Jun2000 29,100
12May1950 18,700 24Apr1967 13,800 02Apr1984 21,900 15Apr2001 37,900
11Apr1951 12,900 20Jun1968 2,350 14May1985 10,400 15Jul2002 15,000
19Apr1952 20,700 19Apr1969 35,700 01Apr1986 17,400 01Jul2003 11,900
23Jun1953 13,600 11Apr1970 11,600 31Mar1987 9,860 30Mar2004 18,200
14Apr1954 4,660 02Apr1971 5,480 29Mar1988 5,010 17Jun2005 21,300
07Apr1955 7,200 25Mar1972 16,200 10Apr1989 26,000 07Apr2006 43,100
16Apr1956 12,900 19Mar1973 6,200 11Apr1990 2,880 21Jun2007 24,700
25Jun1957 4,980 17Apr1974 17,800 09Jul1991 3,700 15Jun2008 15,300
09Jul1958 4,420 11Jul1975 39,900 10Mar1992 5,200 31Mar2009 67,400

Red River of the North at Halstad, Minnesota: USGS Annual Instantaneous Peak Flows
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Date Peak (cfs) Date Peak (cfs) Date Peak (cfs) Date Peak (cfs)
06Apr1942 11,000 07Apr1959 6,300 04Apr1976 23,600 04Aug1993 26,200
13Apr1943 28,200 13Apr1960 17,200 11Apr1977 2,190 13Jul1994 26,800
14Aug1944 10,400 29Mar1961 3,400 12Apr1978 54,200 01Apr1995 34,800
30Mar1945 21,300 17Jun1962 26,600 24Apr1979 82,000 22Apr1996 58,400
28Mar1946 22,000 12Apr1963 10,800 07Apr1980 22,000 19Apr1997 114,000
22Apr1947 35,000 20Apr1964 13,200 02Jul1981 6,710 22May1998 29,700
17Apr1948 34,200 18Apr1965 52,000 13Apr1982 23,900 01Apr1999 50,000
11Apr1949 15,200 05Apr1966 55,000 07Apr1983 14,300 27Jun2000 31,500
13May1950 54,000 05Apr1967 28,200 03Apr1984 32,300 15Apr2001 57,800
13Apr1951 23,600 12Jun1968 9,420 20May1985 17,800 14Jul2002 38,000
21Apr1952 23,900 17Apr1969 53,500 03Apr1986 31,900 29Jun2003 17,000
26Jun1953 14,600 29Apr1970 23,700 30Mar1987 17,500 02Apr2004 34,300
16Apr1954 9,620 12Apr1971 15,800 06Apr1988 8,500 19Jun2005 38,300
11Apr1955 15,400 18Apr1972 31,400 14Apr1989 39,600 07Apr2006 72,800
24Apr1956 21,400 21Mar1973 11,300 06Apr1990 5,040 23Jun2007 35,300
03Jul1957 14,700 20Apr1974 34,300 09Jul1991 4,870 17Jun2008 17,700
10Jul1958 7,500 15Jul1975 42,800 13Mar1992 8,000 02Apr2009 76,700

Red River of the North at Grand Forks, North Dakota: USGS Annual Instantaneous Peak Flows
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Date Peak (cfs) Data Source Date Peak (cfs) Data Source Date Peak (cfs) Data Source Date Peak (cfs) Data Source
05Apr1942 11,900 USGS 08Apr1959 7,200 USGS 04Apr1976 27,600 MOVE.3 Grand Forks 08Apr1993 28,100 USGS
14Apr1943 31,500 USGS 13Apr1960 17,100 USGS 11Apr1977 3,400 MOVE.3 Grand Forks 14Jul1994 26,600 USGS

1944 11,213 MOVE.3 Grand Forks 1961 3,525 MOVE.3 Drayton 13Apr1978 56,200 USGS 02Apr1995 35,000 USGS
27Mar1945 24,000 USGS 1962 27,170 MOVE.3 Grand Forks 24Apr1979 92,900 MOVE.3 Grand Forks 23Apr1996 59,200 USGS

28Mar1946 22,719 MOVE.3 Grand Forks 1963 11,619 MOVE.3 Grand Forks 07Apr1980 22,400
Interpolate - 

Drayton/Grand Forks 24Apr1997 120,000 USGS
23Apr1947 33,800 USGS 1964 14,038 MOVE.3 Grand Forks 02Jul1981 7,520 MOVE.3 Grand Forks 23May1998 29,000 USGS

18Apr1948 41,400 USGS 1965 51,552
Interpolate - 

Drayton/Grand Forks 13Apr1982 35,500 MOVE.3 Grand Forks 03Apr1999 53,000 USGS
11Apr1949 18,700 USGS 05Apr1966 59,000 USGS 07Apr1983 21,300 MOVE.3 Grand Forks 30Jun2000 31,000 USGS

11May1950 63,000 USGS 1967 28,708 MOVE.3 Grand Forks 03Apr1984 32,400
Interpolate - 

Drayton/Grand Forks 17Apr2001 51,000 USGS
13Apr1951 24,800 USGS 1968 10,214 MOVE.3 Grand Forks 21May1985 17,700 USGS 16Jul2002 34,000 USGS
22Apr1952 24,800 USGS 20Apr1969 56,500 USGS 04Apr1986 29,700 USGS 01Jul2003 16,500 USGS
26Jun1953 14,900 USGS 1970 24,370 MOVE.3 Grand Forks 31Mar1987 27,600 USGS 02Apr2004 36,000 USGS
16Apr1954 9,790 USGS 1971 16,630 MOVE.3 Grand Forks 07Apr1988 13,900 USGS 20Jun2005 36,100 USGS

11Apr1955 16,400 USGS 1972 31,250
Interpolate - 

Drayton/Grand Forks 15Apr1989 41,800 USGS 07Apr2006 77,600 USGS
25Apr1956 22,500 USGS 1973 12,125 MOVE.3 Grand Forks 06Apr1990 5,080 USGS 24Jun2007 37,200 USGS
03Jul1957 14,900 USGS 1974 34,526 MOVE.3 Grand Forks 11Jul1991 4,940 USGS 18Jun2008 18,000 USGS

11Jul1958 7,890 USGS 1975 43,400
Interpolate - 

Drayton/Grand Forks 16Mar1992 8,200 USGS 02Apr2009 80,600 USGS

Red River of the North at Oslo, Minnesota: USGS Annual Instantaneous Peak Flows
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Red River of the North at Oslo, MN
USGS Gage ID 05083500
Flow-Frequency Analysis

Annual Instantaneous Peak Flows
Hirsch-Stedinger Plotting Positions
Total Drainage Area:  31, 200 sq. mi

Summary Statistics
Solution: Analytical-Bulletin 17C
Distribution: Expected Moments 
Algorithm
Plotting Positions: Hirsch-Stedinger 
(observed), Median (low outlier)

Mean: 4.358
Standard Deviation: 0.333 
Station Skew: -0.481
Adopted Regional Skew: -0.427

Number of Events
Historic Events: 0
Low Outliers: 0

Years
Systematic Record: 68 Years
Historic Period:  Not used
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Oslo: MOVE.3 with Grand Forks, North Dakota 

 

 

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Fl
ow

 (c
fs

)

Year

Estimated and Observed Annual Instantaneous Peak Flows at 
Oslo, MN

MOVE.3 Est. Flows at Oslo, MN Observed Flows Oslo, MN

0

20,000

40,000

60,000

80,000

100,000

120,000

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Fl
ow

 (c
fs

)

Year

Estimated and Observed Flows Red River at Oslo, MN- 3-Day 
Duration

MOVE.3 Est. Flows at Oslo, MN Observed Flows at Oslo, MN

Appendix C1: Results (of Appendix C) C-1-15



 

 

0

20,000

40,000

60,000

80,000

100,000

120,000

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Fl
ow

 (c
fs

)

Year

Estimated and Observed Flows Red River at Oslo, MN- 7-Day 
Duration

MOVE.3 Est. Flows at Oslo, MN Observed Flows at Oslo, MN

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Fl
ow

 (c
fs

)

Year

Estimated and Observed Flows Red River at Oslo, MN 15-Day 
Duration

MOVE.3 Est. Flows at Oslo, MN Observed Flows at Oslo, MN

Appendix C1: Results (of Appendix C) C-1-16



 

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Fl
ow

 (c
fs

)

Year

Estimated and Observed Flows Red River at Oslo, MN 30-day 
Duration

MOVE.3 Est. Flows at Oslo, MN Observed Flows at Oslo, MN

Appendix C1: Results (of Appendix C) C-1-17



Date Peak (cfs) Date Peak (cfs) Date Peak (cfs) Date Peak (cfs)
08Apr1942 21,900 09Apr1959 11,200 08Apr1976 27,600 15Aug1993 27,600
18Apr1943 28,700 15Apr1960 24,700 10Apr1977 3,400 07Apr1994 27,900
19Apr1944 12,300 01Apr1961 3,600 17Apr1978 56,200 02Apr1995 37,800
03Apr1945 24,600 25Apr1962 32,300 29Apr1979 92,900 26Apr1996 61,300
31Mar1946 23,000 13Apr1963 12,900 11Apr1980 22,400 25Apr1997 124,000
29Apr1947 29,300 21Apr1964 15,600 04Jul1981 7,520 25May1998 28,400
22Apr1948 57,000 23Apr1965 47,200 18Apr1982 35,500 10Apr1999 59,500
13Apr1949 27,900 09Apr1966 67,500 10Apr1983 21,300 01Jul2000 29,300
13May1950 86,500 09Apr1967 32,200 07Apr1984 32,400 20Apr2001 55,300
16Apr1951 24,600 24Jul1968 12,500 22May1985 17,700 19Jun2002 34,800
26Apr1952 23,900 20Apr1969 59,000 08Apr1986 29,700 03Jul2003 15,300
27Jun1953 14,700 30Apr1970 31,700 08Apr1987 27,600 03Apr2004 37,400
16Apr1954 11,100 12Apr1971 23,400 08Apr1988 13,900 22Jun2005 31,200
12Apr1955 18,000 21Apr1972 31,100 20Apr1989 41,800 11Apr2006 78,800
28Apr1956 28,000 26Mar1973 13,400 08Apr1990 5,080 24Jun2007 30,400
05Jul1957 14,100 26Apr1974 43,900 12Jul1991 4,940 18Jun2008 18,600
13Jul1958 7,850 05May1975 44,000 17Mar1992 8,800 06Apr2009 85,500

Red River of the North at Drayton, North Dakota: USGS Annual Instantaneous Peak Flows
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Flow-Frequency Analysis
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Water Years in Record: 1942-2009

Total Drainage Area:  34, 800 sq. mi

Summary Statistics
Solution: Analytical-Bulletin 17C
Distribution: Expected Moments 
Algorithm
Plotting Positions: Hirsch-Stedinger 
(observed), Median (low outlier)

Mean: 4.404
Standard Deviation: 0.173 
Station Skew: -0.399

Number of Events
Historic Events: 0
Low Outliers: 4

Years
Systematic Record: 68 Years
Historic Period:  Not Used
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Summary 
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Date Peak (cfs) Date Peak (cfs) Date Peak (cfs) Date Peak (cfs)
10Apr1942 27,900 10Apr1959 15,700 06Apr1976 32,900 16Aug1993 31,900
20Apr1943 29,500 13Apr1960 30,500 10Apr1977 4,590 09Apr1994 26,900
19Apr1944 12,300 31Mar1961 4,320 18Apr1978 50,600 02Apr1995 42,400
04Apr1945 29,400 25Apr1962 33,400 01May1979 92,700 26Apr1996 66,700
05Apr1946 24,100 13Apr1963 13,800 09Apr1980 22,000 26Apr1997 133,000
28Apr1947 28,400 25Jun1964 17,500 04Jul1981 6,150 12Mar1998 27,500
27Apr1948 51,800 26Apr1965 46,200 18Apr1982 34,000 13Apr1999 58,600
15Apr1949 29,200 11Apr1966 66,800 09Apr1983 24,600 02Jul2000 31,800
13May1950 95,500 09Apr1967 33,600 08Apr1984 30,200 25Apr2001 58,300
15Apr1951 26,000 24Jul1968 13,900 29Mar1985 16,700 18Jun2002 35,700
24Apr1952 24,200 26Apr1969 54,700 07Apr1986 34,200 03Jul2003 14,200
28Jun1953 14,500 29Apr1970 39,600 09Apr1987 37,400 07Apr2004 45,600
17Apr1954 11,500 16Apr1971 26,600 08Apr1988 15,700 05Jul2005 38,200
10Apr1955 24,000 24Apr1972 30,700 23Apr1989 42,700 13Apr2006 73,500
27Apr1956 33,800 27Mar1973 14,700 10Apr1990 5,510 04Apr2007 34,600
04Jul1957 15,300 28Apr1974 43,500 12Jul1991 5,690 19Jun2008 18,000
12Jul1958 7,940 08May1975 42,800 04Apr1992 15,800 15Apr2009 87,900

Red River of the North at Emerson, Manitoba: USGS Annual Instantaneous Peak Flows
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Summary Statistics
Solution: Analytical-Bulletin 17C
Distribution: Expected Moments 
Algorithm
Plotting Positions: Hirsch-Stedinger 
(observed), Median (low outlier)

Mean: 4.446
Standard Deviation: 0.284 
Station Skew: -0.161

Number of Events
Historic Events: 0
Low Outliers: 6
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Systematic Record: 68 Years
Historic Period:  Not Used
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