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DEFINITION OF TERMS

Climatic vear is the 12-month period April 1 through March 31. The climatic year is designated by
the calendar year in which it begins.

Cubic foot per second (ft3/s) is the rate of discharge representing a volume of 1 cubic foot passing a
given point during 1 second and is equivalent to 7.48 gallons per second or 448.8 gallons per minute or
0.02832 cubic meters per second.

Discharge is the volume of water in a stream at a given point and for a given period of time.
Discharge is often used interchangeable with the term "streamflow".

Drainage area is the area, measured in a horizontal plane, enclosed by a topographic divide from
which direct surface runoff from precipitation normally drains by gravity into the stream upstream from
the station. Figures of drainage area given herein include all closed basins, or noncontributing areas,
within the area unless otherwise specified.

Drainage basin is a part of the surface of the earth that is occupied by a drainage system, which
consists of a surface stream or a body of impounded surface water together with all tributary surface
streams and bodies of impounded surface water.

Gage height is the water-surface elevation referred to some arbitrary gage datum. Gage height is often
used interchangeable with the more general term "stage", although gage height is more appropriate when
used with a reading on a gage.

Gaging station is a particular site on a stream, canal, lake, or reservoir where systematic observations
of hydrologic data are obtained.

Ground water is the water in the ground that is in the zone of saturation, from which wells, springs,
and ground-water runoff are supplied.

Hydrologic unit is a geographic area representing part or all of a surface drainage basin or distinct
hydrologic feature as delineated by the Office of Water Data Coordination on the State Hydrologic Unit
Maps; each hydrologic unit is identified by an eight-digit number.

Instantaneous discharge is the discharge at a particular instant of time.
Mean is the arithmetic average of a list of values.
Mean discharge is the arithmetic mean of individual discharges during a specific period.

Period of record is the time during which a stream-gaging station is in operation and for which the
records are published.

Probability of occurrence is the likelihood that an event will occur. Probabilities are generally
expressed as a decimal number between O and 1. If the probability is 0, the event will not occur; if the
probability is 1, the event will occur absolutely. Probability also can be expressed as a percent, where 0
percent corresponds to 0 probability and 100 percent corresponds to a probability of 1.

Recurrence interval is the average time interval between occurrences of a hydrologic event of a given
or greater magnitude, usually expressed in years.



Regulation is the artificial manipulation of the flow of a stream.

Stage see "gage height"

Standard deviation is a measure of the variability of the values in a list of values.
Stream-gaging station is a particular site on a stream where a record of discharge is obtained.
Streamflow see "discharge”

Surface water is the water on the surface of the earth.

Water year is the 12-month period October 1 through September 30. The water year is designated by
the calendar year in which it ends and which includes 9 of the 12 months.



STREAMFLOW CHARACTERISTICS OF
STREAMS IN THE UPPER RED RIVER OF
THE NORTH BASIN, NORTH DAKOTA,
MINNESOTA, AND SOUTH DAKOTA

By Gregg J. Wiche and Tara Williams-Sether

ABSTRACT

Statistical summaries of streamflow data for all active and inactive gaging stations for the
Red River Basin upstream of and including Halstad, Minnesota, are presented in this report. The
summaries for each streamflow-gaging station include (1) manuscript (station description),

(2) graph of the annual mean discharge for the period of record, (3) statistics of monthly and
annual mean discharges, (4) graph of the annual flow duration, (5) monthly and annual flow
duration, (6) probability of annual high discharges, (7) probability of annual low discharges,
(8) probability of seasonal low discharges, (9) annual peak discharge and corresponding gage
height for the period of record, and (10) monthly and annual mean discharges for the period of
record.

INTRODUCTION

A part of the mission of the United States Geological Survey is the collection of systematic data to
determine the quantity as well as the quality and use of surface and ground water. A total of 7,292
streamflow-gaging stations (as of 1994) were operated by the U. S. Geological Survey in the United States,
Puerto Rico, and the Trust Territories of the Pacific Islands (Wahl and others, 1995). Of the 7,292
streamflow-gaging stations, 60 were operated in the Red River Basin upstream of Emerson, Manitoba,
excluding the Devils Lake Basin.

At streamflow-gaging stations, the water level in the river is monitored continually. A relation
between water level and discharge is developed by making periodic discharge measurements throughout
the range in water level. This relation is referred to as a station rating. A continuous record of streamflow
is computed for each gaging station by using the water level record and the station rating.

Knowledge of the magnitude and time distribution of streamflow is essential for all aspects of water
management and environmental planning. Federal, State, and local agencies responsible for the
development and management of North Dakota’s surface-water resources use this knowledge for making
safe, economical, and environmentally sound water-resource planning decisions.

Streamflow statistics published in annual state water reports by the U. S. Geological Survey include
records of daily mean discharge, annual high and low discharge, and annual mean discharge. Other
statistics can be retrieved from U.S. Geological Survey computer files. Water resource managers must go
to various sources to obtain the necessary statistics. These sources may only include active gaging stations
listed in the most recent annual report and, thus, overlook information available for many inactive gaging
stations.



The purpose of this report is to provide a comprehensive publication summarizing streamflow
characteristics for all active and inactive gaging stations for the Red River Basin upstream of and including
Halstad, Minnesota, excluding the Devils Lake Basin. Active and discontinued gaging stations that have a
least 10 years of record are listed in table 1 and their locations are shown in figure 1.

Table 1. List of streamflow-gaging stations for which streamflow statistics are published in this report

Station

Station name
number

05030000 Otter Tail River near Detroit Lakes, MN

05030500 Otter Tail River near Elizabeth, MN

05040000 Pelican River near Detroit Lakes, MN

05040500 Pelican River near Fergus Falls, MN

05046000 Otter Tail River below Orwell Dam near Fergus Falls, MN

05047500 Mustinka ditch above West Branch Mustinka River near Charlesville, MN
05048000 Mustinka ditch below West Branch Mustinka River near Charlesville, MN
05048500 West Branch Mustinka River below Mustinka Ditch near Charlesville, MN
05049000 Mustinka River above Wheaton, MN

05050000 Bois de Sioux River near White Rock, SD

05050500 Bois de Sioux River near Fairmont, ND
05051000 Rabbit Creek at Campbell, MN
05051500 Red River of the North at Wahpeton, ND
05051522 Red River of the North at Hickson, ND
05051600 Wild Rice River near Rutland, ND

05051700 Wild Rice River near Cayuga, ND
05053000 Wild Rice River near Abercrombie, ND
05054000 Red River of the North at Fargo, ND
05054500 Sheyenne River above Harvey, ND
05055000 Sheyenne River near Harvey, ND

05055100 North Fork Sheyenne River near Wellsburg, ND
05055200 Big Coulee near Maddock, ND

05055500 Sheyenne River at Sheyenne, ND

05056000 Sheyenne River near Warwick, ND

05057000 Sheyenne River near Cooperstown, ND

05057200 Baldhill Creek near Dazey, ND
05058000 Sheyenne River below Baldhill Dam, ND
05058500 Sheyenne River at Valley City, ND
05058700 Sheyenne River at Lisbon, ND

05059000 Sheyenne River near Kindred, ND

05059500 Sheyenne River at West Fargo, ND
05059600 Maple River near Hope, ND
05059700 Maple River near Enderlin, ND
05060000 Maple River near Mapleton, ND
05060500 Rush River at Amenia, ND

05061000 Buffalo River near Hawley, MN
05061500 South Branch Buffalo River at Sabin, MN
05062000 Buffalo River near Dilworth, MN
05062200 Elm River near Kelso, ND

05062500 Wild Rice River at Twin Valley, MN

05064000 Wild Rice River at Hendrum, MN
05064500 Red River of the North at Halstad, MN
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Figure 1. Location of streamflow-gaging stations for which streamflow statistics are published in this report.



HISTORY OF THE STREAM-GAGING PROGRAM IN NORTH DAKOTA

Much of the history of the stream-gaging program in North Dakota outlined in this report was written
by Crosby (1970). However, the number of streamflow-gaging stations given in figure 2 may differ from
the number given by Crosby (1970) because the type of gaging stations included may differ. The
collection of systematic streamflow data began in 1882 when a gaging station was established on the Red
River of the North at Grand Forks. This gaging station was a stage station; however, infrequent discharge
measurements were made for navigational purposes. Stage data were obtained on the Missouri River at
Bismarck in 1881-82 and in 1886-89 by the Missouri River Commission. As result of the National
Reclamation Act of 1902 and the disastrous flood in 1897 in the Red River of the North Basin, the U.S.
Geological Survey, in cooperation with the state of North Dakota, established and operated streamflow-
gaging stations from 1901-09 (fig. 2). Additional interest was created as problems with Canada
concerning the division of waters along the international boundary resulted in the formation of the
International Joint Commission in 1912. Eight streamflow-gaging stations were in operation in 1925 when
State cooperation was discontinued (fig. 2). Only five federally operated gaging stations were continued.
State cooperation resumed in 1931, but funds were limited from 1934-38. However, the Rivers and
Harbors Act of 1927 and the Flood Control Acts of 1928 and 1936 resulted in the U.S. Amy Corps of
Engineers supporting a large expansion of the stream-gaging program. Forty-one gaging stations were in
operation when the North Dakota-South Dakota U.S. Geological Survey Office was created on October 16,
1944. Plans for the coordinated development of the waters of the Missouri River Basin, with respect to
flood control, navigation, power, and irrigation, were formulated in 1943-44 by the U.S. Ammy Corps of
Engineers, the Bureau of Reclamation, and the States in the Basin. These plans resulted in a rapid increase
in the stream-gaging program, and, by 1947, 64 gaging stations were in operation. The number of gaging
stations grew steadily from the late 1940°s until the late 1960’s, and, by 1969, 109 gaging stations were in
operation.

During 1969-76, the number of gaging stations in operation remained relatively stable. During the
1970’s, the U.S. Geological Survey established 25 additional gaging stations to monitor the quantity and
quality of streamflow in drainage basins underlain by strippable lignite deposits (Haffield, 1981). By
1979, about 145 gaging stations were in operation in North Dakota. During 1981-83, the number of
gaging stations in operation declined rapidly, and, during 1984-87, the number declined slowly to about
110. Since 1987, the number of gaging stations in operation has been relatively stable at about 105 to 110.

EXPLANATION OF STATION SUMMARIES

Station summaries are presented so that each station description and tables of streamflow statistics and
probabilities of occurrence are presented in the same order and format for each gaging station, including
the same relative placement of the pages. Because the tables were created by "data retrievals"” or statistical
program results, significant figures were not rounded to U.S. Geological Survey standards. The order of
presentation is as follows:

manuscript (station description),

graph of the annual mean discharge for the period of record,

table of statistics of monthly and annual mean discharges,

graph of the annual flow duration,

table of monthly and annual flow duration,

table of probability of annual high discharges,

table of probability of annual low discharges,

table of probability of seasonal low discharges,

table of annual peak discharge and corresponding gage height for the period of record, and
table of monthly and annual mean discharges for the period of record.

SN P RO ol o

—

4



¥6-1061 ‘BI0eq YUON Ui suopnels Buibeb-mojweans Jo sequnp *Z 8inbi4

ury
©0
]
o

0664
G861
0861
Si61
0464
G961
0961
§S64
| 0561
Sv61
ov6l
SE61
0e6i
S261

il

RSN NN AN NN R NN RN NN SRR RN NN NN NN NN AN NN N AN AN

Si6l
1 0L61
0061

0¢

0og

oy

0S

09

0L

08

06

001

Ot

(4

0El

ovi

051

SNOILLVLS ONIDVDO 40 H38WNN



Where both pre-regulation and post-regulation statistics are presented for a gaging station, the
manuscript, graph of annual mean discharges, table of annual peak discharges and corresponding gage
heights, and table of monthly and annual mean discharges are presented with the pre- and post-regulation
data. The respective tables for the post-regulation data are presented in the same relative page formats.

Manuscripts

The location, drainage area, period of record, and other information about each streamflow-gaging
station included in this report are presented in manuscript form. This information is compiled from
records maintained by the U.S. Geological Survey and generally is presented in the same format as
published in the annual state water report. The following comments clarify information presented under
the various headings of the station manuscript.

LOCATION.--Information on gaging station location is obtained from the most accurate maps
available and is furnished with respect to cultural and physical features in the vicinity of the gaging station
and the community or landmark included in the gaging station name. In the case of discontinued gaging
stations, the location is furnished using features in the vicinity at the time the gaging station was in
operation. In many instances, the identifying features have been altered since the gaging station was
discontinued.

DRAINAGE AREA .--Drainage area is measured using U.S. Geological Survey 7.5-minute
topographic quadrangle maps. However, 7.5-minute topographic maps for drainage area computations
were not available when some gaging stations were installed; therefore, the accuracy of drainage areas also
varies. Drainage areas of discontinued gaging stations are those determined while the gaging station was
in operation..

PERIOD OF RECORD.--The period of record is the period for which there are published records for
the gaging station or for an equivalent gaging station. An equivalent gaging station is a gaging station that
was in operation prior to the subject gaging station, and whose location is such that records from it can
reasonably be considered equivalent with records from the subject gaging station. This situation arises
when a gaging station is relocated upstream or downstream and given a new gaging station number and
name, but the changes in drainage area and other basin characteristics are not significantly different.

GAGE.--The type of gage or recorder that is or was used to collect data, the datum of the gage referred
to sea level, and a condensed history of the types, locations, and datums of previous gages are given under
this heading.

EXTREMES FOR PERIOD OF RECORD.--Extremes may include maximum and minimum
discharges and maximum and minimum gage heights. Unless otherwise qualified, the maximum discharge
is the instantaneous maximum corresponding to the highest gage height that occurred. If the maximum
gage height did not occur on the same day as the maximum discharge, it is listed separately. Similarly, the
minimum discharge is the instantaneous minimum corresponding to the lowest gage height that occurred,
unless qualified and listed otherwise.

EXTREMES OUTSIDE PERIOD OF RECORD.--Included is any information available concerning
major floods or unusually low flows that occurred outside the stated period of record. The information
may not have been obtained by the U.S. Geological Survey.



Statistics of Monthly and Annual Mean Discharges

Statistics of monthly and annual mean discharges presented for each gaging station include (1) the
maximum, minimum, and mean monthly discharges and (2) the maximum, minimum, and mean annual
discharges. The water years (October 1 through September 30) in which the maximum and minimum
discharges occurred are listed with the respective values, and the standard deviation and coefficient of
variation of the monthly and annual mean discharges are listed with the respective values. Also, the
percentage of the annual discharge that is comprised by each monthly mean discharge is listed in the table.

Each of the statistics is explained in the following paragraphs. As an aid to the readers’ understanding
of how the monthly mean and annual mean discharges are determined, data for the gaging station Otter
Tail River near Detroit Lakes, MN (05053000) are used as an example. Each monthly value is the mean of
the daily values for the month. Months or years for which all daily values are not available are not
included in the compilation of statistics.

The maximum monthly mean discharge is the maximum value of all the monthly mean values. The
maximum mean value for October is 138 cubic feet per second (ft3/s), which occurred during water year
1945. Similarly, the minimum monthly mean discharge is the minimum value of all the monthly mean
values. The minimum mean value for October is 2.16 ft>/s, which occurred during water year 1957. The
maximum and minimum monthly mean values can be found in the statistics of monthly and annual mean
discharges table or by searching the monthly and annual mean discharges table.

The mean monthly discharge is the mean of all the monthly mean discharges for a given month, and
the standard deviation is a measure of the variability of the values. The mean monthly discharge for
October is 29.2 fi%/s, and the standard deviation is 28.9 ft3/s. The monthly mean discharge for October
(mean of the mean monthly values) is the same as the mean of all October daily values for the period of
record used. However, the standard deviation is smaller than the standard deviation obtained using all
daily values. The standard deviation is smaller because the monthly values have less variability than the
daily values.

The coefficient of variation is the ratio of the standard deviation to the mean, and it provides a
comparison of the standard deviation in units of the mean. The coefficient of variation is dimensionless.
Because monthly mean discharges are much greater in spring than in winter, the standard deviations also
are much greater in spring than in winter. However, dividing the standard deviation by the mean monthly
discharge tends to equalize the measures for all months so a more meaningful comparison among months
can be made. )

The percentage of the annual discharge is the percent of the annual discharge that occurred during
each month. It is calculated by dividing the mean discharge for the month by the total of the 12 monthly
mean discharges and multiplying by 100. Because of rounding of the monthly percentage, the sum of the
12 percentages may not equal 100 percent.

The maximum, minimum, and mean annual discharges are selected or computed from the annual
mean discharges for the period of record. The water years of occurrence of the maximum and minimum
values are listed with the respective values, and the standard deviation of the mean of the annual mean
values is listed with the mean value. The minimum annual mean discharge of 9.82 ft3/s occurred in 1940,
and the maximum annual mean discharge of 98.4 ft/s occurred in 1966. The mean annual discharge for
the period of record is 53.7 ft3/s.



Monthly and Annual Flow Duration

The monthly and annual flow duration table is a magnitude and frequency analysis of daily discharge
values. It is computed by tabulating the number of daily discharge values that fall within preselected class
limits, computing the percentage of values within each class, and interpolating discharge values for the
percentages shown in the table. Monthly values are calculated from daily values in all complete months in
the record, and annual figures are calculated for all complete water years. For example, if the 90-percent
flow duration value for October is 2.80 ft*/s, then 90 3pe.rcent of all October daily discharge values for the
period of record were equal to or greater than 2.80 fi°/s.

Probability of Occurrence of High or Low Discharges

The probabilities of occurrence of annual high discharges, annual low discharges, and seasonal low
discharges are presented in three tables for each gaging station. Probability of occurrence is an estimate of
the likelihood that a particular discharge in a stream will be equaled or exceeded in 1 year or, in the case of
low flows, the likelihood that the discharge will not be equaled or exceeded during the year. The
probability of occurrence of a high flow is called the exceedance probability, and the probability of
occurrence of low flow is called the nonexceedance probability. For example, if the discharge for the 0.20
exceedance probability is listed as 255 ft3/s, then a 20 percent chance exists that a discharge equal to or
greater than 255 ft3/s will occur once during the year.

Recurrence interval is another way of expressing annual probability and it is the reciprocal of
probability of occurrence. The recurrence interval for an exceedance probability of 0.20 is 5 years (1
divided by 0.20). For a long discharge record the annual maximum discharge can be expected to equal or
exceed 255 fi’/s on average once every 5 years.

The table of probability of annual high discharges for each gaging station lists the maximum
instantaneous discharge and the maximum mean discharge for 3, 7, 15, and 30 consecutive-day periods for
selected exceedance probabilities and recurrence intervals. Values for the maximum instantaneous
discharge are computed from the streamflow record according to the guidelines established by the
Hydrology Subcommittee of the Interagency Advisory Committee on Water Data (1982). According to
the guidelines, adjustments are made for length of record and regional skew.

Values for the maximum mean discharges for 3, 7, 15, and 30 consecutive-day periods are computed
from the annual high mean values of the corresponding periods. The computations are based on the log-
Pearson Type III distribution using values obtained for the water year.

The table of probability of annual low discharges for each gaging station lists the minimum mean
discharge for 1, 3, 7, 14, 30, 60, 90, 120, and 183 consecutive-day periods for selected nonexceedance
probabilities and recurrence intervals. Values for the minimum mean discharges are computed from the
annual low discharge values of the corresponding periods using the log-Pearson Type III distribution. If
the log-Pearson Type III distribution curve fails to fit the data at the lower end, a graphical interpretation is
made. Probabilities of annual low discharges are computed using values obtained for the climatic year
(April 1 through March 31).

The table of probability of seasonal low discharges for each gaging station lists the minimum mean
discharge for 1, 7, 14, and 30 consecutive-day periods for selected probabilities and recurrence intervals.
These values are computed from the seasonal low mean values of the corresponding periods using the log-
Pearson Type III distribution.



The annual low discharge and the seasonal low discharges that occur in any given year are sensitive to
natural-channel processes, such as evapotranspiration and human-induced hydrologic modifications, such
as the operation of many small water-storage reservoirs; the effects of surface-water withdrawal for
agricultural, municipal, and industrial use; and the effects of return flow to the river. Thus, the statistics in
tables are given for recurrence intervals that generally are within twice the period of record.

DATA CONSIDERATIONS

Perlod of Record

The reliability of statistical data is related to the length of record for a stream. The Hydrology
Subcommittee of the Interagency Advisory committee on Water Data (1982) recommends that at least
10 years of record be used for computing flood frequency estimates. Therefore, the length of record
criterion for inclusion of a gaging station in this report is at least 10 years. Even with this criterion, the
lengths of record for each gaging station varies substantially. Subsequently, extreme high or low flows
may be included in the streamflow record of one gaging station and not in another, resulting in
inconsistencies in the streamflow statistics when comparing gaging station data. Also, longer record
lengths for many of the gaging stations in this report may result in different streamflow statistics when
comparing data in this report with data in previous publications.

Differences in statistical data for pre- and post-regulation periods are not caused solely by regulation.
Differences can be attributed to the length of record and climatic variability as expressed by hydrologic
variability. By comparing a statistic that easily can be affected by regulation, such as the 7-day low flow,
and a statistic that generally is unaffected by regulation, such as the mean annual discharge, a
determination can be made about the effect of regulation. As an example, the annual 7-day low flow with
a 10-year recurrence interval for the Red River of the North at Fargo is zero for the pre-regulation period
(1901-41) and 17.9 ft3/s for the post-regulation period (1942-94). The effect of regulation on the mean
annual discharge of the Red River of the North can be assumed to be negligible; however, the mean annual
discharge is 403 ft3/s for the pre-regulation period and 741 ft3/s for the post-regulation period. Although
annual 7-day low flow for a 10-year recurrence interval is much greater for the regulation period, the mean
annual discharge for the regulated period also is much greater, indicating that regulation may happen to
correspond to a relatively wet period in the Red River of the North Basin.
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Crosby, O.A, 1970, A proposed streamflow data program for North Dakota: U.S. Geological Survey Open-File
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Hydrology Subcommittee of the Interagency Advisory Committee on Water Data, 1982, Guidelines for determining
flood flow frequency: Hydrology Subcommittee Bulletin 17B, 28 p., 14 appendices.
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05030000 OTTER TAIL RIVER NEAR DETROIT LAKES, MN

Station Description
LOCATION.--Lat 46°50°12", long 95°41'57”, in NE'/,SW/, sec.23, T.139 N., R.40 W., Becker County,
Hydrologic Unit 09020103, on right bank 10 ft upstream from highway bridge, 5 mi downstream from
Height of Land Lake, and 7.5 mi east of city of Detroit Lakes.
DRAINAGE AREA .--270 mi%.
PERIOD OF RECORD.--March 1937 to September 1971.

GAGE.--Water-stage recorder and concrete control. Datum of gage is 1,409.49 ft above sea level.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 371 f6/s, June 26, 1943 (gage height,
4.78 ft, from graph based on partial record); maximum gage height, 6.96 ft, Jan. 27, 1950 (backwater
from ice); minimum daily discharge, 0.10 ft3/s, Mar. 23, 1940.

Annual mean discharge
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05030000 OTTER TAIL RIVER NEAR DETROIT LAKES, MN--Continued

Statistics of monthly and annual mean discharges

Maximum Minimum Mean
Water year Water year Standard  Coeffi- Percentage
Month Di?;? Iarge f Dis;:t’l/arge of D'Tf‘:ﬁ‘/"g" deviation  cient of of annual
s) occurrence (ftfs) occurrence s) (ft¥rs) variation  discharge

October 138 1945 2.16 1957 29.2 28.9 0.99 4,61
November 105 1945 494 1958 252 22.6 0.90 3.98
December 77.6 1945 437 1938 26.3 20.0 0.76 4.15
January 57.0 1966 3.23 1938 24.4 174 0.71 3.85
February 60.1 1969 0.793 1940 24.5 15.7 0.64 3.87
March 83.2 1969 0.371 1940 33.9 19.6 0.58 536

April 190 1966 1.15 1938 77.8 48.3 0.62 123

May 265 1966 145 1940 115 65.6 0.57 18.2

June 284 1943 2.16 1940 114 71.1 0.62 18.0
Tuly 206 1944 1.52 1940 77.1 51.8 0.67 12.2 _
August 288 1944 0.510 1940 49.8 575 1.15 7.87
September 238 1944 1.40 1970 35.6 428 1.20 5.63

Annual 98.4 1966 9.82 1940 53.7 23.6 0.44 100
Annual flow duration
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05030000 OTTER TAIL RIVER NEAR DETROIT LAKES, MN--Continued

Probability of annual high discharges

[ng, statistic not given]

Maximum average discharge

(ft%/1s)
Exceedance Rei::.ler:::'ce Ins’f::::ret'us 3-day period 7-day period 15-day period  30-day period
probability (years) (f3rs)
0.99 1.01 37.6 374 32.7 259 22.1
095 1.05 62.7 61.6 56.4 48.7 4335
0.90 1.11 804 78.5 734 65.7 599
0.80 1.25 106 103 98.6 91.4 84.8
0.50 2 171 164 161 155 147
0.20 5 255 242 239 234 223
0.10 10 306 288 284 278 264
0.04 25 363 341 334 324 306
0.02 50 401 375 366 352 331
0.01 100 436 407 394 376 352
0.005 200 467 436 420 397 369
0.002 500 506 ng ng ng ng
Probability of annual low discharges
Minimum average discharge (ft%/s)
Number of consecutive days
Non- Recur-
exceed- rence
ance Inter- 1 3 7 14 30 60 90 120 183
prob- val
ability (years)
0.05 20 0222 0275 0317 0.432 0.691 1.15 2.32 1 5.96
0.10 10 0430 0.506 0.583 0.799 120 2.00 3.45 451 7.56
020 5 0.909 1.02 117 1.60 224 3.66 5.46 6.92 10.1
0.50 2 324 3.40 3.86 5.13 6.45 9.84 123 14.7 18.1
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05030000 OTTER TAIL RIVER NEAR DETROIT LAKES, MN--Continued

Probability of seasonal low discharges

Minimum average discharge (ft¥/s)

Number of consecutive days

Non- Recurrence
exceedance interval 1 7 14 30 1 7 14 30
probability (years)
December-January-February March-April-May
0.05 20 1.49 1.79 198 2.46 0.623 1.01 1.45 2.63
0.10 10 248 2.88 3.17 391 1.63 237 3.30 5.94
0.20 5 435 4.88 535 6.53 438 5.67 7.56 13.0
0.50 2 11.0 11.7 12.7 15.1 174 194 232 33.7
June-July-August September-October-November
0.05 20 0435 0.749 1.27 2.65 0.538 0.680 1.06 1.78
0.10 10 0.991 157 245 493 0.998 1.23 1.73 2.66
0.20 5 247 3.57 5.11 9.66 2.02 243 3.06 4.30
0.50 2 11.1 417 174 27.9 6.82 7.88 8.65 10.7
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Annual peak discharge and corresponding gage height, period of record

05030000 OTTER TAIL RIVER NEAR DETROIT LAKES, MN--Continued

age e
Water Date ts.:gg I?t dlsl::'::aal:ge Water Date I?elg ht dlsl:haal:ge
year (feet) (#t¥s) year (feet) (%)
Annual peak discharge, by year, and corresponding gage height
1937 June 20 353 54.0 1955 August 3 4.28 195
1938 June 3 3.67 73.0 1956 May 3 4.07 139
1939 March 23 4.83 239 1957 May 14 4.00 133
1940 September 21 345 42.0 1958 October 16 3.66 72.0
1941 May 15 3.66 68.0 1959 June 11 3.99 136
1942 June 16 3.88 112 1960 May 3 434 214
1943 June 26 4.78 37 1961 May 15 4.12 151
1944 August 22 4.68 336 1962 June 8 4.65 316
1945 May 13 4.29 198 1963  June9 4.07 157
1946 July 21 4.26 190 1964 May 19 4.10 164
1947 May 2 4.35 212 1965 June 13 4.45 264
1948 April 30 393 119 1966 May 3 4.51 283
1949 July 31 4.00 133 1967 June 22 4.27 267
1950 May 29 4. 332 1968 May 29 4.18 188
1951 June 2 4.26 190 1969 April 21 430 207
1952 April 21 4.16 167 1970 June 16 421 182
1953 June 15 4.36 218 1971 April 10 3.76 84.0
1954 May 5 4.27 193
Annual peak discharge, from highest to lowest, and corresponding gage height
1943 June 26 4.78 371 1970 June 16 421 182
1944 August 22 4.68 336 1952 April 21 4.16 167
1950 May 29 4.1 332 1964 May 19 4.10 164
1962 June 8 4.65 316 1963 June 9 4.07 157
1966 May 3 4.51 283 1961 May 15 4.12 151
1967 June 22 427 267 1956  May3 4.07 139
1965 June 13 445 264 1959 June 11 3.99 136
1939 March 23 4.83 239 1949 July 31 4.00 133
1953 June 15 4.36 218 1957 May 14 4.00 133
1960 May 3 434 © 214 1948 April 30 393 119
1947 May 2 435 212 1942 June 16 3.88 112
1969 April 21 430 207 1971 April 10 3.76 84.0
1945 May 13 4.29 198 1938 June 3 3.67 73.0
1955 August 3 4.28 195 1958 October 16 3.66 72.0
1954 May 5 427 193 1941 May 15 3.66 68.0
1946 July 21 4.26 190 1937 June 20 3.53 54.0
1951 June 2 4.26 190 1940 September 21 345 420
1968 May 29 4.18 188
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05030500 OTTER TAIL RIVER NEAR ELIZABETH, MN

Station Description

LOCATION.--Lat 46°22°10", long 96°01°02", in SW'/,SE!/, sec.31, T.134 N., R.42 W,, Ottertail County,
Hydrologic Unit 09020103, on right bank, 2.5 mi below Taplin Gorge Dam, 5.0 mi above the
Diversion Dam, 5.7 mi east of Elizabeth and 6.6 mi northeast of Fergus Falls.

DRAINAGE AREA --1,230 mi2, approximately.

PERIOD OF RECORD.--May 1904 to September 1917, monthly discharge only, published as at German
Church near Fergus Falls in WSP 1308. July 1992 to current year.

GAGE.--Water-stage recorder. Datum of gage is 1,250 ft above mean sea level, from topographic map.
Nonrecording gage at same site November 1913 to September 1917 at datum 1,265 ft from topo-
graphic map.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 1,075 ft3/s, June 23, 1904 (gage height,
4.2 ft); minimum daily discharge, 16.0 ft3/s, Sept. 13, 1910 (minimum gage height, 1.9 ft).

Annual mean discharge
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05030500 OTTER TAIL RIVER NEAR ELIZABETH, MN--Continued

Statistics of monthly and annual mean discharges

{m, more than 1 year of occurrence]

Maximum Minimum Mean
Water year Water year Standard Coefti- Percentage
Month Dlif(:l;/asrge of D'Tfﬁ?/‘;;ge of D‘?;?/a;ge deviation  cient of of annual
) occurrence occurrence ) (ft¥s) variation  discharge
October 740 1994 483 1911 386 207 0.54 8.63
November 688 1907 79.3 1911 360 178 0.49 8.04
December 489 1994 79.9 1911 303 132 0.44 6.77
January 400 1994 80.0 m 247 105 0.43 552
February 439 1994 70.0 1912 221 98.6 045 494
March 650 1907 70.0 1912 280 142 0.51 6.25
April 652 1907 180 1913 363 137 0.38 8.11
May 772 1906 221 1911 482 175 0.36 10.8
June 965 1906 169 1911 545 225 0.41 122
Tuly 932 1906 108 1911 506 244 0.48 113
August 780 1905 64.8 1910 400 228 0.57 893
September 817 1993 326 1910 383 236 0.62 8.57
Annual 609 1906 123 1911 375 135 0.36 100
Annual flow duration
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05030500 OTTER TAIL RIVER NEAR ELIZABETH, MN--Continued

Probability of annual high discharges

[ng, statistic not given]

Maximum average discharge

(ft¥s)
Exceedance Re;:::::lce in:‘l:::::'lgus 3-day period 7-day period 15-day period  30-day period
probability (vears) (f¥s)
0.99 1.01 ng 198 187 181 172
095 1.05 ng 324 307 291 277
0.90 111 462 405 385 364 346
0.80 125 549 512 489 462 440
0.50 2 738 726 701 667 640
0.20 5 947 913 895 868 843
0.10 10 1,060 989 978 961 939
0.04 25 1,180 1,050 1,050 1,050 1,030
0.02 50 1,260 1,080 1,080 1,090 1,080
0.01 100 1,330 1,100 1,110 1,130 1,120
0.005 200 1,390 1,120 1,130 1,150 1,150
0.002 500 1,460 ng ng ng ng
Probability of annual low discharges
Minimum average discharge (ft¥/s)
Number of consecutive days
Non- Recur- .
exceed- rence
ance inter- 1 3 7 14 30 60 90 120 183
prob- val
abliity (years)
0.05 20 292 33.1 35.7 378 417 45.9 58.1 66.2 79.4
0.10 10 50.8 54.6 572 59.6 64.4 70.8 84.6 95.3 113
020 5 88.7 91.1 93.0 95.4 101 11 126 141 166
0.50 2 186 1186 1187 187 194 216 232 254 298
!Graphical interpretation.
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05030500 OTTER TAIL RIVER NEAR ELIZABETH, MN--Continued

Probability of seasonal low discharges

Minimum average discharge (ft/s)

Number of consecutive days

Non- Recurrence
exceedance interval 1 7 14 30 1 7 14 30
probability (years)
December-January-February March-April-May
0.05 20 64.3 66.5 68.7 70.3 86.9 86.9 87.0 90.3
0.10 10 854 871 89.5 91.7 109 109 111 117
0.20 5 116 118 120 123 141 143 147 157
0.50 2 190 192 193 198 224 229 238 257
June-July-August September-October-November
0.05 20 545 56.6 66.7 83.9 38.6 48.7 51.8 57.5
0.10 10 84.6 88.7 100 122 725 85.3 89.7 97.1
0.20 5 136 144 156 183 136 150 156 166
0.50 2 287 304 316 351 307 320 333 347
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05030500 OTTER TAIL RIVER NEAR ELIZABETH, MN--Continued

Annual peak discharge and corresponding gage height, period of record

[--, no data]
Gage Peak Gage Peak
w::,' Date height discharge W:;? Date height discharge
y (feet) (f¥rs) y (feet) (R%ss)
Annual peak discharge, by year, and corresponding gage height
1904 June 23 -- 1,075 1913 July 5 3.85 758
1905 August 7 4.00 855 1914 June 27 240 584
1906 - 425 1,020 1915 July 19 2.80 837
1908 June 13 4.10 921 1916 June 29 3.00 982
1509 September 15 355 580 1917 October 1 245 613
1910 - 3.30 449 1993 September 20 8.10 842
1911 April 19 2.90 274 1994 October 3 8.09 840
1912 July 8 3.20 402
Annual peak discharge, from highest to lowest, and corresponding gage height

1904 June 23 - 1,075 1913 July 5 3.85 758
1906 - 4.25 1,020 1917 October 1 245 613
1916 June 29 3.00 982 1914 June 27 240 584
1908 June 13 4.10 921 1909  September 15 3.55 580
1905 August 7 4.00 855 1910 - 330 449
1993 September 20 8.10 842 1912 July 8 3.20 402
1994 October 3 8.09 840 1911 April 19 290 274
1915 July 19 2.80 837
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05040000 PELICAN RIVER NEAR DETROIT LAKES, MN

Station Description
LOCATION.--Lat 46°43'26”, long 95°54°56", in NE!/,SW/, sec.31, T.138 N., R 41 W., Becker County,

Hydrologic Unit 09020103, in upstream concrete retaining wall at highway crossing at Buck’s Mill,
200 ft downstream from concrete millpond dam, and 6.5 mi southwest of city of Detroit Lakes,

DRAINAGE AREA..--123 mi%
PERIOD OF RECORD.--July 1942 to November 1953.
GAGE.--Staff gage. Datum of gage is 1,315 ft above sea level from topographic map.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 229 ft3/s, June 20, 1953 (gage height,
428 ft); maximum gage height, 4.40 ft, Aug. 15, 1952, affected by backwater from aquatic vegetation;
minimum daily discharge, 0.1 ft*/s, Sept. 4, 1950, and many days during 1951.

Annual mean discharge
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05040000 PELICAN RIVER NEAR DETROIT LAKES, MN-Continued

Statistics of monthly and annual mean discharges

Maximum Minimum Mean
Water year Water year Standard  Coeffi-  Percentage
Month Di?;g/:rge of Dlx?/asrge of Dl:;;n/as;ge deviation cient of of annual
) occurrence ) occurrence (ft¥s) variation  discharge
October 70.0 1945 0.165 1951 174 22.4 1.29 3.76
November 46.3 1947 0.133 1951 13.7 17.6 1.29 2.98
December 56.5 1952 0.235 1949 18.9 22.0 1.16 4.10
January 554 1952 0.216 1950 184 18.8 1.02 4.00
February 414 1952 0421 1949 16.6 14.2 0.85 3.61
March 772 1953 1.05 1949 28.2 214 0.76 6.13
April 131 1953 29.8 1944 719 31.8 0.41 16.9
May 167 1950 27.9 1949 829 38.1 0.46 18.0
June 198 1953 9.06 1952 71.5 572 0.80 15.5
July 118 1946 425 1945 532 37.8 0.71 115
August 147 1952 0.326 1945 354 43.5 1.23 7.69
September 111 1944 0.197 1950 26.8 37.7 141 5.81
Annual 64.8 1952 12.1 1949 39.0 16.5 0.42 100
Annual flow duration
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05040000 PELICAN RIVER NEAR DETROIT LAKES, MN~-Continued

Probability of annual high discharges

[ng, statistic not given}

Maximum average discharge

(ft¥/s)
Exceedance Recurrence Maximum .
probability interval Inslantgneous 3-day period 7-day period 15-day period 30-day period
(years) (ft/s)
0.99 1.01 578 61.7 58.2 515 409
0.95 1.05 76.2 76.1 72.5 66.4 56.6
0.90 1.11 87.7 853 81.6 759 66.8
0.80 1.25 104 98.2 94.3 89.1 80.7
0.50 2 140 129 125 120 113
0.20 5 186 172 167 161 153
0.10 10 214 201 195 187 177
0.04 25 246 237 230 220 205
0.02 50 269 264 256 243 225
0.01 100 291 291 282 266 243
0.005 200 312 319 309 288 260
0.002 500 340 ng ng ng ng
Probability of annual low discharges
Minimum average discharge (ft%s)
Number of consecutive days
Non- Recur-
exceed- rence
ance inter- 1 3 7 14 30 60 90 120 183
prob- val
ability (years)
0.05 20 0.064 10.064 10.065 10.066 10,067 10.068 10.069 0.069 0.257
0.10 10 0.089 10.089 1o.090 10.090 0.091 0.106 0.116 0.130 0516
020 5 0.143 0.143 0.144 0.151 0.177 0.242 0261 0295 118
0.50 2 0.470 0.491 0.561 0.625 0.808 1.35 145 1.65 532
1Graphical interpretation.
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05040000 PELICAN RIVER NEAR DETROIT LAKES, MN--Continued

Probability of seasonal low discharges

Minimum average discharge (ft%s)

Number of consecutive days

Non- Recurrence
exceedance interval 1 7 14 30 1 7 14 30
probability (years)
December-January-February March-April-May
0.05 20 0.054 0058  0.064 0.115 0.329 0.422 0474 1.27
0.10 10 0.125 0.151 0.164 0.273 0.820 1.01 1.12 2.90
0.20 5 0.341 0.456 0.486 0.743 2.20 2.60 2.85 6.85
0.50 2 2.28 3.30 344 4.48 10.2 113 12.0 23.7
June-July-August September-October-November
0.05 20 0.108 0.111 0.176 0.323 0.054 10.055 0.055 0.065
0.10 10 0.279 0.292 0421 0.770 0.098 0.099 0.107 0.133
0.20 5 0.813 0.869 1.14 2.02 0.206 0.223 0.248 0.319
0.50 2 492 547 6.28 10.0 0.945 1.16 1.35 1.80

!Graphical interpretation.
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05040000 PELICAN RIVER NEAR DETROIT LAKES, MN--Continued

Annual peak discharge and corresponding gage height, period of record

Gage Peak Gage Peak
W::r Date height discharge W:;err Date height discharge
4 (feet) (/) 4 (feet) (1)

Annual peak discharge, by year, and corresponding gage height
1943 June 26 3.84 136 1949 April 10 2.82 75.0
1944 September 2 3.82 136 1950 May 19 5.10 210
1945 April 22 354 115 1951 June 3 2.84 117
1946  July 18 4.07 145 1952 August 15 440 214
1947 May 2 3.86 133 1953 June 20 428 229
1948 May 7 3.20 94.0
Annual peak discharge, from highest to lowest, and corresponding gage height

1953 June 20 428 229 1947 May 2 3.86 133
1952 August 15 440 214 1951 June 3 2.84 117
1950 May 19 5.10 210 1945 April 22 354 115
1946 July 18 4.07 145 1948 May 7 320 94.0
1943 June 26 3.84 136 1949 April 10 2.82 75.0
1944  September 2 3.82 136
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05040500 PELICAN RIVER NEAR FERGUS FALLS, MN

Station Description

LOCATION.--Lat 46°20°10”, long 96°07°00”, in NE1/4 sec.17, T.133 N,, R.43 W,, Otter Tail County,
Hydrologic Unit 09020103, on right downstream wingwall of bridge on U.S. Highway 52, 3 mi
northwest of Fergus Falls and 7.5 mi upstream from mouth.

DRAINAGE AREA.--482 mi?.
PERIOD OF RECORD.--June 1909 to December 1913, July 1942 to September 1980.

GAGE.--Water-stage recorder. Datum of gage is 1,176.98 ft above sea level, datum of 1929. June 19,
1909, to Dec. 31, 1912, staff gage at site 1 mil downstream at different datum. July 1, 1942, to Nov. 6,
1955, staff gage and Nov. 7, 1955, to Sept. 30, 1963, water-stage recorder, at site 900 ft upstream at

datum 3.00 ft higher.

EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 756 ft>/s, Mar. 29, 1943 (gage height,
8.53 ft, present datum); maximum gage height, 8.60 ft, Mar. 28, 1950 (backwater from ice, present
datum); no flow for many days in 1946, and 1949-50; no flow at times in some years.

Annual mean discharge
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05040500 PELICAN RIVER NEAR FERGUS FALLS, MN-Continued

Statistics of monthly and annual mean discharges

[m, more than 1 year of occurrence]

Maximum Minimum Mean
Water year Water year Standard Coeffi- Percentage
Month Dl?;g /:'93 of Dl?;t:?;;e of Dl?;:? /i;e deviation  cient of of annual
) occurrence occurrence (ft3/s) varlation  discharge
October 173 1910 0.083 1977 524 39.1 0.75 5.50
November 142 1910 1.25 1977 499 38.6 0.78 5.24
December 132 1945 0.172 1977 420 379 0.50 441
January 125 1910 0 m 404 37.8 0.94 424
February 117 1945 0 m 39.2 34.7 0.89 4.11
March 186 1945 5.28 1962 68.5 49.9 0.73 7.20
April 320 1966 17.1 1977 156 71.7 0.46 164
May 310 1966 12.8 1977 161 76.4 0.47 16.9
June 356 1953 7.52 1977 137 83.0 0.61 144
July 266 1953 4,14 1977 88.1 61.0 0.69 9.25
August 179 1953 0.328 1976 62.0 47.0 0.76 6.51
September 189 1909 0.003 1976 554 43.2 0.78 5.82
Annual 147 1972 7.69 1977 794 344 0.43 100
Annual flow duration
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05040500 PELICAN RIVER NEAR FERGUS FALLS, MN--Continued

Probability of annual high discharges

[ng, statistic not given]

Maximum average discharge

(ft%s)
Excsedance R?ﬁ:’:ve:fe Ins’f:::::::us 3-day period 7-day period 15-day period  30-day period
probability (years) (f¥/s)
0.99 1.01 84.8 63.6 555 382 28.5
0.95 1.05 123 98.3 89.5 722 60.4
0.90 1.11 149 123 113 96.9 84.6
0.80 1.25 190 159 148 133 120
0.50 2 300 253 235 218 201
0.20 5 475 388 351 311 279
0.10 10 606 479 422 357 311
0.04 25 785 593 504 400 337
0.02 50 928 677 561 425 349
0.01 100 1,080 760 614 443 357
0.005 200 1,240 842 663 458 363
0.002 500 1,470 ng ng ng ng
Probability of annual low discharges
Minimum average discharge (ft%/s)
Number of consecutive days
Non- Recur-
exceed- rence
ance inter- 1 3 7 14 30 60 90 120 183
prob- vai
ability (years)
0.05 20 0 0 0 0 0 0 0.124 1.35 2.14
0.10 10 0 0 0 0 0 0.612 0.778 2.87 4.68
020 5 1.86 2.09 2.50 2.62 294 3.45 3.60 6.49 10.5
0.50 2 114 12.2 138 14.4 15.6 18.0 22.7 22.9 33.0
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05040500 PELICAN RIVER NEAR FERGUS FALLS, MN--Continued

Probability of seasonal low discharges

Minimum average discharge (ft%/s)

Number of consecutive days

Non- Recurrence
exceedance interval 1 7 14 30 1 7 14 30
probability (years)
December-January-February March-April-May
0.05 20 0 0 0 0 0 0 1.00 8.15
0.10 10 0.059 0.059 0.063 0.081 0.141 137 2.69 13.0
0.20 5 3.02 3.07 3.20 3.58 6.57 6.85 7.53 22.0
0.50 2 18.8 19.1 19.7 21.0 319 325 33.8 51.6
June-July-August September-October-November
0.05 20 234 4.07 5.56 16.80 1.32 2.39 2.90 4.30
0.10 10 533 7.78 984 110 2.88 4.56 537 7.42
0.20 5 13 143 17.0 20.5 6.12 8.58 9.81 12.7
0.50 2 33.1 36.1 395 57.7 19.6 234 25.6 30.2
!Graphical interpretation.
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05040500 PELICAN RIVER NEAR FERGUS FALLS, MN--Continued

Annual peak discharge and corresponding gage height, period of record

[+, no data]
Gage Peak Gage
Water Date heigm discharge Water Date heigght dispc:aal:ge
year (feet) (ft¥s) year (feet) (H3/s)
Annual peak discharge, by year, and corresponding gage height
1910 October 11 -- 303 1961 April 24 233 135
1911 May 8 - 124 1962 May 24 345 365
1912 May 28 - 230 1963 March 29 4.11 230
1943 March 29 553 756 1964 May 8 447 274
1944 June 5 - 212 1965 April 9 6.34 551
1945 March 17 - 330 1966 April 1 4.73 560
1946 May 16 - 212 1967 March 30 6.99 655
1947 June 7 - 218 1968 May 15 4.05 194
1948 - - - 1969 April 12 5.30 710
1949 April 3 - 245 1970 June 20 438 350
1950 May 6 - 296 1971 July 3 4.16 251
1951 April 7 - 177 1972 May 30 4.60 420
1952 April 14 - 388 1973 March 25 397 163
1953 June 15 485 680 1974 April 12 6.08 725
1954 July 2 - 242 1975 April 19 6.72 585
1955 April4 - 250 1976 March 26 511 186
1956 April 13 - 315 1977 May 14 3.70 129
1957 April 20 - 216 1978 April 6 541 635
1958 July 7 - 125 1979 April 18 5.08 610
1959 May 31 - 164 1980 April 5 5.86 495
1960 April 27 - 206
Annual peak discharge, from highest to lowest, and corresponding gage height
1943 March 29 553 756 1955 April 4 - 250
1974 April 12 6.08 725 1949 April 3 - 245
1969 April 12 5.30 710 1954 July 2 - 242
1953 June 15 4385 680 1912 May 28 - 230
1967 March 30 6.99 . 655 1963 March 29 4.11 230
1978 April 6 541 635 1947 June 7 - 218
1979 April 18 5.08 610 1957 April 20 - 216
1975 April 19 6.72 585 1944 June 5 - 212
1966 April 1 473 560 1946 May 16 - 212
1965 April 9 6.34 551 1960 April 27 - 206
1980 April 5 5.86 495 1968 May 15 405 194
1972 May 30 4.60 420 1976 March 26 5.1 186
1952 April 14 - 388 1951 Aprl 7 - 177
1962 May 24 345 365 1959 May 31 - 164
1970 June 20 438 350 1973 March 25 3.97 163
1945 March 17 - 330 1961 April 24 233 135
1956 April 13 - 315 1977 May 14 3.70 129
1910 October 11 - 303 1958 July 7 - 125
1950 May 6 - 296 1911 May 8 - 124
1964 May 8 447 274 1948 - - -
1971 July 3 4.16 251
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05046000 OTTER TAIL RIVER BELOW ORWELL DAM NEAR
FERGUS FALLS, MN

Station Description

LOCATION.--Lat 46°12°35”, long 96°11°05”, in NE'/, sec.34, T.132 N., R.44 W., Otter Tail County,
Hydrologic Unit 09020103, on left bank 0.7 mi downstream from Orwell Dam, 6.1 mi downstream
from Dayton Hollow Dam, 8 mi southwes<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>