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Figure 1.  Study area and data collection sites.

HYDROLOGY OF THE UPPER BIG SIOUX RIVER BASIN

Introduction and Scope

This document is a compilation and analysis of selected data describing the  hydrology of the upper Big Sioux River basin.  Lake Kampeska and the flood of April 1997 are emphasised.  The data were collected at four continuous record gages, one gage read manually on a daily basis, one open-water-season recording gage, two discontinued recording gages, and four miscellaneous sites.


The study area is the Big Sioux River basin from the headwaters near Summit downstream to the Big Sioux River below Watertown, SD gaging-station (gage) (06479520), 4.1 miles southeast of Watertown.  The drainage area of the study area is 1,902 square miles, of which 1,178 are noncontributing; of the 724 square miles of contributing area, 213 are in the Still Lake basin which started contributing flows to the Big Sioux River in 1994.


While this primarily is a flood report, some important hydrologic information to keep in mind about the river in the Watertown area  is that at the Big Sioux River near Watertown gage the flow was zero 6 % of the time, less than 13 cubic-feet-per-second (cfs) 65 % of the time, and exceeded 1,000 cfs only 0.5 % of the days in 25 years of record from 1973 through 1997.  During the years 1981, 1988 and 1990 the daily flow never exceeded 90 cfs.  This is the stream that provides most of the water to the city of Watertown and Lake Kampeska.

The Flood of April 1997

The winter of 1996-97 was one of the coldest and snowiest on record, with several blizzards.  At the beginning of the melting period there were about 4.9 inches of water in the snowpack in the basin (U.S. Army Corps of Engineers, written communication, May 1997, provisional data).  By April 3, snowmelt runoff from Mud Creek and Willow Creek had peaked and was receding.  The Big Sioux River at the near Florence gage (06479215) set a record stage of 1,790.09 feet above sea level on April 2 when the ice went out, and a record maximum flow of 2,000 cfs on April 4. 


On Friday April 5, the snowmelt-water peak was at the “near Watertown” gage on the casino road and probably would have set a new record, for the period of record, by a small amount.  But by  evening, about 2.5 inches of rain had fallen on the watershed and all heck was about to break loose.  The river at the U.S. Geological Survey (USGS) Big Sioux near Watertown gage peaked near midnight on April 5 at a flow of 7,820 cfs and a stage of 1,737.90 feet.  The previous record maximum flow was 4,970 cfs in 1986 and the previous record peak stage was 1,736.94 feet in 1991.


Between April 2 and April 6, the flow into Lake Kampeska at the Inlet/Outlet gage (06479450) varied between 2,700 and 4,100 cfs; then, very early in the morning of April 6 the inflow jumped to 5,890 cfs.  The lake filled rapidly and late that evening 

reached the same elevation as the river just outside of the Inlet/Outlet, and quit taking water.  The lake peaked at 1,723.67 feet on April 6, having risen 6.68 feet since March 31.  This exceeded maximum stage in 1943 by 2.37 feet; and was nearly as high as those observed in 1897 and 1881 (Watertown Public Opinion, 1943 and 1897).


The area north and east of the Inlet/Outlet was an immense lake the morning of April 6.  Lake Kampeska had almost quit taking water and Mud Creek had discharged its water from the rain event into the pool between the Inlet/Outlet and the Sioux Conifer Road.  The U.S. Army Corps of Engineers estimated the Mud Creek peak at 3,600 cfs the evening of  April 5 (Doug Clemetson, oral communication, 1997, provisional data).  Watertown was now under the gun.


At the discontinued Big Sioux River at Watertown gage (06479500), the flow reached 5,800 cfs at a stage of  1,722.93 feet the morning of April 6 breaking the previous records of  2,200 cfs recorded in 1952, and 1,721.84 feet recorded in 1969.


Now Mother Nature threw another big roundhouse curve, which probably helped with what was a disastrous situation although causing some minor problems.  Late in the evening of April 5, the temperature dropped dramatically and the rain changed to snow.  By the morning of the 6th the temperature had dropped to 12 degrees above zero and the wind was howling out of the northwest about 60 miles per hour; now we had to contend with a blizzard.  By noon on the 6th, the huge pool of water between the casino road and 14th Avenue on the north side of town, which covered about 3,500 acres, had a nearly complete ice cover and more ice was forming by the minute throughout the system.


The result of this combination of events was that the extraordinary volume of water in the river upstream from 14th Avenue that was poised, ready, and heading for town was rapidly being reduced by the volume of water that was freezing into ice.  The detention of water in the ice and the attenuation caused by the structures in town reduced the peak flow at 4th Avenue to about 4,500 cfs on April 6, as calculated by the Corps of Engineers (Summary of Events, 16 May 1997, provisional data).  The peak stage was observed to be 1,717.96 feet at 8:30 am.


At Broadway, downstream from the inlet/outlet to Lake Pelican, 2,370 cfs was measured at 10:00 am on April 6; 1,020 cfs was measured on April 7; 2,660 cfs was measured on April 10 at a steady stage; 2,740 cfs was measured on April 11 on a slightly falling stage; and 2,760 cfs was measured on  April 12.  The water level of Lake Pelican reached the level of the river at Highway 212, causing Lake Pelican to quit taking water on April 10.  A peak of 3,650 cfs occurred on Willow Creek the night of April 5, as a result of the rain event.


These data indicate that, at Broadway, an observed peak stage of at 1,715.08 feet occurred on April 6 due to backwater from ice and due to the Willow Creek water in the river downstream.  The maximum flow of about 2,760 cfs probably did not occur until April 12, after Lake Pelican quit taking water.


Downstream from its confluence with Willow Creek, at the “below Watertown” gage (06479520), the Big Sioux River peaked on April 2 as a result of the Willow Creek snowmelt runoff, on April 5 as a result of the Willow Creek rainfall runoff, and again on April 11 because of the Big Sioux water.  The peak stage of 1,707.42 feet that occurred on April 2 was affected by ice and snow in the river channel; the peak flow of  6,700 cfs occurred April 11.

The Still Lake Basin

The Still Lake Outflow near Florence, SD gage (06479430) monitors the flow from the large basin that started contributing water to the Big Sioux River in 1994 for the first time in recent history.  The stream enters the Big Sioux river about 1.5 river miles upstream from the “near Watertown” gage.  The recording gage is operated during the summer (April through September) season.  At the time of the peak on April 5 at the Big Sioux River near Watertown gage, the flow out of Still Lake was only 70 cfs.  The flow increased to 310 cfs on April 7, to 408 cfs on April 19, and then gradually receded.  Water from the Still Lake basin was not a significant factor during the flood event.

Lake Kampeska Inlet/Outlet Sediment Loads

During the flood, James Hanson and the author collected five suspended sediment samples at the Lake Kampeska Inlet/Outlet gage.  The concentrations found in the water flowing into the lake ranged from 50-98 milligrams per liter; and for the water flowing out ranged from 14-18 milligrams per liter.  Using these data and the streamflow data from the Inlet/Outlet gage it is estimated that 35,500 tons of sediment were carried into and 6,700 tons of sediment were carried out of Lake Kampeska during the 1997 water-year.  For the period of record, October 1, 1993 to September 30, 1997, at the Inlet/Outlet gage; 71,200 tons of sediment have been carried into the lake, and 9,500 tons have been carried back out.  Also, it is estimated that 36% of the sediment was carried into the lake during the 62% of the time when the flow varied between zero and 1,490 cfs; and 64% of the sediment was carried into the lake during the 0.6% of the time when the flow exceeded 1,490 cfs.

Quality of Water Data


Samples were collected for quality of water analysis in 1995 at sites below Still Lake and on the Big Sioux River upstream and downstream from the Still Lake Outflow confluence.  The results of these samples were used to determine the extent and severity of the extremely low dissolved oxygen values found in the reach of the Still Lake Outflow downstream from Still Lake.

Recurrence Interval Analysis

When comparing the recurrence intervals of the 1997 flood event at the Big Sioux River near Watertown gage, the Lake Kampeska at the Inlet/Outlet gage, and the Big Sioux at Watertown gage, it seems that the recurrence interval at the “near Watertown” site should be shorter than at the “at Watertown” site.  The 1997 event was unusual because of the timing of the snowmelt and the rainfall peaks at the two sites.


Much of the snowmelt water had already flowed past the “near Watertown” gage when the water from the rainfall event arrived.  Although the two events were cumulative,  the timing was such that some of the effect was lost.  Meanwhile, Lake Kampeska had been filling with snowmelt-water for several days; the Big Sioux River peak, with its additional rainfall water, only had to top off the lake.  When Lake Kampeska filled and quit taking water, the Big Sioux water from the north had to remain in the pool outside of the inlet/outlet and move on down stream.  At nearly the same time, Mud Creek was discharging its peak flow from the rainfall event into the same pool.  This means that the pool out in front of the Inlet/Outlet, and just upstream from the “at Watertown” site, filled and reached its peak, during the time when water was flowing into the pool at a maximum rate.  This means that the elevation of the pool that controlled the level of the water in Lake Kampeska and the head for the water flowing past the Big Sioux River at Watertown gage, was maximized by two extreme flood events that coincided almost exactly in time.  This is a rare set of circumstances.  For these reasons, the recurrence interval for the Big Sioux River near Watertown event is expected to be shorter than those for the two downstream sites, which are expected to be similar.


A review of historic records containing water-level data for Lake Kampeska reveal four events higher than the 1943 peak of 1,721.3 feet, which was thought to be the record high stage prior to 1997 .  However, the peak in 1893 was 1.2 feet higher, the peaks in 1997 and 1897 were 2.4 feet higher, and the peak in 1881 was the highest observed, although the exact stage is not known.  This means there have been two other events in the last 117 years as high or higher than the flood of 1997.  A thorough analysis of the flood frequency at Lake Kampeska should help clarify this situation.

06479215  Big Sioux River near Florence, SD

Period of Record:  June 1984 to current year.

Datum of gage:  1,780.57 feet above MSL.

Drainage area:  638 square miles, of which 68 are contributing.

Maximum stage, June 1984 to September 1996:  1,789.75 feet, July 25, 1993.

Instantaneous peak flow, June 1984 to September 1996:  1,810 cfs, March 29, 1986.

Maximum stage, October 1996 to September 1997:  1,790.09 feet, April 2.

Instantaneous peak flow, October 1996 to September 1997:  2,000 cfs, April 4.

Number of days the daily flow exceeded 1,000 cfs in 1997:   2.

USGS data      Big Sioux River 1.8 miles above Still Lake Outflow Confluence

in N.E.1/4 sec. 4, T. 118 N., R. 52 W.

Quality of Water
Date collected:  August 9, 1995

Time collected:  1300

Collected by: T. Hagen & Struckman


FIELD DATA

Temperature, air:  25 degrees centigrade (C)

Temperature, water:  26 degrees centigrade

Color:  light brown

Dissolved oxygen:  5.6 milligrams per liter (MG/L)

Dead fish:  none

Ph:  7.86

Film: none

Ice cover:  no

Odor: none

Sample depth:  1.0 feet (ft)

Sample type:  grab

Turbidity:  yes

water depth:  4.5 feet

Width: 50 feet

Wind: calm


LABORATORY DATA *

Fecal coliform:  680 per 100 milliters (ML)

Specific conductance:  443 micromhos per centimeter (umho/cm)

Ammonia:  <0.02 milligrams per liter

Nitrate:  3.4 milligrams per liter

Total phosphate:  0.256 milligrams per liter

Total dissolved phosphate:  0.168 milligrams per liter

Total solids:  366 milligrams per liter

Suspended solids:  44 milligrams per liter

Sodium:  9.0 milligrams per liter

Sulfate:  29.1 milligrams per liter

Total Kjeldahl Nitrogen (TKN):  1.03 milligrams per liter

*  sample analyzed at the South Dakota Department of  Health Laboratory

06479430  Still Lake Outflow near Florence, SD

Period of Record:  May 24, 1996 to current year, April through September periods only.

Datum of gage:  1,735.67 feet above MSL.

Maximum daily flow, May 24 through September 1996:  61 cfs, June 2.

Maximum daily flow, April to September 1997:  408 cfs, April 19.

Number of days the daily flow exceeded 350 cfs in 1997:  16.

USGS data                     Still Lake Outflow 

0.6 miles below gaging station 06479430

in N.W. 1/4 sec. 5, T. 118 N., R.52 W.

Quality of Water
Date collected:  May 17, 1995

Time collected:  1100

Collected by: K. Madison & K. Schneider


FIELD DATA

Temperature, air:  13.0 degrees centigrade (C)

Temperature, water:  13.9 degrees centigrade

Color:  light brown

Dissolved oxygen:  8.0 milligrams per liter (MG/L) at 19 C

Dead Fish: none

Discharge:  72 cubic feet per second (cfs)

Ph:  8.52

Film:  none

Ice cover:  no

Odor: none

Sample depth:  1.0 feet (ft)

Sample type:  grab

Turbidity:  yes

Water depth:  2.2 feet

Width:  14 feet

Wind: moderate


LABORATORY DATA *

Fecal coliform:  10 per 100 milliters (ML)

Ammonia:  <0.02 milligrams per liter

Nitrate:  0.1 milligrams per liter

Specific conductance:  1,605  micromhos per centimeter (umho/cm) at 7 C

Total phosphate:  0.121 milligrams per liter

Total solids:  876 milligrams per liter

Suspended solids:  9 milligrams per liter

Total Kjeldahl Nitrogen (TKN):  0.71 milligrams per liter

Total dissolved phosphate:  0.052 milligrams per liter; dup:  0.052 MG/L

*  sample analyzed at the South Dakota Department of Health Laboratory 

Note: sample taken prior to bridge construction 0.6 miles upstream

Still Lake Outflow

0.6 miles below gaging station 06479430

in N.W. 1/4 sec. 5, T. 118 N., R. 52W.

Quality of Water
Date collected:  August 9, 1995

Time collected:  1200

Collected by: T. Hagen & Struckman


FIELD DATA

Temperature, air:  25 degrees centigrade (C)

Temperature, water:  26 degrees centigrade

Color:  grey

Dead fish: none

Dissolved oxygen:  1.6 milligrams per liter (MG/L)

Ph:  7.25

Ice cover:  no

Odor: yes

Sample depth:  1.0 feet (ft)

Sample type:  grab

Water depth:  2 feet

Width:  10 feet

Wind: moderate


LABORATORY DATA *

Fecal coliform:  10 per 100 milliters (ML)

Ammonia:  0.20 milligrams per liter

Nitrate:  0.1 milligrams per liter

Specific conductance:  1,188 micromhos per centimeter (umho/cm)

Total phosphate:  0.201 milligrams per liter

Total solids:  1,216 milligrams per liter

Sulfate:  503 milligrams per liter

Suspended solids:  19 milligrams per liter

Total Kjeldahl Nitrogen (TKN):  2.30 milligrams per liter

Total dissolved phosphate:  0.124 milligrams per liter

*  sample analyzed at the South Dakota Department of Health Laboratory

06479438  Big Sioux River near Watertown, SD (Casino Road)

Period of record:  October 1972 to current year.

Datum of gage:  1,725.81 feet above MSL.

Drainage area:  1,007 square miles; of which 441 are contributing, 213 started 
contributing in 1994.

Water     Instantaneous   Maximum                                                                  Maximum

 Year        Peak Flow      Daily Flow              Flow                    Total Flow         Stage

                    (cfs)                (cfs)                (acre-feet)                (acre-feet)          (feet)

1998*                                   770                     7,140

                                     February 27    February 22-March 3

1997           7,820              6,400                   41,300                     112,600           12.09

                  April 5             April 5           March 30-April 6                                April 5

1996           2,500              2,000                   12,100                       87,080           10.67

                  March 14        March 14        March 11-17                                      March 14

1995           2,000             1,790                     9,300                     106,800             9.81

                  March 12       March 13        March 11-16                                       March 12

1994           2,110             1,890                   12,700                       59,860             9.86

                  March 20       March 20        March 12-21                                       March 20

1993           4,000             2,500                   12,300                       68,060           11.07

                  March 28       March 28       March 27-April 1                                 March 28

1991           3,300             1,800                      -----                        27,590           11.13

                  June 21          June 21                                                                       June 21

October 1, 1972 to September 30, 1997 (25 years = 9,131 days)


number of days the daily flow exceeded 1,000 cfs:  46 (12 in 1997)


number of days the daily flow exceeded 1,490 cfs:  23 (6 in 1997)


number of days the daily flow exceeded 4,890 cfs:  2 (2 in 1997)


number of days the daily flow was less than 1,490 cfs:  99.75%.

*  October 1, 1997 through March 3, 1998 (provisional data).

USGS data

06479450  Lake Kampeska Inlet/Outlet near Watertown, SD

Period of record:  October 1993 to current year.

1998*  Maximum daily flow into lake:  about 320 cfs, February 25,


rise in elevation of lake from February 22 to March 3:  1.07 feet.

1997    Instantaneous peak flow into lake:  5,890 cfs, April 6,


maximum daily flow into lake:  4,130 cfs, April 5,


maximum daily flow out of lake:  1,410 cfs, April 10,


flow into lake:  37,400 acre-feet, March 31 to April 7,


rise in elevation of lake from March 31 to April 7:  6.68 feet.

1996    Maximum daily flow into lake:  3,030 cfs, March 14,


maximum daily flow out of lake:  328 cfs, November 1, 1995,


flow into lake:  18,300 acre-feet, March 12-17,


rise in elevation of lake, March 12-18:  2.02 feet.

1995    Maximum daily flow into lake:  1,670 cfs, March 13,


maximum daily flow out of lake:  402 cfs, April 30,


flow into lake:  7,800 acre-feet, March 11-16,


rise in elevation of lake, March 11-16:  1.39 feet.

1994    Maximum daily flow into lake:  1,400 cfs, March 20,


maximum daily flow out of lake:  165 March 27,


flow into lake:  14,100 acre-feet, March 13-22,


rise in elevation of lake, March 13-22:  2.37 feet.

USGS data

1993    Rise in elevation of lake from March 28 to April 3:  2.1 feet.

1991    Rise in elevation of lake, June 20-22:  1.7 feet.

Watertown Utilities Department data

*  October 1, 1997 through March 3, 1998 (provisional data).

06479450  Lake Kampeska Inlet/Outlet near Watertown, SD


Suspended sediment samples were collected using USGS techniques and were analyzed at  a USGS laboratory.  The data are:

       Date             Concentrations           Water Discharge

                           (milligrams/liter)    (cubic-feet-per-second)

April 2, 1997                 98                      3,980 into lake

April 3, 1997                 50                      2,270   “     “

April 4, 1997                 79                      3,960   “     “

April 11, 1997               18                      1,350 out of lake

April 12, 1997               14                      1,060   “   “    “


These samples were used to estimate the sediment loads for the period October 1, 1993-September 30, 1997.

1994-96                         493 days            280 tons out of lake

1997                                57    “               670   “      “   “    “

                                      550    “               950   “      “   “    “ 

1994-96  0-1,490 cfs    599 days           2,300 tons into lake

1997       0-1,490   “     303   “                 270   “      “     “

                                     902    “             2,570   “      “     “

                                     61.7% of days    36% of sediment load into the lake

1994-96   >1,490 cfs        4 days           1,270 tons

1997        >1,490   “         5    “              3,280   “

                                         9    “              4,550   “

                                         0.6% of days   64% of the sediment load into the lake

1994-97                     1,461 days             950 tons out of lake

                                                              7,120 tons into lake

Note:  One ton of sediment equals about 0.7 cubic yard.

 (corrected 2/2/99)

06479450  Lake Kampeska Inlet/Outlet near Watertown, SD

Quality of Water
Date collected:  March 14, 1995

Time collected:  1100

Collected by: J. R. Little & D. Crouse

Discharge:  763 cubic feet per second (cfs) into lake; USGS


FIELD DATA

Temperature, air:  44 degrees Fahrenheit (F)

Temperature, water:  5 degrees centigrade (C)

Color:  light brown

Specific conductance:  240 microsiemens per centimeter (US/CM)  7 C

Dissolved oxygen:  9.0 milligrams per liter (MG/L)  19 C

Dead Fish: none

Ph:  7.95

Film:  none

Ice cover:  no

Odor: none

Sample depth:  7 feet (ft)

Sample type:  grab

Secci disk:  1.1 feet

Turbidity:  15

Water depth:  12.6 feet

Wind: calm


LABORATORY DATA *

Fecal coliform:  220 per 100 millilitres (ML)

Alkalinity-M:  92.0 milligrams per liter

Alkalinity-P:  0 milligrams per liter

Ammonia:  0.57 milligrams per liter

Nitrate:  1.5 milligrams per liter

Total phosphate:  0.548 milligrams per liter; other:  T. phos. spk.=98.5% recovery

Total solids:  231 milligrams per liter

Suspended solids:  48 milligrams per liter

Total Kjeldahl Nitrogen (TKN):  3.05 milligrams per liter

Total dissolved phosphate:  0.407 milligrams per liter

*  sample analyzed at the South Dakota Department of Health Laboratory 

06479450  Lake Kampeska Inlet/Outlet near Watertown, SD

Quality of Water
Date collected:  April 25, 1995

Time collected:  1430

Collected by: T. Hagen

Discharge:  300 cubic feet per second (cfs) out of lake; USGS

Stage:  21.79 feet


FIELD DATA

Temperature, air:  10.5 degrees centigrade (C)

Temperature, water:  8 degrees centigrade

Color:  light brown

Specific conductance:  405 micromhos per centimeter (umoh/cm)

Dissolved oxygen:  12.9 milligrams per liter (MG/L)

Ph:  8.57

Ice cover:  no

Odor: none

Sample type:  grab

Secci disk:  1.8 feet (ft)

Turbidity:  18

Wind: moderate


LABORATORY DATA *

Fecal coliform:  10 per 100 millilitres (ML)

Alkalinity-M:  182 milligrams per liter

Alkalinity-P:  14 milligrams per liter

Ammonia:  <0.02 milligrams per liter

Nitrate:  0.2 milligrams per liter

Total phosphate:  0.569 milligrams per liter

Total solids:  356 milligrams per liter

Suspended solids:  48 milligrams per liter

Total Kjeldahl Nitrogen (TKN):  0.29 milligrams per liter

Total dissolved phosphate:  0.390 milligrams per liter

other:  T. diss. phos.=100% recovery

*  sample analyzed at the South Dakota Department of Health Laboratory

06479450  Lake Kampeska Inlet/Outlet near Watertown, SD

Quality of Water
Date collected:  August 30, 1995

Time collected:  1530

Collected by: T. Hagen, Amanda & Tim

Discharge:  469 cubic feet per second (cfs) into lake; USGS


FIELD DATA

Temperature, air:  23 degrees centigrade (C)

Temperature, water:  24 degrees centigrade

Color:  brown

Dissolved oxygen:  4.9 milligrams per liter (MG/L)

Dead fish:  none

Ph:  7.62

Film: none

Ice cover:  no

Odor: none

Turbidity:  yes

water depth:  13.0 feet (ft)

Wind: slight


LABORATORY DATA *

Fecal coliform:  280 per 100 millilitres (ML)

Ammonia:  0.05 milligrams per liter (MG/L)

Nitrate:  0.2 milligrams per liter

Total phosphate:  0.423 milligrams per liter

Total dissolved phosphate:  0.277 milligrams per liter

Total solids:  369 milligrams per liter

Suspended solids:  58 milligrams per liter

Total Kjeldahl Nitrogen (TKN):  1.37 milligrams per liter

*  sample analyzed at the South Dakota Department of Health Laboratory

Lake Kampeska Facts

Water surface elevation (WSE) at full:  1,717.8 feet above sea level, new datum, South 
Dakota Department of Water & Natural Resources (DWNR), March 1981.

WSE of Ordinary High Water Mark set by DWNR at 1,718.3 feet, new datum, March 
1981.

Datum correction to be applied to Watertown Utilities Department (WUD) data prior to 
November 25, 1984 is (-2.53 feet); therefore, WSE at full, old datum is 1,720.3 
feet, WUD, 1984.

Datum of WUD gage at water plant is 1,717.8 feet, new datum, at full = zero inches.

Datum of US Geological Survey (USGS) gage at Inlet/Outlet is 1,697.89 feet, USGS.

Elevation, set by DWNR in 1981, of crest of weir in Big Sioux River just downstream 
from the Inlet/Outlet is 1,717.8 feet; since 1985 notches have been cut to lower 
the crest.

WSE, 1881 maximum:  highest stage known; T. N. Babcock, 1943, Watertown Public 
Opinion (WPO); L. D. Lyon, WPO, 1897.

WSE, 1897 maximum:  1,723.7 feet, April 1; L. D. Lyon, WPO, 1897.

WSE, 1997 maximum:  1,723.7 feet, April 6, WUD; 1,723.67 feet, April 6, USGS.

WSE, 1893 maximum:  1,722.5 feet; L. D. Lyon, WPO, 1897.

WSE, 1943 maximum:  1,721.3 feet, April 1, WPO, 1943.

WSE, 1969 maximum:  1,721.2 feet, April 10, WUD.

WSE, 1986 maximum:  1,720.9 feet, April 4, WUD.

WSE, 1993 maximum:  1,720.9 feet, July 27, WUD.

WSE, 1979 maximum:  1,720.3 feet,  April, WUD.

WSE, 1994 maximum:  1,720.1 feet, March 22, WUD; 1,720.18 feet, March 23, USGS.

WSE, 1985 maximum:  1,720.0 feet, March 23, WUD.

WSE, 1995 maximum:  1,719.9 feet, April 20, WUD; 1719.92 feet, April 21, USGS.

WSE, 1984 maximum:  1,719.8 feet, June 21, WUD.

WSE, 1972 maximum:  1,719.7 feet, June, WUD.

WSE, 1991 maximum:  1,719.5 feet, August 11, WUD.

WSE, 1952 maximum:  1,719.3 feet, April 10, WUD.

WSE, 1934 minimum:  1,710.0 feet, J. T. Banner & Associates, Inc., 1965, Appendix D, 
page 81.

Depth, maximum at full:  16 feet, USGS, 1994.

Depth, average at full:  10 feet, DWNR, 1985.

Depth of sediment maximum:  17.9 feet, USGS, 1994.

Shoreline length at full:  13.5 miles, DWNR,1985.

Lake Kampeska Facts

Volume at full:  51,000 acre-feet, Corps of Engineers, 1994.

Area of water surface at full: 4,817 acres, 7.53 square miles (sq mi), Department of Environment & Natural Resources, (DENR) 1994.

Area of basin, contributing, including Still Lake basin:  492 sq mi, J. R. Little, 1996.

Area of basin, contributing, excluding Still Lake basin:  279 sq mi, J.R. Little, 1996.

Flow estimate, aquifer to lake: two cubic feet per second, 1985 data, J. R. Little, 1995.

Precipitation:  22.23 inches per year, US Department of Commerce, 1994.

Lake evaporation:  34 inches per year, SDSU Experiment Station.

Lake Kampeska Water Levels

New datum, full lake elevation is 1717.8 feet

                Highest                     Lowest

                Water                        Water

Year          Level     Date            Level     Date

                 (feet)                         (feet)

1881        highest                                              Highest known; Lyon-1897, Babcock-1943,

                                                                              Watertown Public Opinion (WPO)

1893       1722.5                       1719.1                L. D. Lyon, 1897, WPO

1897       1723.7      4/1            1717.9                L. D. Lyon, 1897, WPO

1928       1718.3     3/               1716.0    12/       from Banner report, 1965; forward

1929       1718.5     3/               1715.8    10/   

1930       1716.6     3/               1715.0    10/   

1931       1716.2     5/              1714.5     4/

1932       1715.9     7/              1714.7     1/

1933       1714.7     3/              1712.2     11/

1934       1712.2     1/              1710.0     12/      April-October data missing

1935       1713.0     7/              1710.4     1/        November data missing

1936       1713.2     5/              1710.4     11/      February data missing

1937       1719.0     6/              1710.4     1/        February and August data missing

1938       1718.7     5/              1716.7     12/      February data missing

1939                                                                   no data

1940                                                                   no data

1941                                                                   no data

1942       1718.0    6/               1715.9     3/        Ja, Fe, Ma, Au, Se, & No. data missing

1943       1721.3    4/1                                        WPO data, only April has data

1944       1717.5   12/              1716.7     11/      from Banner, 1965; Ja to Jul data missing

1945       1718.1   6/                1716.2     11/      Watertown Utilities Dept. (WUD) data

1946       1718.7   4/                1716.2     1/        from Banner report, 1965, forward

1947       1718.3   5/                1716.0     12/

1948       1719.0   4/                1716.0     1/

1949       1717.3   3/                1715.2     11/      December data missing

1950       1717.6   5/                1715.5     1/

1951       1718.6   4/                1716.0     1/

1952       1719.3   4/10            1715.8     12/

1953       1718.2   7/                1715.9     1/

1954       1717.8   6/                1716.1     11/

1955       1717.0   4/                1715.6     11/

Lake Kampeska Water Levels

New datum, full lake elevation is 1717.8 feet

                Highest                     Lowest

                Water                       Water

Year          Level  Date               Level     Date

                 (feet)                         (feet)

1956       1717.5   8/                1715.7     1/

1957       1717.8   5/                1716.7     8/

1958       1717.6   4/                1715.4     11/

1959       1715.7   4/                1714.0     11/

1960       1717.9   4/                1714.2     2/

1961       1716.9   6/                1715.7     11/      January data missing

1962       1719.1   5/                1715.7     1/

1963       1718.0   5/                1717.2     1/        August data missing

1964       1717.9   4/                1715.7     11/

1965       1718.7   5/                1715.7     1/

1966       1718.1   3/                1716.7     10/      Feb., May, Nov. & Dec. data missing

1967       1718.1   3/                1715.9     12/

1968       1716.3   6/                1715.6     10/

1969       1721.2   4/10            1716.0      3/       WUD data, forward; Ja & Fe data missing

1970       1718.1   6/                1716.3     10/

1971       1717.9   12/              1716.5     1/

1972       1719.7   6/                1716.6     12/

1973       1717.7   3/                1715.0     11/

1974       1716.1   6/                1714.1     10/

1975       1715.8   5/12            1713.9       2/

1976       1715.3   4/                1712.2     11/

1977       1714.3   6/                1712.2     1/

1978       1719.1   4/8              1714.3     1/

1979       1720.3   4/                1716.8     1/

1980       1718.7   4/9              1717.0     11/19

1981       1717.0   1/5               1715.0     12/2

1982       1716.8   6/1               1715.0     1/8

1983       1716.5   5/9               1715.0     10/9

1984       1719.8   6/21             1715.2     1/1

1985       1720.0   3/23             1717.4     7/15

1986       1720.9   4/4               1717.5     2/1

1987       1718.6   4/2               1716.3     11/10

Lake Kampeska Water Levels

New datum, full lake elevation is 1717.8 feet

                Highest                     Lowest

                Water                        Water

Year          Level  Date               Level     Date

                 (feet)                         (feet)

1988       1716.8   4/10             1714.4     10/30

1989       1717.7   4/29             1714.4     1/6

1990       1716.0   6/19             1714.7     11/4

1991       1719.5   8/11             1714.6     1/15

1992       1718.4   7/4               1717.3     10/13

1993       1720.9   7/27             1717.4     1/1

1994       1720.1   3/22             1717.4     10/1

1995       1719.9   4/20             1717.1     12/30

1996       1719.1   3/18             1715.7     10/12

1997       1723.7   4/6               1716.2     1/3     

Lake Kampeska

at Watertown Utilities Department Water Treatment Plant

Quality of Water
Date collected:  March 4, 1996

Time collected:  1000

Collected by:  J. DeVille & Everson


FIELD DATA

Specific conductance:  580 micromhos/centimeter (umho/cm)

Temperature, water:  38.7 degrees Fahrenheit (F)

Dead fish:  none

Ph:  8.57

Film: none

Ice cover:  yes

Odor: none

Sample type:  grab

Turbidity:  3.6

Wind: moderate


LABORATORY DATA *

Fecal coliform:  <10 per 100 milliliters (ML)

Alkalinity-M:  262 milligrams per liter (MG/L)

Alkalinity-P:  0 milligrams per liter

Ammonia:  0.07 milligrams per liter

Nitrate:  0.1 milligrams per liter

Total phosphate:  0.436 milligrams per liter

Total dissolved phosphate:  0.214 milligrams per liter

Total solids:  421 milligrams per liter

Suspended solids:  7 milligrams per liter

Total Kjeldahl Nitrogen (TKN):  0.75 milligrams per liter

Total hardness:  342 milligrams per liter

Calcium:  190 milligrams per liter

Manganese:  152 milligrams per liter

Atrazine:  <0.500 micrograms per liter (u/L), sample collected February 9, 1995

*  samples analyzed at the South Dakota Department of Health Laboratory

06479500 Big Sioux River at Watertown, SD

Period of record:  October 1945 to September 1972.

Datum of gage:  1,710.44 feet above MSL.

Maximum stage for period of record:  11.40 feet, April 8, 1969.

Maximum observed flow for period of record:  2,200 cfs, April 9, 1952.

Maximum stage known:  12.49 feet, April 6, 1997.

Maximum flow known:  5,800 cfs, April 6, 1997.

October 1, 1945 to September 30, 1972 (27 years = 9,862 days),


number of days the daily flow exceeded 1,140 cfs:  16 (9 in 1952,

           

                                                                             2 in 1962,

                       

                                                                 5 in 1969).


number of days the daily flow exceeded 1,640 cfs:  2 in 1952.

Big Sioux River at 4th Avenue at Watertown, SD

Maximum stage, 1997:  1,717.96 feet, April 6, after 8:00 am.

Maximum flow measured, 1997:  4,080 cfs, April 6 (0800), stage 1,717.88 ft.

Big Sioux River at Highway 212 at Watertown, SD

Maximum stage, 1997:  at least 1,715.1 feet, April 6.

Big Sioux River at Broadway at Watertown, SD

Maximum stage:  1997, at least 1,715.08 feet, probably occurred on April 6, 


after 10:00 am.

Maximum flow measured:  2,760 cfs, April 12 (1305), stage 1,714.94 ft.

06479515  Willow Creek near Watertown, SD

Datum of gage: 1,721.52 feet above MSL.

Maximum stage, 1972-1986:  9.86 feet, March 15, 1972.

Maximum stage, 1997:  11.21 feet, April 2.

Maximum flow, 1997:  3,650 cfs, April 5.

USGS data

06479520  Big Sioux River below Watertown, SD

Period of Record:  October 1994 to current year.

Datum of gage:  1,694.29 feet above MSL.

Drainage area:  1,902 square miles; of which 724 are contributing, 213 started 
contributing in 1994.

Maximum stage, October 1994 to September 1996:  11.78 feet, March 13, 1996.

Instantaneous peak flow, Oct. 1994 to September 1996:  1,600 cfs, March 12, 1985.

Maximum stage, October 1996 to September 1997:  13.13 feet, April 2, 1997.

Instantaneous peak flow, October 1996 to September 1997:  6,700 cfs, April 11.








       :  6,200 cfs, April 6.

Number of days the daily flow exceeded 2,000 cfs:  19 (19 in 1997),

                                                                   3,000 cfs :  6 (6 in 1997),

                                                                   4,000 cfs :  1 (1 in 1997).

USGS data  Flood of 1997

Water equivalent of snow pack in watershed upstream from Watertown prior to the 
melting period was 4.9 inches, U.S. Army Corps of Engineers.

On April 4 and 5, about 2.5 inches of rain fell on the watershed; 2.2 inches near  
Summit-South Dakota State Climatologist, 2.8 inches at Watertown-Watertown 
Public Opinion.

The freeze-up started early in the morning on April 6 and was severe, South Dakota State 
Climatologist.

Pelican Lake filled on April 10, U.S. Army Corps of Engineers.

Water Surface Profile

                                                               Maximum                       Fall in 

                                                                  stage           Date        Elevation

                                                                  (feet)                             (feet)

Big Sioux River near Florence                  1,790.09     April 2

                                                                                                        52.19

Big Sioux River near Watertown              1,737.90     April 5

                                                                                                        14.23

Lake Kampeska I/O near Watertown        1,723.67     April 6

                                                                                                          0.74

Big Sioux River at Watertown                  1,722.93     April 6 

                                                                                                          4.97

Big Sioux River at 4th Avenue                  1,717.96     April 6

                                                                                                          2.88

Big Sioux River at Broadway                   *1,715.08    April 6

                                                                                                          -----









          7.85

Big Sioux River below Watertown            1,707.42     April 2






       1,707.23     April 6

* at least this high

USGS data
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