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NOTICE TO USERS OF THIS MANUAL 
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Pertinent Data 
(also see Appendix A) 

Project Location: Big Sandy Lake Dam is on the Sandy River near Libby, Minnesota, 1.2 miles 
upstream of the confluence with the Mississippi River. The confluence is at river mile 1105.6 
above the Ohio River. The dam is 14 miles north of McGregor, Minnesota in Aitkin County. It is 
at Lat. 46° 47' 20", Long. 93° 19' 10", in Section 25, T50 N, R24 W.  
 
Drainage Area: 421 square miles  
 
Datum and Conversion: All elevations use the 1929 National Geodetic Vertical Datum (1929 
NGVD) unless otherwise stated. To convert to the 1988 North American Vertical Datum NAVD 
88, use the following: 1929 NGVD + 0.69 feet = NAVD 88. 
 
Embankment Type:     Earth Fill with timber diaphragm  
Embankment Length:     1,586 feet (total, left and right) 
Embankment Height:     20.5 feet 
Embankment Top Width:    22 feet 
 
       Elevation Capacity Area 
Big Sandy Reservoir     (feet)  (acre-feet) (acres) 
Gate Sill      1207.31 --  -- 
Min. Operating Limit/Winter Drawdown  1214.31 44,000  8,100 
Normal Summer Pool Level    1216.31 62,000  9,400 
Max. Operating Limit     1218.31 82,000  10,700 
Top of Dam      1221.31 118,000 12,900 
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1 Introduction 

 Authorization for Manual 

This manual was prepared in compliance with the following: 

a. Engineering Manual 1110-2-3600 titled "Management of Water Control Systems" dated 10 

October 2017; 

b. Engineering Regulation 1110-2-240 titled "Water Control Management" dated 30 May 2016; 

c. Engineering Regulation 1110-2-8156 titled “Preparation of Water Control Manuals” dated 

30 September 2018; 

d. 33 CFR 208.11; 

e. 33 CFR 222.5. 

This manual supersedes the previous manual dated January 2003 which superseded the 

previous manual dated 1963. It incorporates changes to the water control plan in accordance 

with the rehabilitation of the Big Sandy Lake Dam structure. 

 Purpose and Scope 

The purpose of this manual is to provide guidance and instruction for project personnel and to 

serve as a reference for others who may be involved with or affected by the regulation of water 

by this project. The manual is for daily use by project personnel for essentially all foreseeable 

conditions affecting the project. The scope of this manual covers all water control management 

activities as they relate to the hydraulic and hydrologic aspects of the project. 

 Related Manuals and Reports 

Prior reports pertinent to this manual are as follows: 

a. Headwaters Reservoirs Operations Study, Mississippi River, Minnesota, U.S. Army Corps of 

Engineers, St. Paul District, 29 October 1956 (Flood Control Guide Curve Study for Aitkin, 

MN). 

 

b. The Engineer Corps Manages Water: Problems of the Mississippi River and Six Reservoir 

Lakes, Conservation Volunteer, Minnesota Conservation Department, Robert Bulesmeier, 

Chief, Reservoir Management Section, St. Paul District, U.S. Army Corps of Engineers, July-

August 1957. 

 

c. The Upper Mississippi River Reservoirs, Gopher Historian, Lucile M. Kane, Manuscripts 

Curator, Minnesota Historical Society, Spring 1962. 

 

d. Master Reservoir Regulation Manual, Headwaters Dams and Reservoirs, U.S. Army Engineer 

District, St. Paul, Corps of Engineers, St. Paul, Minnesota, April 1963. 

 

e. Multiple Use Survey, Winnibigoshish and Leech Reservoirs, Report prepared by Chippewa 

National Forest, North Central Region, Milwaukee, Wisconsin, in cooperation with the Corps 
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of Engineers, United States Department of the Army, (undated, however received by the 

Corps on 25 August 1965). 

 

f. Master Reservoir Regulation Manual, Headwaters Dams and Reservoirs, U.S. Army Engineer 

District, St. Paul, Corps of Engineers, St. Paul, Minnesota, April 1963 (revised 19 February 

1968). 

 

g. Environmental Review of the Headwaters of the Mississippi River Reservoir Projects, Bemidji 

College, 1973. 

 

h. Review of Design Features of Existing Dams at Mississippi River Headwaters Reservoirs, RCA 

ENGCW-(OT)761, St. Paul District, Corps of Engineers, March 1974. 

 

i. Finding of Fact, Environmental Impacts of Operation and Maintenance Activities, Mississippi 

Headwaters Reservoirs, North Central Minnesota, Prepared in accordance with paragraph 

4b(2) of Engineer Regulation 1105-2-507, Conclusion: an Environmental Impact Statement 

(EIS) was not required under the provisions of Section 102 of the 1969 National 

Environmental Policy Act (NEPA), Public Law 91-190, Signed by Colonel Max W. Noah, St. 

Paul District Commander, U.S. Army Corps of Engineers, 18 April 1975. 

 

j. Mississippi River Headwaters - Master Plan for Public Use Development, St. Paul District, 

Corps of Engineers, August 1977. 

 

k. Effect of Different Operating Plans for the Six Mississippi River Headwaters Dams, Saint 

Anthony Falls Hydraulic Laboratory Project Report No. 184, University of Minnesota, 1979. 

 

l. Creativity, Conflict and Controversy: A History of the St. Paul District, U.S. Army Corps of 

Engineers, Raymond H. Merritt, U.S. Government Printing Office, 1979, 667-718.  

 

m. Limnological Study of Reservoirs in Minnesota, North Dakota and Wisconsin Operated by 

the St. Paul District, U.S. Army Corps of Engineers, Robert O. Megard, Department of 

Ecology and Behavioral Biology, University of Minnesota, Final Report for Government 

Contract No. DACW37-78-C-0167, November 1980. 

 

n. Mississippi River Headwaters Lakes Feasibility Study, Main Report and Appendices, Two 

Volumes, St. Paul District, Army Corps of Engineers, 1982. 

 

o. Computer Operations Study of Reservoir Operations for Six Mississippi River Headwaters 

Dams, Final Report and Appendices, Three Volumes, St. Paul District, Corps of Engineers, 

1982. 
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p. Area-capacity Table Reevaluation for the Mississippi River Headwaters Study, St. Paul 

District, Corps of Engineers, August 1983. 

 

q. Emergency Plan for Big Sandy Lake Dam and Reservoir, St. Paul District, Corps of Engineers, 

June 1987. 

 

r. Reservoir Regulation Contingency Plan, Mississippi River Headwaters Reservoirs, Prepared 

to Comply with the Water Resources Development Act of 1988, Public Law 100-676 

(November 17, 1988), Section 21, Department of the Army, Corps of Engineers, St. Paul 

District, St. Paul, Minnesota, April 1989. 

 

s. Mississippi River Headwaters Lakes in Minnesota - Low Flow Review, St. Paul District, Corps 

of Engineers, October 1990. 

 

t. Dam and Damages: The Ojibway, the United States, and the Mississippi Headwaters 

Reservoirs, Minnesota History, Minnesota Historical Society, Jane Lamm Carroll, Historian, 

St. Paul District, U.S. Army Corps of Engineers, Spring 1990. 

 

u. Operational Management Plan, Big Sandy Lake Dam and Reservoir, Corps of Engineers, St. 

Paul District, May 1994. 

 

v. Water Available from the Mississippi River at Minneapolis and Other Upstream Minnesota 

Locations During Low Flow Conditions, Section 22 Report, Corps of Engineers, St. Paul 

District, September 1994. 

 

w. The Rhetoric of Reservoirs, Minnesota History, Minnesota Historical Society, David R. 

Treuer, Leech lake Reservation, Leech Lake Tribe of Ojibway, Winter 1992. 

 

x. System-Wide Low-Flow Management Plan, Mississippi River above St. Paul, Minnesota, 

Interagency Agreement, September 1996, revised March 11, 2004, revised June 2015. 

 

y. Water Control Manual, Mississippi River Headwaters Project, Big Sandy Lake Dam and 

Reservoir, Sandy River, January 2003. 

 

z. Mississippi River Headwaters Reservoir Operating Plan Evaluation (ROPE), Upper Mississippi 

River Headwaters Bemidji to St. Paul, Minnesota Final Integrated Reservoir Operating Plan 

and Environmental Impact Statement, U.S. Army Corps of Engineers, St. Paul District, 

September 2009. ROPE Record of Decision was signed January 19, 2010. 

 

aa. Mississippi River Headwaters, Master Plan, October 2016. 

 Project Owner 

The United States Government is the owner of this project. 
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 Operating Agency 

The U.S. Army Corps of Engineers, St. Paul District, Operations Division, is responsible for the 

operation and maintenance of the Big Sandy Lake Dam and Reservoir Project. Regulation 

instructions for the project are provided by the District’s Engineering and Construction Division, 

Water Management Section. 

The Site Manager and Park Ranger are stationed at Big Sandy Lake Dam during normal duty 

hours, Monday through Friday. Typically, they are on-site from 8:00 am until 4:30 pm, 

throughout the year. During the summer recreation season, rangers are on-site on the 

weekends. The Supervisory Park Manager, Northern Headwaters Project Office is located at 

Pokegama Lake Dam and works normal duty hours. Information on contacting these personnel 

is listed in the introduction to this manual. 

 Regulating Agency 

The regulation of the project is under the supervision of the Water Management and Hydrology 

Section within the Hydraulics and Hydrologic Branch, Engineering and Construction Division of 

the St. Paul District, U.S. Army Corps of Engineers. Water Management has the direct 

responsibility to manage the lake level, outflow from the dam, and provide information to the 

National Weather Service and other agencies, all within the scope of the authorized project 

purposes. 

 Vertical Datum 

All vertical datum with in this manual is in NGVD 29. To convert to NAVD 88 apply the following 

formula: NGVD 29 + 0.69 ft. = NAVD 88







 
Interim Water Control Manual, Big Sandy Lake Dam and Reservoir 

 2-3 
 

 Physical Components 

a. Current Control Structure: The control structure consists of reinforced concrete abutments 

and piers supported by the original timber pilings. The total length of the structure between 

abutments is 109 feet (see Plates 2-3, 2-4, and 2-5). There are a total of 12 bays with a net 

width of 67 feet. This consists of 1 log sluice 11-foot wide, 6 gated bays, each 5-foot wide, 

and the previous lock chamber, now divided into 5 bays, each with an approximate width of 

5.2 feet and sill elevation of 1216.81 feet. The sill elevations of the log sluice and gated bays 

are 1207.31 feet. Additionally, 6 small openings above each of the gated bays allow 

uncontrolled discharge to occur whenever the lake level is above elevation 1218.31 feet. An 

8-foot wide roadway with a top elevation of 1223.5 feet is supported by the structure. The 

top of the control structure (top of the curb on roadway) is at elevation 1224.17 feet. There 

is a concrete spillway apron below Big Sandy Lake Dam with a top elevation of 1207.31 feet. 

The lock chamber is no longer operable as a lock. See also Exhibit A. 

 

b. Proposed Control Structure: The control structure consists of reinforced concrete 

abutments and piers supported by the original timber pilings. The total length of the 

structure between abutments is 109 feet (see Plates 2-3b, 2-4b, and 2-5b-place holders for 

new drawings from final design). There are a total of 10 bays with a net width of 65 feet. 

This consists of 1 dual leaf slide gate bay (11-foot wide), 6 slide gate bays (each 4.5-foot 

wide), and 3 aluminum stoplog bays (each 9-foot wide). Stoplog bays have a sill elevation of 

1216.81 feet. The sill elevations of gated bays are 1207.31 feet. Additionally, 6 small 

openings above each of the gated bays allow uncontrolled discharge to occur whenever the 

lake level is above elevation 1218.31 feet. An 8-foot wide roadway with a top elevation of 

1223.5 feet is supported by the structure. The top of the control structure (top of the curb 

on roadway) is at elevation 1224.17 feet. There is a concrete spillway apron below Big Sandy 

Lake Dam with a top elevation of 1207.31 feet. The lock chamber is no longer operable as a 

lock. See also Exhibit A. 

 

c. Emergency Spillway: There is no emergency spillway at Big Sandy Lake Dam. All flow is 

through the main control structure 

 

d. Embankments and Dikes: Big Sandy Lake Reservoir is contained by one main embankment 

and four perimeter dikes. The main embankments at Big Sandy Lake Dam consist of earth fill 

with a timber diaphragm. The right and left sections are 75 feet and 30 feet long with top 

elevations of 1225.31 feet and 1227.81 feet, respectively. 

 

The 4 perimeter dikes are in low areas and have a minimum top elevation of 1225.1 feet. 

They are designed to prevent an uncontrolled overflow of stored water during extreme 

flood events. The locations of the perimeter dikes are shown on Plate 2-6. Pertinent data for 

these dikes are listed in Table 2-2. 

 

An evaluation of the safety of the perimeter dikes was made for the 1982 Mississippi River 
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The Big Sandy Lake Project does not contain any additional integrated components. 

 

 Real Estate Acquisition 

a. Dam Site Recreation Area: the Federal Government holds fee title to 1,116 acres of land 

associated with the project. The Big Sandy Lake Dam and Recreation Area is located on the 

north shore of Big Sandy Lake and includes approximately 118 acres of land, of which 85 

acres is for recreation and 33 acres have been developed as campgrounds. 

b. Flowage Rights: In addition to the above, the Corps has flowage rights to 9,785 acres of land 

around Big Sandy Lake. The Bureau of Indian Affairs administers two parcels of land. See 

Plates 2-7 to 2-12.   

 Public Facilities 

Situated on the western edge of the Savanna State Forest, the Big Sandy Lake Dam and 

Recreation Area is located on the northwest shore of Big Sandy Lake. This Corps-owned area 

includes 118 acres of land, of which 33 acres has been developed as campgrounds. A portion of 

the area downstream from the dam is low, marshy, and subject to flooding. The makeup of the 

85 acres north of the dam, is relatively level and includes an extensive amount of marshland not 

usable for conventional recreation. Most of the developed areas have a park-like appearance 

with mowed grass and scattered trees being the only vegetation. The fringes of the developed 

areas are deciduous forest made up of oak, aspen, white pine, and birch, with relatively dense 

underbrush. The Big Sandy Lake recreation area and features are shown in Figure 2-1 and listed 

in Table 2-4. 
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Figure 2-1. Big Sandy Lake Recreation Area 
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3 History of Project 

 Authorization for Project 

The River and Harbor Act of 1881 (21 Stat. 468) authorized the construction of a dam at Big 

Sandy Lake. Other lakes affected include Leech, Pokegama, Sandy, Cross (Pine River) and Gull. 

Winnibigoshish was authorized by the River and Harbors Act of 1880. Following authorization of 

the reservoirs, Congress directed the Secretary of War to establish regulations governing their 

operation through the River and Harbor Act of 1888. 

 Planning and Design 

A plan to build a network of dams in the Headwaters region of the Mississippi River dates back 

to 1850. In that year, Congress asked Charles Ellet Jr., a civilian engineer, to conduct a survey 

and prepare a report on flood control and navigation on the Mississippi and Ohio Rivers. Ellet 

recommended, in his 1852 report, that a series of dams be constructed to regulate the erratic 

flow of the Mississippi. Ellet’s report was sent to the Corps of Engineers who in turn reported to 

Congress that the effort would be too expensive in comparison to the benefits. 

In the meantime William D. Washburn, who has often times been called the “father of the 

[Headwaters] reservoir system”, moved from Maine to Minnesota in 1857. His brother 

Cadwallader had acquired mining and lumber interests in both Wisconsin and Minnesota. 

William would go on to represent Minnesota in the state Legislature and both houses in 

Congress, and Cadwallader would become governor of Wisconsin. The Washburns invested in 

power development on the west side of St. Anthony Falls. By 1865 they owned a controlling 

interest in the Minneapolis Mill Company and were actively promoting Minneapolis as a 

manufacturing center. However, their grand manufacturing plans were threatened in 1863 and 

1864 when the flow of water in the Mississippi dropped to its lowest level in 25 years. The 

Washburns, and their consulting engineer, concluded that a constant flow in the river could be 

aided by an upstream reservoir system. In 1869, they directed a survey of the Upper Mississippi 

River to look for dam sites. Later that year they purchased 40 acres at Pokegama Falls above 

Grand Rapids as it presented a good location for a dam site. 

At about the same time, in 1868, the St. Paul District engineer, Major Gouverneur K. Warren, 

recommended a survey be conducted above St. Anthony Falls to ascertain “the practicability of 

forming large reservoirs on the headwaters of the Mississippi to aid in keeping navigation at low 

stages”. His report of April 30, 1870 suggested the construction of 41 reservoirs on the St. Croix, 

Chippewa, Wisconsin and Mississippi Rivers. The various watersheds covered a wilderness area 

of approximately 25,000 square miles. However, in the 1870's, the proponents of a reservoir 

system met strong opposition in Congress who were concerned that the dams would primarily 

benefit the logging, milling and water power industries. Congress resisted the efforts to stretch 

the “commerce clause” of the constitution beyond navigation. Thus, in 1878, Congress asked for 

an examination of the impact of a reservoir system on navigation below St. Paul to Lake Pepin. 

The report proposed that an experimental dam be constructed at the outlet of Lake 

Winnibigoshish to increase water levels below St. Paul during the summer. 
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In the meantime, William Washburn was elected to Congress in 1878 where he continued his 

fight for a federally-funded reservoir system. In turn, communities along the river pressured 

their Congressman to take measures to support steamboat traffic as a means to prevent a 

railroad monopoly. In 1879, the River Impoundment Association Convention strongly endorsed 

the reservoir system promoted by Congressman Washburn. 

The St. Paul business community saw through the intentions of Washburn and others. Even 

though the argument for the reservoir system was based on improving navigation from St. Paul 

to Lake Pepin, and on down to St. Louis, the St. Paul Board of Trade sent resolutions to Congress 

condemning the plan. The city opposed the scheme to obtain federally supplied water for 

industrial use while using navigation below St. Paul as a smoke screen. However, Congressman 

Washburn’s argument that there was little utility in dredging, building wing dams and making 

other improvements “unless there was adequate water in the channel” prevailed. As a result, in 

1880, Congress approved funds for the construction of the dam at Lake Winnibigoshish and 

construction began in the winter of 1881. Additional funding soon followed. The construction of 

Leech and Pokegama dams commenced in 1883 with all three operating by 1884. The 

construction of Pine River Dam commenced in 1885 and was completed in 1886. When the 

water released from the first 3 reservoirs backed up into Big Sandy Lake; a fifth reservoir was 

constructed there (1891-1895) in an attempt to keep the Sandy River from running backwards. 

There were clear benefits to the water power interests at St. Anthony Falls. The reservoirs 

increased the flow during August and September by forty percent and during October and 

November by fifty percent. Although the effect that these reservoirs had on navigation is not as 

easy to document; the increased flow helped navigation to some degree. Prior to the 

construction of the lock and dam system on the Mississippi River, water from the reservoirs was 

released for navigation when the stage at St. Paul dropped below specified levels.  

An engineer named William de la Barre was instrumental in taking advantage of the reservoirs 

for water power. De la Barre worked for the Minneapolis Mill Company (for which William 

Washburn was a majority owner). Under his direction, and supplemented by a steadier flow in 

the river, millpower was more than tripled from 1883 through 1889. In 1889, Washburn merged 

his company with Pillsbury and De la Barre took over direction of the combined interest. De la 

Barre increased the revenue of the new company fivefold over the next 20 years and more than 

quadrupled the horsepower of the mills. He did this in part by coordinating the companies’ 

water needs with the regulation of the reservoirs by the Corps. Soon the power interests 

needed additional water so they asked the federal government to construct more reservoirs. 

The Corps of Engineers, however, could not justify more reservoirs and recommended that the 

system be limited to the existing five impoundments. The power interests, however, insisted on 

having one more dam at Gull Lake. The site had been studied by the Corps in 1898 but 

abandoned because the flowage rights were too expensive. The Corps instead began rebuilding 

the existing dams. The push for a dam at Gull was kept alive, however, by De la Barre and his 

political associates. Finally, in 1900, John S. Pillsbury deeded 1,000 acres of land on Gull Lake to 

the federal government and subsequently Congress authorized the dam in 1907. The St. 

Anthony Power Company began to obtain leases from the numerous property owners around 
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the lake and deeded them over to the federal government in 1911 and the dam was put into 

operation the following year. 

For additional information on the Headwaters reservoirs, see Merritt: 1979 (see Section 1-03). 

For information on the effects that the reservoir project had on Indian Tribes see Carroll: 1990 

and Treuer: 1992 (see Section 1-03). 

 Construction 

The construction of the dam at Big Sandy Lake commenced early in May of 1891 and was 

completed in October of 1895. Native timber and other materials were used in the construction 

of the original dam due to the remote nature of the site in the wilderness. However, the timber 

materials were subject to rot. Replacement of Big Sandy Lake Dam began in 1907 and was 

complete by 1912. The Headwaters area had become more populated since the time the 

original structure was built, and with the roads greatly improved, it was decided that the 

replacement structure for the old timber dam could profitably be built of concrete.  

The basic structure remains in place except: the downstream apron was replaced in 1958, the 

lock chamber was converted into a stoplog control structure in 1958 (later replaced with a 

concrete curtain wall to elev. 1216.81 feet with stoplogs from there up to elev. 1219.31 feet), 

and installation of slide gates in 1971. The embankment sections were raised and lengthened 

because of high stages experienced during the 1950, 1969, and 1971 floods. 

 Related Projects 

Lake Winnibigoshish Dam, Leech Lake Dam, and Pokegama Lake Dam: Big Sandy Lake reservoir 

is one of the six Mississippi River Headwaters reservoirs (Plate 2-1) all of which are regulated by 

the Corps. Control facilities related to Big Sandy Lake Dam include: Lake Winnibigoshish and 

Lake Pokegama Dams on the Mississippi River, Leech Lake Dam on the Leech Lake River. Lake 

Winnibigoshish Dam and Leech Lake Dam are always operated so that, if possible, the combined 

outflow from these reservoirs does not exceed the Mississippi River channel capacity below the 

confluence of the Leech Lake River with the Mississippi River. During flood periods, 

Winnibigoshish, Leech, and Pokegama reservoirs are regulated to provide storage so that 

outflow can be reduced as necessary during high stages on the Mississippi River near Aitkin, 

Minnesota, and other areas downstream.  

Winnibigoshish, Leech Lake and Pokegama Dams control approximately 80 percent of the water 

impounded by the six Headwaters dams. The operation of Big Sandy Lake Dam is not related to 

the operation of Pine River or Gull Lake Dam. Also, no upstream nor downstream structures 

exist for Big Sandy Lake Dam or Sandy River. 

Aitkin, Minnesota Diversion Channel: A diversion channel upstream of Aitkin, Minnesota, 

assists in the flood risk management operation for Aitkin, Minnesota. 

As early as 1906, the annual report of the Chief of Engineers discussed the flood situation at 

Aitkin with particular reference to the Headwaters lakes regulation. Several plans had been 

suggested over the years to alleviate the flood condition in the Aitkin area, which included 
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dredging and channel straightening, building a dike system, a diversion channel, building a dam, 

and use of the Headwaters reservoirs solely for flood prevention. The dredging of the river 

channel and the dike systems were rejected for economic reasons. Investigations in the 

uncontrolled area indicated that there were no suitable dam sites. This left the only apparent 

solution to the problem, that of a diversion channel in conjunction with using Winnibigoshish, 

Leech, Pokegama, and Sandy reservoirs to store flood waters.  

A flood diversion channel at Aitkin was authorized by the Flood Control Act approved 30 June 

1948 (H.D. 599, 80th Cong., 2d session). Construction was started 21 August 1952 on a channel 

having a general east-west alignment between river miles 1064 and 1040.4 on the Mississippi 

River. The channel is about 6 miles in length with a bottom width of 90 feet and 1 on 3 side 

slopes except for a contracted section at each end of the main diversion channel. Also included 

were a channel about 1,100 feet in length leading the Little Willow River into the main diversion 

channel, a 2,800 foot channel diverting Wakefield Creek into the main diversion channel, and 

erosion control structures at the mouth of the Little Willow and Wakefield Creek diversions and 

at one other point. 

In addition, two supplementary cutoff channels are located downstream, the 800-foot Pine Knoll 

cutoff between miles 1040.9 and 1040.1 and the 1,300-foot Tow Head Rapids cutoff located 

between miles 1031.4 and 1030.5. The project was completed in June 1956. The responsibility 

for local cooperation was assumed by the Aitkin Drainage and Conservancy District which 

furnished assurances and provided necessary right-of-entry to lands required for construction. 

The project was transferred to local interests on 24 December 1956. 

In addition, by 1956, guide curves for the regulation of the Big Sandy Lake and Pokegama Lake 

reservoirs were developed to distribute, between Aitkin, Pokegama Lake and Big Sandy Lake, 

the total damages during flood periods (see Chapter 7). Lake Winnibigoshish and Leech Lake are 

regulated to assist Pokegama Lake during flood risk management operations. 

 Dam Safety History/Issues 

a. Historical Conditions: The original dam was constructed during 1891 to 1895 and has gone 

through numerous alterations or repairs. Some of the alterations or repair measures with 

the respective date of construction and a brief description of the work are listed in  

. More detail about the alteration or repairs can be found in Chapter 2 of the Periodic 

Inspection for Big Sandy Lake Dam. 

Big Sandy Lake Dam is currently categorized as Dam Safety Action Classification (DSAC) DSAC 

4 (low urgency). This classification was determined from a 2009 Screening for Portfolio Risk 

Analysis (SPRA). Since the project is currently categorized as DSAC 4, an Interim Risk‐

Reduction Measures Plan (IRRMP) is not required. A quantitative risk analysis for the 

existing condition has not been performed for the project. 

A preliminary screening‐level risk assessment was performed as part of the 2009 SPRA. This 

risk assessment did not capture any of the major concerns being used to recommend a 

design analysis report. The loading conditions considered by the SPRA included three 
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conditions. All outflow hydrographs were computed using the dam break component of the 

U.S. Army Corps of Engineers' HEC-1 model. 

b. Current Project Conditions: The 2016 Periodic Inspection revealed widespread concrete and 

timber apron deterioration both upstream and downstream of the dam. The vertical 

surfaces along the upstream right headwall, stop log slots and sluice gate sidewalls have 

significant spalling and exposed rebar. The downstream concrete floor in sluice gate bays #1 

through #6 are deteriorated and scoured. The upstream timber apron is significantly 

deteriorated and there are multiple areas where timber beams are missing. The full 2015 

Diving Inspection is located in Appendix F of the 2016 Sandy Periodic Inspection Report. The 

aprons are severely degraded and need repair. 

The scour hole underneath the timber apron upstream of Gate Bay No. 6 could potentially 

affect the continued safe operation of the project, and it is recommended that a fix is 

designed and implemented before the next Periodic Inspection.  

The Earthen embankments have all been inspected and appear to be in good condition, with 

no degradation or displacement. There were adequate levels of sod cover, and minimal 

vegetation within the riprap. The main inlet and outlet channels were also concluded to be 

satisfactory, with only small amounts of cracking from the grouted riprap. Latest soundings 

in 2011 showed a small scour hole which has not progressed from historical sounding but 

should still be monitored. 

The upstream face of the concrete control structure above the water line is in good 

condition. Below the water line, many areas of concern were identified in the 2015 diving 

inspection. The concrete surfaces at or below the pool water elevation were found to be in 

poor condition. There are holes in the concrete, seven to fourteen inches deep, with 

exposed rebar throughout the entire length of the curtain wall. The right abutment wall and 

concrete curtain wall has large areas of spalling. The membrane between the two faces of 

curtain wall were exposed and coming out of the joint. The structure had significant erosion 

along the piers and stop log slots. Areas of previous concrete repair are about fifty percent 

delaminated. The rubberized joint sealant is in good condition however. 

Various areas of seepage were noted during the 2015 diving inspection. The left 

downstream wingwall had multiple areas of seepage at the wall and slabs as well as 

between the walls and apron. Rusting was a key indicator the seepage is occurring at the 

stop logs. There was active seepage at the time of the 2015 inspection.  

The stop logs paint system is failing. There was corrosion coincident with the paint failure 

although there was no section loss noted. The current stop logs allow for significant leakage. 

The bottom logs cannot be removed by staff and as such, are of unknown condition. 

 Principal Regulation Issues 

Throughout the history of the dam there has been several associated issues with the structure. 

There has been significant erosion of the original concrete and timber apron. The embankment 

has been overtopped while temporary dikes were constructed during the 2012 flood. The 
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original stop logs when loaded have allowed significant leakage. More information of flooding, 

past and current condition can be found in section 4-06, 3-05 and the Periodic Inspection for Big 

Sandy Lake Dam. There has been no known channel deterioration or encroachment. 

a. Bank Erosion: Bank erosion due to higher than normal pool levels and wave action causes 

destruction to shoreline archaeological and cultural sites, damages recreation and 

commercial interests, and contributes to degraded water quality. Big Sandy Lake 

experiences considerable shoreline erosion due to its circular shoreline configuration and 

large range of lake level fluctuations. Of particular concern is erosion along the Big Sandy 

Lake shoreline near an Indian burial site. At the request of the Big Sandy Lake Reservation 

(see Chapter 9), the eroded shoreline near this site was repaired in the winter of 1983-1984. 

The repairs consisted of a pervious fill bank with a rock base, set at a slope of 1 vertical on 2 

horizontal. The top of the bank has settled, up to 2 feet in some places. Shoreline erosion 

around the six Mississippi River Headwaters lakes is the most serious on Winnibigoshish, 

Leech, and Big Sandy Lakes. 

 

b. Control Structure Overtopped: During the 1950 flood, Big Sandy Lake Dam was overtopped 

by 3.5 feet (see Section 4-06). Temporary dikes were constructed on the embankment to 

prevent erosion and loss of the structure. See Section 3-05. A temporary dike was 

constructed on the left side of the structure in 2012. 

 

c. Water Supply for Low Downstream Conditions/Navigation: Severe drought and low water 

conditions below St. Louis existed in fall of 2012. A directive to deviate from approved water 

control plans, dated 26 October 2012, was received from Mississippi Valley Division. The 

directive required the storage of up to 10% above the approved guide curves. In a 

coordinated plan, the stored water was released to minimize drought conditions. Sandy was 

included in a Mississippi Headwaters release plan which estimated a release of over 3,200 

cfs for six days and over 2,000 cfs for 11 days. The actual release was two days (over 3,200 

cfs) and 15 days (over 2,000 cfs). The Mississippi Headwaters release plan appears to have 

provided an additional outflow of approximately 2,000 cfs at Lock and Dam No. 10 for two 

days. It was only minimally successful in the St. Louis area.  The principal regulation issue 

was timing.  With the reservoir drawdown to begin on October 1 and normal ice formation 

by late October or early November, the ice on the reservoir had the potential of forming 

higher on the shoreline and causing damage.  See 1-03 r, 1-03 u, and 2-02 b. 

 Modifications to Regulations 

General regulations for the Mississippi Headwaters reservoirs were first established by the War 

Department in 1889 and were formally modified in 1931, 1935, 1936, 1944 and 1988. 

The first regulation governing the operation of the Headwaters dams (dated 1889) did not 

contain any information on water levels. The area surrounding the Headwaters lakes was largely 

undeveloped when the dams were first built in the late 1800's and early 1900's, consequently 

there were no serious objections to widely fluctuating lake elevations. However, as recreation 

on the reservoirs and downstream agriculture developed in the first quarter of the 1900's, local 
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landowner interests became more important in determining reservoir regulation. In addition, 

the need for supplemental releases from the six Headwaters lakes for navigation, hydropower 

and water supply was greatly reduced during and after the 1930's. As a result, the Secretary of 

War issued new regulations for the six Headwaters reservoirs during the period 1931-1944. The 

headwaters regulation is codified at 33 CFR 207.340. Section 21 of the Water Resources 

Development Act of 1988 (Public Law 100-676) and Section 3175 of the Water Resources 

Development Act of 2007 (Public Law 110-114) provided additional requirements. A description 

of the various regulation orders, as well as various other rules, guidelines and deviations that 

have occurred, are listed below. Also see   and Chapter 7. 

a. 1889 Regulation Order: The River and Harbor Act of Congress, dated 11 August 1888, 

directed the Secretary of War to establish regulations governing the operation of the 

Mississippi River Headwaters reservoirs. This request resulted in the 12 February 1889 

regulation orders, a copy of which can be found in the 1896 Annual Report of the Chief of 

Engineers, Part 3, pages 1829-1831. The 1889 regulations were probably republished in 

1896 due to the recently completed dam at Big Sandy Lake in October 1895.  

 

The 1889 regulation does not list specific reservoir levels or discharge requirements; nor 

does it mention specific reservoirs. [By 1896, only Lake Winnibigoshish, Leech Lake, 

Pokegama Lake, Big Sandy Lake and Pine River Dam were completed.] In general the 

regulation provided:  

i. Penalties for violating the orders 

ii. Authority to the officer-in-charge to store water for use in downstream navigation 

“until the limit of capacity or safety of the reservoirs is reached” 

iii. Rules for the sluicing of logs 

iv. Sole discretion for the operation of gates to the officer-in-charge. 

Operating levels, however, were developed by the officer-in-charge based on physical 

limitations and engineering judgment. These levels through usage became known as the 

“Original Operating Limits” (see   and Chapter 7). The lower limits were usually the 

sill elevation of the dam or some other physical limitation that governed releases. The upper 

limits were set, with the later exception of Gull, at a point lower than the flowage rights 

acquired for each dam while still providing some freeboard below the top of the dam. 

Sandy’s “Original Operating Limits” are 1207.91 ft. to 1218.31 ft. (0.6 ft. to 11.0 ft. stage). 

b. 1931 Regulation Order: In 1929 and 1930 the Headwaters reservoirs were lowered in an 

effort to test their capabilities to increase flows below St. Paul. Subsequent dry weather 

(low inflows) resulted in continued low water levels. Resort owners and local residents 

organized and demanded the establishment of minimum operating levels to provide them 

with more reliable conditions. As a result, on 11 February 1931, the Secretary of War 

revoked the 1889 regulations and issued the 1931 order which included both high and low 

water operating limits (see  ). A minimum discharge of 10 cfs was prescribed for Big 

Sandy Lake and, at the request of the Minnesota Lake Levels Association, the lower 

operating limit was raised 6.4 feet to 1214.31 feet (7.0 ft. stage). An upper operating limit 
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was also specified (1218.31 feet, 11.0 ft. stage) and rules regarding the release of water for 

navigation and the sluicing of logs were clarified in addition to other details.  

 

c. 1935 Regulation Order: In the years 1930 through 1934 many protests were received in the 

District office in regards to low water levels. As a result, on 14 May 1935, the Acting 

Secretary of War modified the 1931 regulations reducing Pokegama’s minimum flow value 

and changing the values at Pokegama, Sandy, Pine and Gull to an “average annual 

discharge”. This allowed the dams to be completely closed at times for various reasons to 

include low inflows or maintenance. These minimum flow changes did not affect Lake 

Winnibigoshish or Leech Lake. However, a clarification to the operational limits was added 

to minimize the range of fluctuations in levels in any reservoir in a single year. See  .  

d. 1936 Regulation Order: Hearings were held in 1935 due to the failure of the Winnibigoshish, 

Leech and Pokegama to reach desirable levels. As a result, on 4 February 1936, the Secretary 

of War issued new regulations which changed, among other things, the minimum flow value 

at Winnibigoshish and Leech to an average annual value (all 6 reservoirs now had average 

annual minimum discharges). The average annual discharge of 10 cfs at Sandy (stated in the 

1935 order) was changed to 80 cfs. Only minimum operating limits are listed in this 

regulation. However, the regulation does not preclude the reservoirs from being operated 

up to the upper limits listed in both the 1931 and 1935 regulations. Correspondence 

indicates that storage up to the maximum limits could be used “should extremely wet years 

necessitate this action” See  . 

 

e. 1944 Regulation Order: This order for the Headwaters reservoirs did not affect Big Sandy 

Lake. The order lowered the minimum elevation for Leech Lake one foot, from 1293.70 feet 

(1.0 ft. stage) to 1292.70 feet (0.0 ft. stage) in order to allow the “normal” (ordinary) upper 

limit to be reduced from 3.5 feet to 3.0 feet. A minimum stage of 0.0 feet was not possible 

without an official change in the regulations. This proposal came as a result of a meeting 

held in Walker, Minnesota on 25 October 1944, which was hosted by Congressman Harold 

Knutson. The meeting was held following 4 months of very wet weather conditions. See 

 . 

 

f. Title 33, Section 207.340, Code of Federal Regulations: This regulation codifies all of the 

orders affecting the Headwaters reservoirs through the 1944 Regulation Order. Section 21 

of the Water Resources Development Act of 1988 (Public Law 100-676) and Section 3175 of 

the Water Resources Development Act of 2007 (Public Law 110-114), as well as the 

referenced Reservoir Regulation Contingency Plan, provide additional direction. 

 

g. 1963 Findings of Fact Conclusions Order, State of Minnesota and Plan of Operation: The 

1963 Findings of Fact from the State of Minnesota, Department of Conservation, 

Commissioner of Conservation, dated 19 April 1963, and the Plan of Operation from the 

Division of Game and Fish, dated 15 August 1963, outline some recommendations regarding 

the operation of the Headwaters reservoirs. The Commissioner lists various operation 

guidelines in the 19 April 1963 Findings of Fact and mentions that recommendations from 
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the Division of Game and Fish will be developed and kept on file. The subsequent 15 August 

1963 Plan of Operation outlines the recommendations from the earlier Findings of Fact, 

while adding guidelines related to changes in discharge, spring spawning, springtime 

operation and clarifying minimum releases, among other things. No reference is made, of 

course, to these guidelines in Appendix D, Table G-10 of the Headwaters Master Reservoir 

Regulation Manual, dated April 1963. However, Appendix D, Table G-10 of the revised 

Master Manual, dated 19 February 1968, references the State’s Plan of Operation as it 

relates to maximum and low-flow discharges.  

 

No formal agreement exists between the State of Minnesota and the Corps of Engineers 

regarding the 1963 recommendations and they are not legally binding upon the Corps. In 

actual practice, the Corps makes a good faith effort to regulate the Headwaters lakes in 

conformance with the 1963 maximum and low-flow discharge guidelines whenever possible 

and when not in conflict with the authorized project purposes or other federal mandates. 

Some small adjustments have been made to the guidelines. Following is a summary of the 

guidelines adopted and/or considered from the 19 April 1963 Findings of Fact and the 

subsequent Plan of Operation signed on 15 August 1963. Also see Chapter 7. 

 

1. Maximum discharges from the reservoir were recommended for elevations 

ranging from 1207.31 feet to 1218.31 feet (0.0 ft. to 11.0 ft. stage). See 

Chapter 7 for details. 

2. A minimum discharge from the reservoir was recommended for periods 

when the pool was at or below critical elevations. See Chapter 7 for details.  

 

h. 1988, Public Law 100-676, Section 21, Water Resources Development Act of 1988. This 

Public Law, dated 17 November 1988, was a result of the drought of 1987-1988. In 1988, 

Minnesota Governor Rudy Perpich asked the Corps of Engineers to make supplemental 

releases from the Headwaters reservoirs to meet downstream water use requirements. 

When rainfall returned to the region in early August of 1988, the Corps denied the request. 

Congressman Oberstar however, determined that some Congressional oversight was 

needed related to the use of the water contained within the reservoirs for the benefit of 

upstream and downstream uses. As a result, the Public Law states that the Secretary of the 

Army must notify Congress 14 days in advance of any reservoir going outside prescribed 

minimum and maximum operating limits. In addition, a Reservoir Regulation Contingency 

Plan was provided to Congress in compliance with the Public Law (see Section 1-03). The 

Congressional notification elevations for Big Sandy Lake reservoir are elevations 1214.31 

feet and 1218.31 feet (see   and Chapter 7). Since the law was enacted, a situation 

requiring Congressional notification has not occurred. 

 

i. 2007, Public Law 110-114, Section 3175, Water Resources Development Act 0f 2007: 

WRDA 2007 amended Section 21 of WRDA 1988 by adjusting elevations and allowing the 

Secretary to operate the headwaters reservoirs below the minimum or above the maximum 

water levels in accordance with water control manuals, after consultation with the Governor 
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of Minnesota and other stakeholders. Water control manuals become effective when the 

Secretary transmits them to Congress, and Congress must be notified at least 14 days before 

operating any headwaters reservoir above or below specified water level limits, unless such 

operations are necessary to prevent loss of life, to ensure dam safety, or in anticipation of 

flood risk management. 

 

j. 2010, Mississippi River Headwaters Reservoir Operating Plan Evaluation (ROPE) Study and 

Record of Decision: The ROPE study showed that Sandy had little to no effect on helping 

with the balanced flood damages from the 1956 guide curves. The ROPE study removed 

Sandy from the guide curves and stated, for the maximum benefit, Sandy should release as 

much water as possible prior the backwater from the Mississippi River. The ROPE low flow 

requirements fulfill Federal requirements and supersede the Minnesota DNR guidelines. 
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4 Watershed Characteristics 

 General Characteristics 

Big Sandy Lake reservoir controls the runoff from 421 square miles. The basin is located 70 miles 

west of Duluth and 120 miles north of Minneapolis, Minnesota, and is the most easterly 

watershed of the six Headwaters basins. It is the only Headwaters reservoir basin not sharing a 

common boundary with another Headwaters reservoir watershed. The basin extends eastward 

from the Mississippi River approximately 26 miles and is about 18 miles wide in the north-south 

direction (see Plate 2-1a). 

The water in Big Sandy Lake originates from four main rivers: the West Savanna from the north, 

the Prairie and Tamarack from the east, and the Sandy River from the south. The Prairie River is 

the longest stretching approximately 30 miles. The average river slope is about 3.3 feet per mile. 

The land elevation ranges from a high point of 1,575 feet in the far eastern portion of the 

watershed to an elevation of 1217 feet. 

The Mississippi River Headwaters basin lies within the Minnesota section of the hemlock-white 

pine-northern hardwoods region of the deciduous forest in eastern North America. Sugar maple 

and basswood dominate in the southern portion; white spruce, balsam fir, and paper birch 

dominate the northeastern reaches; and intermediate communities occupy the central areas. 

Pine subclimaxes are common throughout the region. Pines often occupy sites which have light-

textured soils, while hardwoods prefer the heavier soils. Oaks and aspen form successional 

communities on upland sites, while elms and ash form communities on low-lying areas. Lowland 

conifers occupy wet areas having organic soils. Forest communities dominate the shoreline 

vegetation of the six Headwaters lakes; lesser amounts of bog, marsh, and grassy areas are 

present. Upland sites are occupied by birch-aspen and pine-mixed hardwoods communities, 

while elm-ash is common in the lowlands. Maple-basswood communities are found on higher 

ground behind elm-ash stands. Marsh communities are also abundant. The marsh vegetation 

consists mainly of cattail with scattered alder, willow, ash, aspen, and birch. 

 Topography 

The topography of the Big Sandy Lake watershed is predominantly flat with gentle rolling hills 

characteristic of glacial effects. Much of the area to the south and east is marshland. The hills 

rise from 80 to 200 feet above the low areas. The land elevation ranges from a high point of 

1,575 feet in the far eastern portion of the watershed to an elevation of 1217 feet at Big Sandy 

Lake. Elevations in the Prairie River basin range from elevation 1315 feet at its origin to 

elevation 1217 feet at the mouth at Big Sandy Lake. The runoff from Big Sandy Lake watershed is 

slow and significantly attenuated as a result of the relatively flat topography and the presence of 

many lakes and wetlands. 

 Geology and Soils 

The area surrounding Big Sandy Lake in Aitkin County is primarily glacial till plain with a large 

outwash area characterized by surface deposits of sand and gravel to the northwest. The soil of 
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the till plain area is brownish, slightly acidic, with pebbles and boulders of granite and gneiss 

incorporated into it. 

Aitkin County is relatively flat and includes numerous lakes and large areas of poorly drained 

swamplands. A thick mantle of glacial drift covers the entire surface of Aitkin County and 

overlies older rock formations. This glacial mantle is 100 to 150 feet thick. This material was 

deposited over two to three glacial periods. The low land lying north of Aitkin was the site of 

glacial Lake Aitkin, which was formed by the partial barrier of glacial material deposited across 

the Mississippi River channel. Melting water breached the barrier, and allowed the lake to drain, 

leaving remnants of beach ridges and lacustrine deposits of silt and clay in the old lake area. 

Extensive peat lands cover approximately 40 percent of the county and average 5 feet in 

thickness. A large peat or muskeg area extends over 75 to 100 square miles and is located north 

of Aitkin. Due to the presence of wetlands with high organic material, the runoff from Big Sandy 

Lake watershed is slow with low amounts of sediment. 

 Sediment 

Erosion and sediment production from rivers within the watershed is a relatively minor problem 

due to the forest cover, soil types and land topography in the area. Sediment production from 

shoreline erosion within the reservoir boundaries is of concern for the loss of real estate and 

water quality reasons, but has only a very minor impact on the elevation-storage characteristics 

of the reservoir. Shoreline erosion within the Mississippi River Headwaters lakes is caused 

primarily by high lake levels combined with wind and wave action which accelerate erosion. The 

progressive loss and deterioration of lakeshore lands and related vegetation can destroy 

shoreline archaeological and cultural sites, damage recreational, residential, and commercial 

interests and contribute to reduced water quality. Sedimentation surveys have never been 

performed due to physical and fiscal restrictions and a perceived lack of need. A more complete 

discussion of bank erosion problems can be found in Section 3-06b. 

 Climate 

The Headwaters lakes area has warm, short summers which can be followed by long, severe 

winters with snow on the ground from November to March. The growing season, between the 

last killing frost in the spring and the first killing frost in late summer or early fall, varies from 

about 143 days in Aitkin and Itasca Counties (Leech, Winnibigoshish and Pokegama Dam area) to 

148 days in Aitkin and Crow Wing Counties (Sandy, Pine and Gull Dam area). Warm summer 

days and cool evenings during the growing season contribute to favorable conditions for 

production of soybeans, oats, barley, flax, hay and wild rice. 

a. Temperature: At the northern end of the Headwaters region, temperatures average 

approximately +5 degrees Fahrenheit in January and +65 degrees Fahrenheit in the summer 

months. In the southern portion of the Headwaters area, temperatures are typically about 5 

degrees Fahrenheit warmer. Great extremes can occur, and temperatures below -50 

degrees Fahrenheit and above +100 degrees Fahrenheit have been recorded. 
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and maintenance of the proposed project. Lake stage was chosen as the primary hydrologic 

variable to analyze for this project with discharge as its proxy.  

 

The Mississippi River Headwaters ROPE (Reservoir Operating Plan Evaluation) study states 

“experience has shown that as the snow melts and stages at Aitkin rise, the maximum flood 

damage reduction benefit for both Big Sandy Lake and Aitkin is obtained by releasing as 

much water as possible through the dam prior to the backwater effect from the Mississippi 

River restricting the outflow through the gates. Even though the gates are often wide open 

by this time, the outflow approaches zero as the tailwater level below the dam rises with 

very little flow from the Sandy River making its way to Aitkin. By releasing as much water as 

possible early on, Big Sandy Lake retains as much storage as possible to assist Aitkin while 

keeping its ultimate peak lake elevation as low as possible.” The maximum discharge does 

not influence flooding because the tailwater from the Mississippi River is higher than lake 

levels during flooding. Lake Discharge will not be analyzed for this project as lake discharge 

does not affect flooding in regard to climate change. 

 

f. Literature Review: Climate Change Trends at a Regional Scale: Both historic, observed 

hydrometeorological datasets, as well as projected, climate changed hydrometeorological 

data was looked at to support some broader statements about how the climate may change 

over the 50 year project life and 100 year, project performance horizon. Important, driving 

hydrometeorological variables include precipitation and temperature. The magnitude, 

seasonal and interannual variation, duration, and rate of change of these variables can 

affect physical, chemical, and biological characteristics of ecosystems. 

 

A series of regional summary reports on trends in both observed and projected 

hydrometeorological variables were published by the USACE in 2015. In Water Resources 

Region Hydrologic Unit Code (HUC) 07, the Upper Mississippi Region, the report concludes 

that “increased air temperatures and increased frequencies of drought, particularly in the 

summer months, will result in increased water temperatures. This may lead to water quality 

concerns, particularly for the dissolved oxygen levels, which are an important water quality 

parameter for aquatic life. Increased air temperatures are associated with the growth of 

nuisance algal blooms and influence wildlife and supporting food supplies. Increased mean 

annual precipitation in the region may pose complication to planning for ecosystem needs 

and lead to [increased] variation in flows (Civil Works Technical Report CWTS-2015-13, 

USACE (2015)).” These conclusions were based on a large body of research cited in the 

report, some of which is summarized below. 

 

In the Upper Mississippi Region, a statistically significant trend of increasing air temperature 

was found based on observed temperature data for the winter, spring, and summer months; 

however, a slight decreasing trend was observed in fall temperatures based on the 1950 to 

2000 time period (Wang et al. 2009, Westby et al. 2013). A study by Westby et al. conducted 

in 2013, quantified statistically significant warming for the most northern portion of the 

Upper Mississippi Region and a general cooling trend for the southern region. A study by 
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Johnson and Stefan (2006) identified numerous trends in 20th century hydro-climate data 

for sites across Minnesota suggestive of a warming climate. These include earlier ice-out 

dates and later ice-in dates for lakes and earlier spring runoff. 

 

Multiple authors have identified significant, increasing trends in total precipitation in 

historical records for the study region. Palecki et al. (2005) quantified statistically significant 

increases in winter storm precipitation totals for the 1972 to 2002 time period. Grundstein 

(2009) identified significant, positive linear trends (period 1895 – 2006) in both annual 

precipitation and the soil moisture index for multiple sites within the Upper Mississippi 

Region. Wang et al. (2009) identified a significant increasing trend in precipitation for the 

Upper Mississippi Region, particularly in the summer and fall (1950 to 2000). For the 

northern half of the region, a mild decreasing trend was identified during the winter and 

spring. A study by McRoberts and Nielsen-Gammon (2011) found that the positive trend in 

annual precipitation indicates an increase on the order of 5 – 20% per century (1895 to 2009 

time period). 

 

Streamflow/discharge and duration are the most important hydrometeorological variable 

affecting ecological conditions and engineering resilience for the project. Elevated water 

surface elevations, which are directly related to streamflow, can affect all of the project’s 

objectives - increase the diversity and percent cover of desirable emergent and submergent 

aquatic plant species and provide quality feeding and resting habitat for a wide variety of 

waterfowl and waterbirds. Trends in streamflow and the corresponding water surface 

elevations will be considered when designing project features. The 2015 USACE literature 

synopsis cites a number of studies that identified trends of increasing flow metrics in the 

Upper Mississippi River Basin (Mauget 2004, Small 2006, Novotny and Stefan 2007, Kalra 

2008, Xu 2013). Mauget (2004) analyzed 42 daily streamflow gages throughout the U.S., 

nine of which are located within the Upper Mississippi Region. He identified an increasing 

trend (1939 – 1998) in observed, mean annual river flow in the Mississippi watershed as a 

whole, including the Upper Mississippi and a significant increase in “surplus” flow days and a 

decrease in drought incidences for the latter part of the record compared to earlier years. 

Xu et al. (2013) identified statistically significant positive trends in both observed annual 

streamflow and baseflow for multiple stream gages in the Upper Mississippi Region. 

Novotny and Stefan (2007) analyzed 20th century historic streamflow data from 36 gages 

scattered across Minnesota, most of which were located in the Upper Mississippi Region. 

Novotny and Stefan (2007) applied trend analysis to a number of different flow metrics, 

including mean flow, 7-day low flow, and peak flows and found statistically significant (p-

value <0.1) increasing trends for the period of 1913 to 2002. 

 

In addition to consulting the USACE literature synthesis for Water Resources Region 07, the 

Upper Mississippi Region, results from the US Global Research Program’s Third National 

Climate Assessment for the Upper Midwest were evaluated. Figure 4-1, from the US Global 

Research Program’s Third National Climate Assessment completed in 2014, shows estimates 

of increased precipitation throughout the Upper Midwest for the middle of the current 
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variables as well as an indication of the level of consensus within the literature according to 

the USACE literature synthesis. 

 

 

Figure 4-2. Summary of climate trends and literary consensus (USACE, 2015) 

 

These observed and projected increasing trends in air temperature and precipitation as well 

as observed streamflow could affect ecosystem conditions in the project area and the 

engineering resilience of project features and should be considered during planning and 

design. 

 

g. First Order Statistical Analysis, Trends in Streamflow & Climate Change at a Regional Scale: 

The USACE Climate Hydrology Assessment Tool was used to investigate potential future 
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As expected for this type of qualitative analysis, there is considerable, but consistent spread 

in the projected annual maximum monthly flows. The spread in the projected annual 

maximum monthly flows is indicative of the high degree of uncertainty associated with 

projected, climate changed hydrology. See Figure 4-4. 
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Figure 4-4. Range of Projected Annual Maximum Monthly Streamflow among Ensemble of 93 Climate-Changed 
Hydrology Models, HUC 0701 Mississippi Headwaters 

As shown in Figure 4-5 below, there is a statistically significant increasing trend in the mean 

projected annual maximum monthly streamflow. The p- value associated with this trend is 

less than 0.02. This is less than the generally accepted threshold for significance of 0.05. This 

finding suggests that there is potential for annual maximum monthly streamflows to 

increase in the future in the study area, relative to the current conditions. 
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Figure 4-5. Mean Projected Annual Maximum Monthly Streamflow, HUC 0701 Mississippi Headwaters. Trendline 
Equation: Q = 8.84568*[Water Year] – 2884.03, p < 0.05 

h. Screening Level Vulnerability Assessment to Climate Change Impacts: The USACE 

Watershed Climate Vulnerability Assessment Tool was also used to compare the relative 

vulnerability of the HUC 0702, the Minnesota watershed, to climate change to the other 201 

HUC- 04 watersheds across the continental United States (CONUS). The tool facilitates a 
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screening level, comparative assessment of how vulnerable a given HUC-04 watershed is to 

the impacts of climate change. The tool can be used to assess the vulnerability of a specific 

USACE study to project climate change impacts. For this study both the Ecosystem 

Restoration and Flood Risk Reduction business lines were analyzed. This project is related to 

ecosystem restoration, but because of the flood stage impacts constraints, flood risk 

reduction is also relevant. Assessments using this tool help to identify and characterize 

specific climate threats and particular sensitivities or vulnerabilities, at least in a relative 

sense, across regions and business lines. The tool uses the Weighted Order Weighted 

Average (WOWA) method to represent a composite index of how vulnerable a given HUC-4 

watershed (Vulnerability Score) is to climate change specific to a given business line. The 

HUC-4 watersheds with the top 20% of WOWA scores are flagged as being vulnerable. 

 

Indicators considered within the WOWA score for Ecosystem Restoration include: change in 

sediment load, short-term variability in hydrology, runoff elasticity (ratio of streamflow 

runoff to precipitation), macroinvertebrate index (sum score of six metrics indicating biotic 

condition), two indicators of flood magnification (indicator of how much high flows are 

projected to change overtime), mean annual runoff, change in low runoff, and percent of at 

risk freshwater plant communities. 

 

Indicators considered within the WOWA score for Flood Risk Reduction include: long-term 

variability in hydrology, runoff elasticity (ratio of streamflow runoff to precipitation), two 

indicators of flood magnification (indicator of how much high flows are projected to change 

overtime) and urban area (acres) within the 500 year floodplain. 

 

When assessing future risk projected by climate change, the USACE Climate Vulnerability 

Assessment Tool makes an assessment for two 30-year epochs of analysis centered at 2050 

and 2085. These two periods were selected to be consistent with many of the other national 

and international analyses. The tool assesses how vulnerable a given HUC-04 watershed is 

to the impacts of climate change for a given business line using climate changed hydrology 

based on a combination of projected climate outputs from the general climate models 

(GCMs) and representative concentration pathway (RCPs) resulting in 100 traces per 

watershed per time period. The top 50% of the traces by flow volume are called the “wet” 

subset of traces and the bottom 50% of the traces are called the “dry” subset of traces. 

Meteorological data projected by the GCMs is translated into runoff using the USBR Variable 

Infiltration Capacity (VIC) Macroscale hydrologic model. For this assessment, the default, 

National Standards Settings are used to carry out the vulnerability assessment. 

 

1) Ecosystem Restoration Vulnerability Assessment: Based on the results of the 

USACE Watershed Climate Vulnerability Assessment Tool presented in Figure 4-6 

below, relative to the other 201 HUC04 watersheds in the CONUS, the Mississippi 

Headwater watershed (HUC 0701) is relatively more vulnerable to the impacts of 

climate change on ecosystem restoration. For the Mississippi Headwater watershed, 

the major drivers of the computed vulnerability score are, “At Risk Freshwater 
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i. First Order Statistical Analysis: Site Specific Trends in Observed Precipitation and Air 

Temperature Data: In addition to analyzing river discharge, ECB 2018-14 requires the 

climate change analysis to include information for other variables relevant to hydro-climatic 

conditions such as temperature, evaporation rates and precipitation. The qualitative 

analysis required by this ECB should focus on those aspects of climate and hydrology 

relevant to the project’s problems, opportunities, and alternatives. The primary variables 

relevant to this project, besides discharge would include precipitation and air temperature. 

Trends in total annual precipitation and average annual air temperature are evaluated. 

 

The data for these two variables is collected from the NOAA National Climatic Data Center 

(NCDC) station USC00211630 (Cloquet, MN US). The datasets cover 97% of the years 

between 1912 and 2015. The location of the station in relation to the project can be viewed 

in Figure 4-8. This is the closest station near Big Sandy Lake with evaporation data and a 

high percentage of data covered. 

 

 

Figure 4-8. NOAA National Climactic Data Center Location in Cloquet, MN 

a. First Order Statistical Analysis: Total Annual Precipitation: The USACE Timeseries 

Toolbox application is used to assess the stationarity of the precipitation record 

recorded by the Cloquet, MN gage near the Minnesota River Basin. Four of the 

twelve non-stationarity detection tests included within the Timeseries Toolbox 

indicate that there is a statistically significant, non-stationarity in the year 1963 (see 

 , below). Two different statistical tests are indicating a change in mean and 

two tests are indicating a change in overall statistical distribution. Thus, there is 
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Figure 4-9. Nonstationary Analysis of Total Annual Precipitation at the Cloquet, MN Climatic Gage from 1912 to 2015 
using the Time Series Toolbox 
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Figure 4-10. Total Annual Precipitation at the Cloquet, MN Climatic Gage from 1912 to 2015 & Subsets of Data 
Selected Based on the 1976 Nonstationarity 

 

b. Air Temperature Nonstationarity Detection Tests: The USACE Timeseries Toolbox 

application is used to assess the stationarity of the average annual air temperature 

record recorded by the Cloquet, Minnesota gage near the Big Sandy Lake Basin. 

Four of the twelve different non-stationarity detection tests applied by the tool 

indicate a nonstationarity in 1997 (   below). Cramer-Von-Mises (CVM), 

LePage (LP), Bayesian CPD (BAY), Mood (MD) detect nonstationarities in 1997. The 
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Figure 4-11. Nonstationary Analysis of Average Annual Air Temperature at the MSP Climatic Gage from 1939 to 2017 
using the Time Series Toolbox 



 
Interim Water Control Manual, Big Sandy Lake Dam and Reservoir 

 4-24 
 

 

Figure 4-12. Average Annual Air Temperature at the Cloquet, MN Climatic Gage from 1912 to 2015 with Trend Lines for the 1983 
Breakpoint 

 

j. Summary and Conclusion: The USACE Watershed Climate Vulnerability Tool indicating that 

the Mississippi River watershed is vulnerable to the impacts of climate change on ecosystem 

restoration or flood risk management relative to other 201 HUC-04 watersheds in CONUS, 

and available climate change literature suggests a wetter and warmer climate in the future. 

A first order statistical analysis using the USACE Climate Hydrology Assessment Tool, 

Nonstationarity Detection Tool and Timeseries Toolbox confirms that overall, observed 

flows have been increasing and will likely continue to increase in the Mississippi Headwater 

River Basin. With the proposed, repaired design of the water management structures, the 

project will be given the best chance at completing annual drawdowns safely. 

 

The trends and nonstationarities detected in the annual peak flow and the average annual 

flow records cannot be attributed to a specific driver like the construction of a water 

management structure or a known, abrupt change in land use. Thus, trends and 

nonstationarities are likely caused by a less easily identifiable source like anthropogenic 
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climate change, long-term, persistent natural fluctuations in climate or distributed changes 

to the basin's land cover/land use/geomorphology overtime. 

 

Climate change and extreme flooding should not affect the operation of this structure as the 

tailwater from the Mississippi River “submerges the Big Sandy Lake Dam gates, restricting 

the outflow due to reduced head across the dam” states the ROPE Study. There are studies 

being done to understand the relationship for flood risk management from Big Sandy Lake 

on the Mississippi River and this section will be updated accordingly.  The Lake will have 

more inflow from the basin as well as receiving more water from a higher Mississippi River 

over time 

 Storms and Floods 

a. Storms and Floods: Floods of damaging proportions occur in the Mississippi River 

Headwaters basin above Brainerd, Minnesota, as a result of rapid snowmelt, heavy spring 

rains, or prolonged periods of above-normal summer rainfall. Although large areas of 

poorly-drained marsh and timberlands throughout the basin have been frequently flooded, 

the focal point of repeated damaging floods was in the vicinity of the City of Aitkin, 

Minnesota. Since the latest ROPE Study there is no current flood damage center for Big 

Sandy Lake Dam because “a water control regulator cannot proactively operate Sandy Dam 

over a large portion of the existing guide curves”. The National Weather Service flood stage 

at Aitkin is 12.0 feet (reduced from 15.0 feet in November 1978).  

 

When flooding subsides in the Aitkin area, large volumes of stored water are released from 

the upstream reservoirs (Winnibigoshish, Leech, Pokegama and Big Sandy Lake) which, 

when combined with local runoff, can lead to prolonged high river levels. 

 

Selected floods at Big Sandy Lake are tabulated in Table 4-9. A brief description of these 

floods follows. 
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c. The Flood of April 1950: Precipitation during the winter of 1949-50 was 

considerably above normal and the snow cover remained on the ground late into 

the spring as April temperatures averaged about 10 degrees below normal. Deeply 

frozen ground conditions, together with the heavy snow cover, were conducive to 

high runoff which, when combined with the above-normal rainfall of April and May, 

produced the greatest flood in the history of the area. During the 1950 flood, the 

reservoir capacity, measured to the top of the outlet dam, was exceeded. The dam 

was overtopped by 3.5 feet and temporary dikes were built to prevent erosion. 

After the flood, the earth dam sections on both banks were raised above the flood 

level. 

 

Winnibigoshish and Leech Lake reservoirs were able to contain most of their inflows 

during the flood period; however, Pokegama reservoir was filled to near maximum 

height and at the peak of the flood was discharging about 2,500 cfs. The 

unprecedented high stages on the Mississippi River raised the tailwater elevation at 

Big Sandy Lake Dam, retarded the outflow from the reservoir, and contributed to a 

record maximum reservoir lake elevation of 1224.82 feet and a maximum discharge 

of 3,400 cfs (the maximum discharge of record is 3,740 cfs in 1897). During these 

high stages, some flow left the Mississippi River upstream of the reservoir and 

flowed into Big Sandy Lake. Since this flood, a road in that area was raised to 

prevent this diversion from reoccurring. Damages in the reservoir areas were 

approximately $500,000 and brought the estimated total damages, to about $2.5 

million. 

 

d. The Flood of April 1969: The fall of 1968 had 3 to 4 inches more precipitation than 

normal. This, added to the 5.6 inches-above-normal precipitation in the spring of 

1969, was cause for increased public awareness of a flood situation. The high waters 

of 1965, which caused very severe flooding in downstream reaches of the 

Mississippi River, were still very much remembered. Records show that the snow on 

the ground at Big Sandy Lake Dam was 20.0 inches deep on the first of April and that 

it was completely melted in 11 days. The peak flow at Big Sandy Lake Dam was 

1,940 cfs on 8 May and the maximum pool elevation was 1221.75 feet on 25 April. 

 

e. The Flood of May 1975: There was approximately 3 inches more than normal 

precipitation for the January through March period of 1975. The snow depth at Big 

Sandy Lake was 26.0 inches on the first of April and was completely gone by 22 

April. A spring rain storm on 23 April contributed 0.85 inches. At Big Sandy Lake, the 

maximum lake elevation was 1222.10 feet on 6 May and the maximum discharge 

was 1,850 cfs on 15 May. 

 

f. The Flood of Spring 2001: The spring flooding was the result of four contributing 

climatic factors: 1) significant autumn precipitation (heavy early November rains 

before soil freeze-up), 2) heavy winter snowfall (above average in some locations), 
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3) less than ideal snowmelt scenario (below normal March temperatures), 4) record-

breaking April precipitation. April precipitation totals were extraordinarily high 

across the Headwaters region as well as most of Minnesota. Portions of the 

Headwaters region received over six inches of precipitation in the month of April. 

Precipitation totals surpassed the historical average by more than four inches in 

many areas. 

 

Lake Winnibigoshish, Leech Lake, Pokegama Lake and Big Sandy Lake all experienced 

high water which affected recreation activities and caused shoreline erosion. Big 

Sandy Lake reservoir peaked at elevation 1221.76 feet on 30 April 2001. 

 

g. The Flood of Summer 2012: During the winter of 2011/2012, Sandy achieved its 

“normal” drawdown. After the snow melted in spring, favorable rains occurred. All 

Headwaters sites were in their summer operating bands by late April/early May. 

From May 19 to May 29, 2012, the Headwaters region received more-than-normal 

precipitation. Gull recorded 7.71 inches, Cross Lake 6.74 inches, Sandy 7.37 inches, 

Pokegama 5.75 inches, Leech 2.95 inches and Winnibigoshish 3.15 inches. Gull Lake 

quickly rose and eventually crested at elevation 1195.09 feet (1.09 feet above 

normal) which tied the record crest set in 1952. On June 13, the lake level was back 

in the summer band. Sandy crested at elevation 1218.96 feet (2.65 feet above 

center of band). On June 20, the lake level was still 1 foot above the summer band. 

Pokegama was regulated according to the guide curves from the approved Water 

Control Manual and the National Weather Service’s flood forecast at Aitkin, MN. 

Retention at Pokegama allowed the reservoir to eventually crest at elevation 

1274.85 feet (1.43 feet above center of summer band). On June 17, 2012, the 

reservoir was back in the summer band. Cross Lake, Leech, and Winnibigoshish 

remained in their normal summer operating bands. 

 

From June 17 to June 24, 2012, torrential rains fell in the eastern Headwaters basin. 

Gull recorded 3.33 inches, Cross Lake 7.42 inches, Sandy 8.80 inches, Pokegama 5.32 

inches, Leech 5.84 inches and Winnibigoshish 3.81 inches. The first NWS prediction 

at Aitkin, MN was stage 20.5 which would have been 2nd highest all time. Per the 

operating plans, outflow was reduced at Pokegama (from 2,100 cfs to 320 cfs), 

Leech (from 380 cfs to 130 cfs), and Winnibigoshish (from 675 cfs to 100 cfs). 

Pokegama crested on July 2 at elevation 1276.45 feet (2.78 feet above top of 

summer operating band) and returned to the band on July 28. Leech crested about 

0.35 feet above the top of summer operating band. Winnibigoshish crested about 

0.25 feet above summer operating band. Sandy was hardest hit, eventually cresting 

at 6.37 feet above the summer band (elevation 1222. 93 feet) on June 28. Gates had 

been fully open since May 24th. Sandy returned to the summer band on July 30. 

Gull crested on June 24 at elevation 1194.71 feet and Cross Lake crested on June 25 

at elevation 1230.09 feet (0.52 feet above top of summer operating band). All 
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stated elevations are in 1929 NGVD.  

 

h. The Flood of Spring 2019: During March, a maximum 24 inches of snow and 4.8 

inches of snow water equivalent (SWE) were recorded at the site. The entire Sandy 

watershed had higher than normal snow and SWE quantities. The initial NWS 

forecast for Aitkin was over stage 17 feet. The full 2 feet drawdown on Sandy was 

maintained until 23 March, when the warming temperatures produced more run-

off. The slide gates were fully opened on 29 March, and on 5 April, the stop logs 

were removed. After an initial crest and cooling period, the lake eventually crested 

at elevation 1217.57 feet, 1.26 feet above center of summer band, on 4 May. The 

peak outflow of 1,276 cfs occurred on 19 May. The lake returned to summer band 

on 24 May, and the slide gates were cut on 27 May, while the stop logs were 

replaced on 29 May. 

 

b. Droughts and Requested Releases: 

a. The Drought of 1940 – 1944: Vessels needed for the war effort could not get 

through the Soo Locks on the Great Lakes. The traffic (over 2,000 vessels) was 

instead diverted down the Illinois River to the Mississippi River and on to New 

Orleans. Water from the Headwaters reservoirs was released during this period 

(primarily in the fall and winter months) in an effort to provide sufficient water 

depth for navigation over the Chain of Rocks in St. Louis, Missouri. At this same 

time, additional water was needed to cover the industrial water intakes in the St. 

Louis area. At various times, water was also released to help with power generation 

at Keokuk, IA due to a shortage of coal and to assist in the movement of oil up the 

Ohio River from the St. Louis refineries. 

 

b. Emergency Repairs in 1953: The discharge from the Headwaters reservoirs was 

adjusted to facilitate emergency repairs of the locks and dams in the Twin Cities. 

 

c. The Drought of 1956: After the winter of 1943-44, additional releases from the 

Headwaters reservoirs for the St. Louis area were not needed until 1956, when a 

water shortage occurred again. This resulted in not only the release of water from 

the Headwaters but also the release of water from Lake Michigan by executive 

order. 

 

d. 1956 Aitkin Flood Control Guide Curves: Moderate to severe floods occurred in the 

Aitkin, Minnesota area in 1950, 1952, 1953 and 1954 (and earlier). Concerns about 

flooding resulted in the construction of the Aitkin Diversion Channel (see Section 3-

04b). The project was completed in June 1956. In addition, flood control guide 

curves were developed to distribute damages between Pokegama Lake, Big Sandy 

Lake, and Aitkin during flood periods. Lake Winnibigoshish and Leech Lake Dam are 

operated in conjunction with Pokegama Lake Dam in order to make an attempt to 

follow the guide curves. As part of this study effort, the upper operating limit for 
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Sandy was raised from elevation 1218.31 feet to the top of the control structure at 

elevation 1221.31 feet (by agreement rather than an official change in the 

Congressional regulations). Pokegama’s upper operating limit was also raised from 

elevation 1276.42 feet to the top of its control structure at elevation 1278.42 feet. 

See   and Chapter 7 for additional details on the flood control operation for 

Aitkin. 

 

e. The Drought of 1958: The discharge in the Mississippi River at St. Paul reached a 

mean daily low of 1,950 cfs in August of 1958. In a letter dated 20 August 1958, Mr. 

Kerwin L. Mick, Chief Engineer and Superintendent of the Minneapolis-St. Paul 

Sanitary District, requested that the Corps release water from the Headwaters 

reservoirs to aid in the dilution of sewage in the Twin Cities area. In a letter to Mr. 

Mick dated 22 August 1958, Colonel Brown indicated that, in response to the 

request, the discharge from the reservoirs was increased about 80 percent for the 

benefit of all the interests below the dams. Additional water was released from the 

reservoirs on approximately August 27. 

 

f. The Drought of 1959: The discharge in the Mississippi River at St. Paul had reached 

a mean daily low of 1,970 cfs in August of 1959 and was forecasted to go as low as 

1,000 cfs. In a letter dated 18 August 1959, Mr. Kerwin L. Mick, Chief Engineer and 

Superintendent of the Minneapolis-St. Paul Sanitary District, requested that the 

Corps release water from the Headwaters reservoirs to aid in the dilution of sewage 

in the Twin Cities area. In a letter to Mr. Mick dated 12 September 1959, Colonel 

Brown indicated that, in response to the request, the discharge from the reservoirs 

was increased on 25 August in advance of the normal fall drawdown period. 

 

g. The Drought of 1960: The discharge in the Mississippi River at St. Paul had reached 

a mean daily discharge of 2,330 cfs in August of 1960. In a letter dated 16 August 

1960, Mr. Kerwin L. Mick, Chief Engineer and Superintendent of the Minneapolis-St. 

Paul Sanitary District, requested that the Corps release water from the Headwaters 

reservoirs to aid in the dilution of sewage in the Twin Cities area. In a letter to Mr. 

Mick dated 19 August 1960, Colonel Strandberg indicated that, in response to the 

request, the discharge from the reservoirs was increased on 17 August in advance of 

the normal fall drawdown period. 

 

h. 2012, Directive to Deviate, Memorandum to the St. Paul District, the Rock Island 

District, and the St. Louis District from the Mississippi Valley Division: This 

directive required the storage of water of up to 10% above the approved guide 

curve storage to be released at a later date to mitigate downstream drought 

impacts.  This directive was suspended on 11 February 2013. 

 

 Runoff Characteristics 
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The runoff from Big Sandy Lake watershed is slow and significantly attenuated as a result of the 

relatively flat topography and the presence of many lakes and wetlands. Big Sandy Lake Dam 

controls the runoff from a 421 square mile area, of which 31 percent is dry land, 12 percent is 

water, and 57 percent is wetlands. In general, the land not covered by wetlands is forested. The 

average overland slope is 14.78 feet per mile.  

During the development of this Water Control Manual, information about the runoff 

characteristics of the watershed was obtained by utilization of the reservoir’s hydrologic records 

together with computer modeling of the basin. A computer model of the watershed was 

developed and calibrated using computed inflows for selected floods together with 

corresponding storm or snowmelt data (see Chapter 6). Flow duration curves, exceedence-

frequency curves and streamflow distributions were derived from observed data and the data 

resulting from the model. These curves give a graphical display of important watershed runoff 

characteristics.  

The elevation and outflow records from 1899 to 2018 as well as average lake evaporation from 

  were utilized in a reverse routing procedure to estimate daily inflows to the reservoir. 

The exceedence frequency of a given average monthly inflow can be determined for each 

month from Plate 4-2. The monthly exceedence frequency curves show a wide variation due to 

the unique weather conditions of each month, although seasonal patterns are evident. The 

percent time a given inflow or outflow is equaled or exceeded is given on the flow duration 

curves, Plate 4-3 and 4-4. See also Section 8-11. 

The monthly streamflow distribution determined from the period of record at Big Sandy Lake is 

presented on Plate 4-5. Minimum monthly discharges occur in late winter. The maximum 

monthly inflow occurs in April from snowmelt and spring rain runoff. Maximum monthly 

outflows as a result are significantly lower and occur in May. Monthly inflows generally exceed 

outflows during spring and summer as the reservoir is filling and evaporation losses occur. The 

inverse is true during the fall and winter as the reservoir level is drawn down for use in spring 

flood protection.  

The annual streamflow distribution for Big Sandy Lake is shown on Plate 4-6. The peak annual 

inflow and outflow occurred in 1953. The year of 1934 is the driest on record. A cyclic pattern is 

evident in the 119 years of record (1899-2018).  

 Water Quality 

Big Sandy Lake is a highly colored eutrophic lake in the north central Minnesota in the Northern 

Lakes and Forests (NLF) ecoregion. Sandy is composed of several bays with a relatively large and 

shallow main bay. Two bays, Bill Horn and Webster Bays, exhibit characteristics of a classically 

stratified dimictic lake. The large main bay is windswept and rarely stratifies except for short 

periods on hot calm summer days. During these times anoxia at the sediment-water interface 

may occur, liberating phosphorus into the bottom waters. Upon mixing, the additional 

phosphorus may be circulated to the surface waters for utilization by algae.  
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Both point and non-point source pollution are attributable to the eutrophication of Big Sandy 

Lake. Big Sandy Lake's mean summer total phosphorus, chlorophyll a, and secchi transparency 

are 40 ppb, 9 ppb, and 1 meters (3.3 feet), respectively. Bog staining or coloration of the water 

from the surrounding wetlands results in slightly lower secchi transparency than expected based 

on chlorophyll a concentrations. Phosphorus and chlorophyll a values are high compared to 

those of a "typical" NLF ecoregion lake, but resemble that of a "typical" North Central Hardwood 

Forest (NCHF) ecoregion lake as shown in Table 4-10. An estimated 95% of phosphorus loading 

to Big Sandy Lake is derived from the major tributaries in the watershed, the Sandy and Prairie-

Savanna Rivers. Typical stream total phosphorus concentrations are in the range expected in the 

NCHF ecoregion. 

The Minnesota Pollution Control Agency (MPCA) placed the lake on the MN 303(d) list of 

impaired waters in 2006. The lake has an approved TMDL since 2011. Sandy only partially 

supports swimming use during the summer months as impaired swimming conditions, based on 

the frequency of nuisance algal blooms, are estimated to occur between 26-50 percent of the 

time. MPCA studies have indicated that a 10 percent reduction in phosphorus loading would 

result in perceptible reductions in nuisance algae blooms and aquatic plant growth. In response 

to the lake's current condition, the Big Sandy Lakes Association has adopted a non-degradation 

water quality policy and plan to reduce total phosphorus loading to Big Sandy Lake by 10 

percent. In addition, the two point source dischargers in the watershed, the McGregor and 

Cromwell publicly owned treatment works, are being upgraded to meet current MPCA 

standards. The Corps Water Quality Management Program supports local initiatives by 

cooperating in efforts to track, control, and limit the cultural-induced eutrophication in Big 

Sandy Lake.  

In addition to land use changes from natural conditions, the Sandy watershed has been altered 

in other ways. Extensive ditching of wetlands in portions of the watershed has occurred as early 

as the early 1900s when an effort was made to establish increased farmlands (MN DNR Fisheries 

2002). More recently, wetlands have been ditched and drained to allow for peat and wild rice 

farming. The ditches have likely affected the hydrology and nutrient transport dynamics of the 

watershed. Peat soils and wetlands that typically remained flooded before ditching may now 

drain to a greater depth or more frequently during dry periods, thereby allowing them to 

become more oxygenated. The increase in oxygen is expected to increase decomposition of the 

nutrient rich organic material in the peat soil, thereby releasing phosphorus. Decomposition of 

wetland and peat materials is evidenced by the highly colored water of the rivers in the 

watershed, which is a result of high concentrations of organic compounds that result from 

decomposition of peat. 

A limnological survey of the Headwaters reservoirs was conducted in 1980 (see Section 1-03). 

Also see Sections 5-02, 7-07, and 8-04. 
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Figure 4-13. General View of Downstream Channel 

 

Figure 4-14. General View of Upstream Channel 

 Upstream Structures 

There are no water control structures upstream of Big Sandy Lake Dam. 

 









 
Interim Water Control Manual, Big Sandy Lake Dam and Reservoir 

 4-38 
 

summer homes, resorts, cottages, roads, bridges, and farmlands. High water losses are 

greatest during the 1 June to 30 September peak resort period. Approximately 100 

structures are subject to damage from flooding. 

 

The low water damages for Big Sandy Lake occur during the May-September recreation 

season. These low water losses consist of changes in net income to commercial activities. 

Some of these losses are increased expenditures for harbor maintenance, reduced or 

canceled reservations because of access problems to fishing areas, shortened stays because 

of poor fishing, and damaged equipment because of shallow depths. Private landowners 

also experience increased expenses and equipment damage from low water. Low water 

damages are especially severe on lakes with very gradually sloping bottoms, such as Big 

Sandy Lake.  

 

The elevation-damage curve for Big Sandy Lake shows both the low and high water damage 

relationships. The damage-frequency curves for Big Sandy Lake area were developed using 

data from 1936 to 1976 and 2018 pricing levels. Average annual damages are derived from 

these curves. 

 

Detailed high water damage surveys were conducted on Big Sandy Lake. A summary is given 

below. 

 

a. A substantial reduction in the number of commercial establishments has occurred 

so that low water damages (loss of business) will be minimal (23 commercial units in 

1962 versus 12 commercial units in 1977). 

 

b. Approximately 79 homes will receive some damage from a lake level elevation of 

1223.9 feet. Approximately 8.6 percent of the residential units are flooded at this 

elevation. 

 

c. At the 1975 flood elevation of 1222.1 feet, approximately $134,000 in October, 

2018 price levels, damage would occur from damages to buildings and contents and 

from clean-up costs. 

  

d. The estimated average annual high water loss in Big Sandy Lake area shoreline value 

due to current erosion is $157,586 in October, 2018 price levels. 

 

e. In summary, average annual high water damage on Big Sandy Lake is $347,971 in 

October, 2018 price levels. This amount includes all physical damage to property 

from high water levels, such as repair costs to docks and shore facilities and loss of 

business to commercial units, and $157,586 in October, 2018 price levels, estimated 

annual shoreline property erosion loss. 
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volunteers from The Sandy Area Lakes Association. Staff and volunteers are trained by Water 

Quality Unit personnel.  

   

The current data collection program is a cooperative effort between the Corps of Engineers, 

Minnesota Pollution Control Agency (MPCA), Minnesota Department of Natural Resources 

(MDNR), and the Big Sandy Lake Association in support of the Sandy Area Lakes Clean Water 

Partnership. The Corps maintains the lake water quality stations and the MPCA and MDNR 

maintain the stream water quality stations. Vertical profiles of water temperature, dissolved 

oxygen, pH, and specific conductance are electronically monitored on a regular basis at each 

lake station. In addition, two meter integrated surface samples are collected analyzed for total 

and ortho phosphorus, total kjeldahl nitrogen, nitrate-nitrite nitrogen, ammonia nitrogen, 

chlorophyll a, and color. Additional depth specific samples and parameters are obtained at 

sporadic intervals to further define water quality relationships. Laboratory analyses are 

performed by Corps inspected and approved laboratories. 

The MPCA and MDNR are monitoring streams in Big Sandy Lake's watershed as part of a Clean 

Water Partnership Project. The temporary program is designed to identify nutrient loads and 

pollution sources to Big Sandy Lake. Data collected by the MPCA and Corps will be used to set 

water quality goals for the lake and to identify, prioritize, and design best management 

programs (BMP's) to be used in the watershed to control the rate of cultural-induced 

eutrophication.  

 Reporting 

In-situ lake water quality data is electronically recorded and is available on the St. Paul District’s 

Water Control site. Lake samples analyzed for nutrients and chlorophyll are processed at the 

project site and shipped to a Corps- approved laboratory for analysis. All chemical analysis 

follow recommended Environmental Protection Agency (EPA) or equivalent procedures. 

Laboratory results are forwarded to the Water Quality Unit in the District office. Both in-situ and 

nutrient data is reviewed and entered into DBASE. The data is also provided to the MPCA who 

enter the data into the EPA STORET data storage system under the agency code 21MINNL. The 

Corps produces periodic data reports describing data collection activities and laboratory results 

for the project. All lake water quality data is available upon request. 

The MPCA and MDNR currently maintain the stream water quality data program. Stream data is 

available through the USEPA's STORET water quality database under the agency code 21MINN. 

Stream water quality stations are temporary and are shifted often depending on current study 

needs. Stream data is used to identify pollution sources, compute pollutant loadings, and assess 

the effectiveness of BMP's. 

 Maintenance 

Project personnel are trained to do routine calibration and maintenance of equipment. Any 

additional maintenance required is performed by Water Quality Unit staff. 
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 Sediment Stations 

There are no sediment monitoring stations in the Mississippi River Headwaters region. 

 Recording Hydrologic Data 

The project staff obtain river elevations, reservoir elevations, precipitation, and other data from 

gages in the vicinity of the dam and other pertinent locations. The staff connect to the 

computers in the Water Management Section to enter the project data into the electronic 

database. This data is also recorded on a log sheet which is stored on the server. The pool, 

tailwater and various river elevations and hydrometeorological data are also recorded by Data 

Collection Platforms (DCP) and transmitted via satellite to Water Management's electronic 

database. At some DCP gages, the correspondence between the gage and DCP readings is 

checked visually by project personnel at regular intervals.  

An NWS precipitation gage is used at the dam to record daily precipitation. The 24 hour 

precipitation and weather observations are recorded daily. The data are archived by the 

National Climatic Data Center in Asheville, NC. The U.S. Geological Survey and various 

contractors conduct streamflow measurements as requested by the District office. The data 

from USGS gages in the area is available on the National Water Information System site: 

https://waterdata.usgs.gov/nwis/sw. 

During the annual snow survey, five snow samples are recorded at each station (see Plate 5-2 

and Table 5-3). The average snow depth and water content of the snow in inches is recorded 

and sent to the District office for analysis of the probable runoff to be expected. In addition to 

the snow samples, notes are recorded on the general conditions of snow cover in fields, 

timbered areas, river channels, dry runs and ditches both at the stations where measurements 

are taken and between the stations. The water content of the snow is determined by 

instructions contained in the National Weather Service Observing Handbook No. 2. Frost depths 

from power company crews and construction crews, or from anyone who may have occasion to 

penetrate the ground surface, are obtained and recorded. 

 Communication Network 

The staff can transmit hydrologic data and information by computer, telephone, facsimile, or via 

the United States mail. The main method of transmitting data to the St. Paul District Office is to 

directly enter data into the dss files using a secure terminal and a DWINDO program (Water 

Management’s CRT program). Backup method is for the project office to call or email the district 

office with the information. The data path to the Water Management website starts at the DCP.  

The DCP sends a signal to the U.S. Geostationary Operational Environmental Satellite (GOES).  

The GOES satellite sends the signal to the Direct Readout Ground Station (DRGS) at Wallops 

Island, Virginia.  The data is reformatted and sent to the Domestic Communication Satellite 

(DOMSAT), which transmits the data to the Local Readout Ground Station (LRGS) located on the 

roof of the St. Paul District Office.  All of the project related data is available on the internet. The 

project data is also provided to the National Weather Service via a dedicated communication 

line.  
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 Communication with Project 

 Between Regulating Office and Project Office 

Water Management communicates with the project via the telephone and email. Also, the 

introduction to this Water Control manual contains emergency regulation contact procedures. If 

the project staff cannot connect with anyone in the District office, they will follow the 

regulations in Chapter 7 with due consideration for any unusual circumstances that might 

prevail. 

a. Weekly Log Sheets: CEMVP Form 405B, "Weekly Log Sheet" is used to record all pertinent 

data at the Big Sandy Lake project, including gage readings noted or requested and local 

weather conditions. The sheet is scanned in and placed in the Water Management folder on 

the district server. The original is kept at the project office. 

 

b. Water Quality Data: Water quality data is recorded on data sheets and e-mailed to the 

Water Quality Unit in the District office. 

 

c. Emergency Reports: During floods or other emergencies, the Resource Manager enters data 

into Water Management’s CRT program as soon after 8:00 a.m. as possible. 

 

 Between Regulating/Project Office and Others 

a. The National Weather Service: As CWMS becomes more implemented, data and forecasts 

will be automatically shared. The current methods to share data and information is 

thorough NWSChat, email, or telephone. 

 

b. Others: Local residents and the Big Sandy Lake Association have access to project-related 

information from the project staff either by telephone, in person, on the internet or through 

the local news media. Press releases are issued when conditions warrant. Flash-flooding is 

not a problem in this area. Notifications of severe weather or impending unusual conditions 

are handled by the National Weather Service and through local law enforcement and civil 

defense authorities. The Project office and the District office communicate with the City of 

Aitkin, Potlach Corporation (Potlach Dam, Brainerd) and the National Weather Service and 

others as needed. 

 Project Reporting Instructions 

The pool and tailwater elevations that are recorded on the project’s log sheet are followed by a 

letter code to indicate the source of the data. Sources include visual readings of float tapes or 

staff gages, data from voice modems, data from Data Collection Platforms (sometimes obtained 

from a website) and wire weight gage data. It is preferred that the data recorded on the project 

log sheet be obtained from a float tape, staff gage or wire weight gage daily or at a minimum 

once or twice a week. 
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 Warnings 

In the event of impending emergency conditions, or advisories requiring interim gate changes, 

Water Management will call the project staff. The introduction to this manual contains phone 

numbers for Water Management and various District personnel. In the event of emergencies 

affecting project regulation and concerns downstream, the officials listed on page ivError! 

Reference source not found. will be contacted (also see Sections 7-13 and 8-10). 
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6 Hydrologic Forecasts 

 General 

 Role of USACE 

The Water Management Section prepares flood forecasts of reservoir inflow/outflow and pool 

elevation for internal use during critical flood periods (see Chapter 7). During non-critical 

periods of reservoir regulation, forecasts are not required for regulation. Corps' forecasts may 

arise from either wet or dry conditions, and are used to assist the National Weather Service 

(NWS), Water Management regulators and the Project Resource Manager in their work. The St. 

Paul District may provide water quality data through its Water Quality Unit. 

 Role of Other Agencies 

The National Weather Service (NWS) River Forecast Center in Chanhassen, Minnesota is the 

official source for all stream-stage forecast information. The water quality divisions of the 

various state agencies within the St. Paul District forecasts water quality conditions when 

warranted. 

 Flood Condition Forecasts 

 Requirements 

National Weather Service (NWS) Model uses a six hour time step. The important gages to 

monitor include lake elevation at Pokegama, Leech, and Winnibigoshish, and river stage at 

Aitkin. 

 Methods 

During floods, Water Management will work with the NWS to determine desired outflow.  A 

CWMS model was developed for the Upper Mississippi River Headwaters.  The model was 

completed and transferred in November 2019.  Implementation funds and processing are on-

going. The normal procedure until the Corps has non-excel models, is to use the NWS 28-day 

inflow and peak pool elevation with current forecast, including the run-off forecasted from snow 

melt. Water Management will forecast outflow, adjustments, and share data with the NWS. 

Through NWS Chat, discuss finer points of conditions and make additional forecast iterations. 

Adjust outflow as needed to keep the pool elevation or control points at desired target. 

 Conservation Purpose Forecasts 

Forecasting for water-related activities such as hydropower regulation, recreation, fish 

spawning, water supply and water quality are not a part of the daily Water Management 

routine. Short-term projections of water level, flows, temperature and local hydrologic 

conditions may be obtained from Water Management upon request.  

 Long-Range Forecasts 
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Long-range forecasts of reservoir inflows and levels are not normally required due to the very 

limited water supply use of the reservoir. A seasonal drawdown is required to prepare the 

reservoir for spring runoff. The difference in storage between the average fall elevation of the 

lake and the spring lake level is adequate to store the average spring inflow. Predictions of pool 

levels for project purposes are based on current precipitation trends. 

 Drought Forecast 

The Minnesota Department of Natural Resources and the NWS routinely monitor and report 

drought indicators. Hydrologic and meteorological forecasts are issued by the National Weather 

Service (see Section 6-01). During drought conditions, the regulation of the project will be in 

accordance with Section 7-12. 

 Water Quality Forecasting 

Forecasting for water quality is not part of the daily Water Management routine.  
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7 Water Control Plan 

 General Objectives 

The original authorized purpose of Big Sandy was to increase Mississippi River discharges during 

low-flow periods to aid navigation.  As use for navigation diminished, the reservoir is now 

regulated primarily for flood risk management, fish and wildlife, recreation, and Tribal Trust. The 

Water Control Plan supports recreation by maintaining, when possible, stable reservoir levels 

within a specified elevation band during the summer. Flood risk management objectives are met 

by a fall/winter drawdown schedule and a designated flood control storage pool, which provides 

storage capacity for spring and summer flood events. Water levels are managed, when 

conditions permit, for various fish and wildlife and Tribal Trust concerns. The low-flow plan 

manages water resources both upstream and downstream of the dam during critical periods. 

See Section 2-02 for information on these and other authorized purposes. 

 Constraints 

a. Tribal Trust: A portion of the Big Sandy Lake drainage area is within the boundary of the Big 

Sandy Lake Indian Reservation, whose residents are formally represented by the 

government of the Mille Lacs Band of the Minnesota Chippewa Tribe, a Federally 

Recognized Tribe. The implementation of the Water Control Plan must consider the issue of 

the Tribal Trust relationship between the Federal Government and the Tribe. Any deviation 

from the authorized Water Control Plan must be coordinated with the Tribe. See Chapter 9. 

 

b. Reverse Flow (Backwater) into Big Sandy Lake: The confluence of the Big Sandy Lake River 

and the Mississippi River is a short distance downstream of the dam (see Plate 2-2). When 

the water level in the Mississippi River is high the backwater effect extends all the way up to 

the tailwater of Big Sandy Lake Dam. When water levels on the Mississippi River are 

extremely high, Big Sandy Lake dam is inundated and the Sandy River can reverse directions 

and flow back into Big Sandy Lake.  During flooding conditions, the tailwater elevation (due 

to backwater) can restrict releases or result in flow into Big Sandy Lake. 

 

c. High Water: Flowage Rights and Impacts to Shoreline Property: The Corps has flowage 

rights around Big Sandy Lake reservoir to approximately elevation 1222.31 feet (see Section 

2-05). Of all the Headwaters reservoirs, due to the backwater from the Mississippi River (see 

above), Big Sandy Lake has the greatest potential to approach or exceed its flowage rights 

elevation. There are a number of structures below the flowage rights elevation. See ROPE 

study for impacted first floor survey. 

 

 Overall Plan for Water Control Management 

Big Sandy Lake reservoir is regulated between a minimum elevation of 1214.31 feet and a 

maximum elevation of 1221.31 feet. If possible, the reservoir level should be within its summer 

range/band of 1216.06 feet to 1216.56 feet by the first day of the fishing season (approx. mid-
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May). The winter drawdown of the reservoir for spring flood risk management begins in the fall. 

The ordinary (normal) spring drawdown elevation is 1214.31 feet, which is the lower operating 

limit of the reservoir. Significant shoreline erosion begins to occur at approximately elevation 

1218.31 feet but storage to elevation 1221.31 feet can be used if needed to prevent flooding 

downstream. Details of the water control plan are given in the following paragraphs. 

 Standing Instructions to Project Operator 

The project is to be regulated in accordance with Section 7-05. For information on data 

collection and transmission of reports, refer to Chapter 5. For procedures to be followed in the 

event of lost communications, refer to Section 7-14. In the event of a communication failure, 

the procedures outlined in this chapter should be followed as far as practicable until 

communication channels are restored. An emergency contact list, and other points of contact, 

can be found in the introduction to this manual, and in Chapter 1. 

 Flood Risk Management 

The regulation of the reservoir and the operation of the dam is done in accordance with the 

water control plan described below. 

a. Information Sources: A description of the project, to include the control structure, and 

other pertinent project data can be found in Chapter 2 and Exhibit A. A brief history and 

changes that have been made to the Water Control Plan, since the project was authorized, 

are discussed in Chapter 3. A description of the watershed, climate and past floods can be 

found in Chapter 4. Chapter 5 contains information on the project’s data collection and 

communication networks, while Chapter 6 discusses hydrologic forecasts. Frequency and 

duration curves and flood hydrographs are referenced in Chapters 4 and 8. See Chapter 9 

for information related to the coordination of Water Management activities. 

 

1) Water Control Plan Summaries: The Water Control Plan that is currently in use is 

described below. The following discussion uses terms like Normal Summer 

Range/Band, Present Ordinary Operating Limit and Present/Total Operating Limit. 

These terms were carried over from the previous manual (dated 2003) in order to 

provide consistency with the earlier manual and are defined in Section 7-17. Table 

7-1 provides a summary of the regulation for Big Sandy Lake only. Table Nos. 7-2 

and 7-3 provide a summary of the regulation parameters for the entire Mississippi 

River Headwaters system for comparison and easy reference. Plate 7-1 contains 

drawdown information. 
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whenever possible, at a rate that will not endanger wildlife or cause other issues 

within the reservoir or downstream. The Secretary of the Army must notify 

Congress 14 days prior to the reservoir level going above elevation 1221.31 feet.  

 

2) Flood Risk Management: Travel Times: When outflows from Big Sandy Lake 

reservoir are effective, the travel time from Big Sandy Lake reservoir to Aitkin is 

approximately 1 day. Travel time during flood conditions may be different or 

nonexistent as there is a backwater effect on Big Sandy Lake. 

 

3) Flood Risk Management: Flood Forecasts: The National Weather Service (NWS) 

river forecasts extend 5 days into the future, which allows time to reduce the 

discharge at Big Sandy Lake Dam for the benefit of points downstream (e.g. approx. 

1-day travel time to Aitkin). The NWS should be contacted daily during flood periods 

to ensure that the Corps’ operation decisions coincide with the NWS forecasts. See 

also Chapter 6. 

 

4) Flood Risk Management: Fall/Winter Drawdown: The fall/winter drawdown of the 

reservoir normally begins on 1 October, however, if necessary, it can begin any time 

after Labor Day (approx.10 Sept.). The 1 October start of the drawdown allows for 

an extended recreation season through the end of September (see Plate 7-1). The 

timing of the start of the drawdown may vary from year to year depending on the 

magnitude of the inflow and other variables. However, the drawdown of the 

reservoir requires a careful consideration of the attendant hydrometeorological 

variables as discussed below. The drawdown (combined with that at 

Winnibigoshish, Leech and Pokegama reservoirs), provides storage for flood risk 

management at Aitkin, Minnesota and, if necessary, other areas downstream. 

 

5) Flood Risk Management: Drawdown Discharge: In the fall, the total discharge and 

the length of time required to lower the pool to the normal drawdown level (elev. 

1214.31 ft.) by 1 March, are determined. An average discharge from 1 October to 1 

March of approximately 60 cfs above inflow is required for a drawdown from 

elevation 1216.31 (mid-summer band) to 1214.31 feet. However, the required 

drawdown discharge may change as the winter/snowpack progresses. The area-

capacity curves and storage tables in Exhibit A and the drawdown curve on Plate 7-

1 can be used to assist in this calculation and to adjust for different dates and target 

elevation ranges as the fall and winter hydrometeorlogic conditions materialize. 

 

6) Flood Risk Management: Drawdown Target Elevations: The final drawdown target 

level, which may be higher than 1214.31 feet, is based on inflow projections, 

expected storage requirements, snow surveys (see Chapter 5), the precipitation 

outlook forecast and other variables, all of which may change as the winter 

progresses. Periodic checks of inflow, and the hydrologic conditions in the basin 

(e.g. snowpack), are made and the outflows are adjusted as necessary to accomplish 
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the goal. In periods of drought, or when light snow cover (low water content) exists, 

the reservoir may be drawn down only as far as conditions warrant. It is 

recommended that the drawdown be reviewed after the January snow survey 

results have been published. A drawdown to approximately 1214.31 feet is 

necessary most years due to Sandy’s relatively large drainage area versus its storage 

(see  ) and the fact that backwater from the Mississippi River can drown 

out Sandy’s tailwater, which restricts the outflow during periods of high inflow. 

Elevation 1214.31 feet is the lower operating limit of the reservoir. See Plate 7-1.  

 

7) Flood Risk Management: Drawdown, Travel Time, and Snowmelt Run-Off: The 

travel time from Sandy to Aitkin is approximately 1 day. If possible, the discharge 

from Sandy Dam should be reduced in time to allow all the drawdown discharges (if 

any) to pass through Aitkin prior to the peak occurring there. If the drawdown is 

completed before the spring snowmelt begins, discharge inflows to maintain the 

drawdown level. See the ROPE Study, pages 97-98. 

 

d. Management During Construction and Rehabilitation: In order to access the features 

requiring rehabilitation and in order to pass flows, phased construction with cofferdams will 

be used. The project construction is over two years, with each phase of construction 

scheduled from June to September, a period of time when there is a better likelihood of 

lower flows. 

 

For Phase 1, an upstream coffer dam will isolate the upstream side of the lock bay area, 

while a downstream coffer dam will be placed on the apron. Phase 1 construction will occur 

within the dewatered lock bay. The lock bulkhead wall will be removed and replaced with 

three stop log bays that span the 30 foot width. A new concrete sill will be installed to 

reduce the number of stop logs required. During Phase 1 construction, all flows will be 

passed through the slide gates and the log sluice bay.  

 

For Phase 2, an upstream coffer dam will isolate the upstream side of the slide gates and the 

log sluice bay, while a downstream coffer dam will be placed on the apron. Phase 2 will 

replace the existing slide gates with new gates and will also replace the stop logs of the log 

sluice bay with a motorized full width dual leaf gate. During Phase 2 construction, all flows 

will be passed through the lock bay.  

 

At the present time in the design process, the most current hydraulic design is provided by 

the contract documents. From the Design Documentation Report (DDR) Interim Submittal, 

the following is presented for the operations during the construction phases (Note the 

vertical datum is NAV 1988): The hydraulic analysis builds upon previous review of USACE 

supplied gage and reference data as detailed in the Big Sandy Lake Preliminary Engineering 

Report (PER). The focus of this analysis continues to be on: 

• Providing sufficient capacity for a 10-year frequency event (Q = 2100 CFS) flow 

bypass during construction. 
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• Providing adequate control of flow bypass during construction under varying 

operating conditions. 

• Analyzing scour potential under proposed improvements and construction bypass. 

• Overall improvement of hydraulic capacity and operation at Big Sandy Lake Dam. 

 

1) Management During Construction and Rehabilitation: Pertinent Structure 

Elevations: The pool at Big Sandy Lake Dam is maintained at 1217.0 feet (NAV 1988) 

during normal flow conditions in the summer. Under normal operations the pool is 

reduced throughout the winter months to elevation 1215.0 feet (NAV 1988) to 

provide additional spring flood storage. This begins on October 1 in a typical year. 

Key pool elevations, all in NAV 1988, are provided below: 

• Top of Control Structure: 1224.86 ft 

• Maximum Operating Limit: 1219.00 ft 

• Normal Summer Pool: 1217.00 ft 

• Minimum Operating Limit (Winter Pool): 1215.00 ft 

• 2-Year Flood Pool: 1218.29 ft, Q = 1400 cfs 

• 5-Year Flood Pool: 1220.69 ft, Q = 1800 cfs 

• 10-Year Flood Pool: 1221.69 ft, Q = 2100 cfs 

• 50-Year Flood Pool: 1222.99 ft, Q = 2900 cfs 

 

Normal flows are in the range of 100 cfs, but as shown by the design flood values 

above, they can reach 1000-2000 cfs during higher magnitude flood conditions. 

Previously, the 5-year flow of 1800 cfs and pool elevation of 1220.69 feet were used 

as benchmarks for hydraulic capacity and upstream cofferdam elevation 

requirements during construction, respectively. Subsequent discussions with the 

USACE regarding more frequent observation of higher flows at Big Sandy lead to 

increasing the level of protection (and required hydraulic capacity) provided by the 

upstream cofferdam to the 10-year flood pool elevation of 1221.69 ft. The sheet pile 

wall will be given an additional 1-foot of freeboard resulting in a top elevation of 

1222.69 feet which is approximately equal to the 30-year (3.33% exceedance) flood 

pool. Figure 7-1Figure 7-2 below show the discharge and headwater duration 

curves. 
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Figure 7-1. Discharge Duration Curve at Big Sandy Lake Dam 
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Figure 7-2. Headwater Duration Curve at Big Sandy Lake Dam 

As shown by the discharge duration curve graph, the average flow is roughly 150 cfs. 

Flows exceed 300 cfs approximately 30% of the time. It is assumed that construction 

phases will span several months, so the 5-year and 10-year flood flows of 1400 cfs 

and 1800 cfs, respectively, were used as benchmarks for bypass and pool elevations 

during construction. 

 

The temporary downstream cofferdam design elevation will be determined by the 

contractor and require government approval prior to construction. Historic Big 

Sandy Lake Dam pool and tailwater elevation, duration and frequency data will be 

provided in the form of reference drawings. 

2) Management During Construction and Rehabilitation: Construction Bypass 

Capacity and Flow Control: A spreadsheet model was created to establish the dam’s 

current hydraulic capacity. A proposed spreadsheet model was also created and has 

been updated to reflect the new stoplog bay dimensions. Increasing the hydraulic 

capacity needed for bypass flow during construction from the 5-year event to the 

10-year event requires removal of the existing concrete sill within the lock bay. As 

such, the bottom of the proposed stoplog bay will be at elevation 1206.0 feet and 

provide more than sufficient capacity to pass normal and flood flows during 

construction. Figure 7-3 below shows the spreadsheet model layout. Detailed 
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computations are provided in Contractor submittal. 

 

 

Figure 7-3. Hydraulic Capacity Spreadsheet Model 

3) Management During Construction and Rehabilitation: Flow Management During 

Construction: Phase 1 of construction includes cofferdam systems around the lock 

bay. Constructing the lock bay improvements first establishes the flow bypass 

system for Phase 2. During Phase 1, normal and high flows will continue to be 

passed through the slide gates and log sluice bay as they are currently, and all 

construction of the lock bay portion of the dam will be completed. 

 

Phase 2 will include cofferdam systems around the sluice gate and log sluice bays. 

During this time, all flow will be diverted through the new stoplog bays and 

construction of the sluice gate and log sluice bay will be completed. 

 

As discussed in the previous section, the completed lock bay will increase the dam’s 

existing hydraulic capacity and allow for passage of larger magnitude flow events if 

required during construction. For normal operation during construction, it’s 

anticipated that one of the bays will be equipped with stoplogs of varying height to 

allow for the passage of low-flow increments all the way down to the minimum flow 

requirement of 20 cfs. USACE personnel will be responsible for removing and 

replacing stoplogs in the lock bay.  Figure 7-4 below shows a configuration of 

stoplogs within the lock bay that would allow the operator to precisely control the 

pool elevation by re-configuring the 12”, 10”, 8” and 6” stoplogs in various 

combinations to achieve the desired outflow. The addition of a spare 6” stoplog 

would allow the operator to easily lower the elevation within the bay in 2” 
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increments if necessary. 

 

 

Figure 7-4. Lock Bay Stoplog Configuration During Construction 

4) Management During Construction and Rehabilitation: Scour Control: The potential 

for scour was reviewed in the following locations where hydraulic conditions are 

expected to change: 

• Directly downstream of the lock bay’s concrete apron during construction 

bypass. 

• Downstream of the log sluice bay during operation of the lower dual leaf 

gate. 

 

Lock Bay: A HEC-RAS steady flow model of the lock bay and downstream channel 

was developed in the PER to evaluate velocity, hydraulic parameters, and 

downstream riprap stability for the 2-year and 5-year flood events. The model was 

updated with the pool/flow conditions anticipated during a 10-year event. The peak 

velocity computed was 7.62 ft/s, which was lower than both the 2-year and 5-year 

peak velocities computed in the PER. A riprap stability analysis was performed in 

accordance with USACE’s MVP Riprap design (Rev 2 March 2015) document to 

determine the size of riprap considered stable under flood discharge conditions. The 

analysis determined that a R20 gradation would be stable under the velocities 

computed by HEC-RAS. The specific size of the existing downstream riprap is 

unknown but prior inspection reports indicated the thickness of the riprap layer is 

15 inches. This falls within the typical R20 placement thickness of 12 to 18 inches, so 

a similar sizing to the R20 gradation appears likely. Detailed computations are 

provided in the Contractor submittal. 
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water from the Headwaters region to supplement downstream needs is contained in the 

September 1994 Section 22 report. 

The ROPE Study provides that, if the reservoir is at or above elevation 1214.31 feet (7.0 ft. 

stage), the minimum discharge is 20 cfs. Furthermore, if the reservoir is below elevation of 

1214.31 feet, the minimum discharge is reduced to 10 cfs. Area-capacity curves and a storage 

table for Big Sandy Lake are in Exhibit A. See Section 7-12 for information on the draft Drought 

Contingency Plan and other applicable reference documents. 

 Hydroelectric Power 

In the Big Sandy Lake basin area, there is no existing or planned Federal hydropower 

development. Also, Big Sandy Lake does not operate for any non-Federal hydropower in the 

area. 

 Navigation 

The need for flow augmentation from the reservoirs for navigation was greatly reduced after 

completion, in the 1930's, of the Mississippi River 9-foot channel project (i.e., locks and dams). 

The project has rarely been operated for this purpose since then. See Sections 2-02 and 3-07. 

 Drought Contingency Plans 

The Drought Contingency Plan (DCP) is a stand-alone document (ER 1110-2-1941, dated 02 

February 2018). A DCP specifically for Big Sandy has not been prepared, however, numerous 

drought considerations have been finalized over the years, particularly since the devastating 

drought of 1988.  

Minimum Flow toward Drought: The Big Sandy Lake level should be held at normal summer 

range (1216.56 to 1216.06 NGVD 1929). During dry periods, the outflow is reduced to minimum 

outflow of 20 cfs (  ) in order to keep the lake at the normal summer range. If the lake 

level continues to recede and go below the 1216.06, the minimum outflow of 20 cfs is 

maintained. Once the lake level recedes all the way to the lowest total operating limit (1214.31 

NGVD 1929), the outflow is reduced to 10 cfs (Table 5.5.6, ROPE Study).  

Congressional Notification: The Secretary of the Army shall report to Congress at least 14 days 

prior to the Big Sandy Lake level going lower than 1214.31 (NGVD 1929). 

Regional Drought: Often the extent of a drought covers more than a single Mississippi River 

headwaters site. The Minnesota Department of Natural Resources, in coordination with the St 

Paul District, formulated a Low Flow Management Plan. The Plan sets trigger elevations and flow 

rate restrictions in order to provide steady, non-surging levels during low flows. While Lake 

Winnibigoshish and Lake Pokegama are specifically listed, Big Sandy is not. In addition, the 

October 1990 “Mississippi River Low-Flow Review” report and the September 1994 “Water 

Available from Upstream Locations” Section 22 Report (see Section 1-03) should be consulted 

for further guidance during low-flow conditions. 
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Coordination: Federal, State, local, and tribal entities should coordinate beginning at the start of 

drought or abnormally dry conditions. The St Paul District has a tribal trust responsibility to the 

Mille Lacs Band of the Minnesota Chippewa Tribe. 

 Flood Emergency Action Plans 

The Emergency Action Plan is a stand-alone document (see Section 1-03). It outlines procedures 

to be followed under various emergency conditions to include a dam failure. A copy of the plan 

is kept in the Water Management Section and at the project office. The report includes: an 

emergency identification plan, an emergency operations and repair plan, an emergency 

notification list, and an inundation map. See also Sections 5-08 and 8-10. The Emergency 

Regulation Assistance Procedures are discussed in the introduction to this manual preceding the 

Table of Contents. See also Section 7-05. 

 Other – Loss of Communication 

In the event of failure of normal (telephone) communications, the project staff will maintain 

contact with the District Office by any other means available, including radio, alternate 

telephone services, the internet or by sending a messenger to the nearest point where 

communication is available. The messenger will then transmit written or verbal instructions 

from Water Management if special operation is required. If Water Management cannot be 

contacted at the District Office, one of the regulators, in order of preference as shown in the 

introduction to this manual, is to be contacted. 

If contact cannot be made the primary objective of the project staff will be to ensure the safety 

of the dam and provide the most effective operation of the project by following the guidance in 

this chapter. It may also be necessary for the project staff to monitor the effects of any reservoir 

releases on downstream damage centers. During flood risk management or emergency 

operation, the appropriate procedure in this chapter will be followed until contact with the 

District Office is re-established. 

 Deviation from Normal Regulation 

It may be necessary on occasions to deviate from the normal regulation procedures described in 

this manual. The District Office normally classifies deviations as major or minor on a case-by-

case basis with concurrence from the Division Office. If a deviation is classified as minor, the 

District Water Management Office will provide the senior Division Water Management manager 

the deviation request explaining the need for the deviation. This request is normally sent via e-

mail when there is adequate time. If the minor deviation request is considered time critical, the 

request can be made orally and once the approval is given by the Division Office an e-mail 

request should be sent for the record. If a deviation is determined to be major, a formal 

recommendation is required from the District by the Chief, Engineering and Construction 

Division. All deviation requests should be coordinated within the District Office as well as the 

appropriate Federal and State Agencies and local interests. Deviations may be implemented 

prior to reporting to higher authority for catastrophic incidents that involve the protection of 

human life, public property and the safety of project structures. 
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 Rate of Release Change 

Under normal operating conditions rate of release change should be between 20% and 30%. See 

table 5.5.6 in the ROPE study. Two or three gate changes per day may be necessary during 

critical flow periods to alleviate stress to fish and wildlife resources. 

 Definitions and Operation Levels 

The following terms are used in Section 7-05 (e.g. see  ) and elsewhere in this manual. 

This information is provided here to assist in interpreting the regulations and other historical 

references (see Section 3-07). 

a. Normal Summer Range/Band: (Sometimes called Desirable Summer Range/Band) 

Investigations were made of desirable levels for the Headwaters Reservoirs through public 

consultation. The Normal Summer Range/Band represents the reservoir level which is the 

most beneficial to a majority of the users during the summer months (see Table 7-2). 

 

b. Ordinary Operating Limits: (Sometimes called Present Ordinary Operating Limits) This 

represents the range that the reservoir is ordinarily operated in during an annual cycle, 

which minimizes the degree of high and low water damages (see Section 3-07 and  

). The full range, of course, is not experienced every year. 

 

c. Present/Total Operating Limits: The term “Total Operating Limits” (in addition to Present 

Operating Limits) is used in this manual (e.g. in   and  ). This is due to the 

fact that Pokegama, Sandy and Pine, due to subsequent flood risk management studies 

involving Pokegama and Sandy and, in the case of Pine, a dam safety upgrade, are operated 

above the limits specified in the various regulations (see Section 3-07 in the respective 

manuals). These limits represent the absolute upper and lower reservoir levels that the 

Corps can operate within (see Table 7-2). The term “Present Operating Limits” is used when 

it is felt that it will provide the easiest reference back to historic documents (e.g. primarily at 

Winnibigoshish, Leech and Gull). The Present Operating Limits were established and/or 

modified in regulations dated 1931, 1935, 1936 and 1944. Modifications to the upper limits 

at Pokegama and Sandy were published in the 1963 (revised 1968) Master Regulation 

Manual (see Section 1-03) and Cross Lake/Pine’s upper limit was modified in the 1997 

Design Memorandum (see also Section 1-03). Congressional notification of upper and lower 

reservoir levels is required by Public Law 100-676, Section 21, of the Water Resources and 

Development Act (WRDA) of 1988. See Section 3-07 of this manual for more information. 
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8 Effect of Water Control Plan 

 General 

The Water Control Plan primarily affects flood risk management, recreation and fish and 

wildlife. The plan strives to maintain stable water levels during the summer months which 

provides many benefits related to recreation, fish, wildlife, bank erosion, preservation of 

archaeological and cultural sites, and water quality (see also Chapter 2 and Section 3-06b). 

 Flood Risk Management 

 Spillway Design Flood 

The dam was constructed prior to the development of current spillway design flood standards. 

As a result, the original design of the dam was not based upon Probable Maximum Flood (PMF) 

criteria. A PMF was developed, however, for the June 1987 Emergency Plan report (see Section 

1-03), and has been incorporated into this manual for comparative purposes. The computed 

peak inflow from the PMF is 40,500 cfs. Routing of the PMF through the reservoir, resulted in a 

computed peak pool elevation of 1228.7 feet and a maximum outflow through the spillway and 

over the dam of 20,300 cfs. The PMF hydrograph for without dam failure scenario is presented 

on Plates 8-1. 

 Inflow Design Flood 

The dam was constructed before the advent of current Spillway Design Flood criteria (see next 

paragraph). 

 Reservoir Design Flood 

A Standard Project Flood (SPF) for Big Sandy Lake Dam was developed and presented in the 

Corps of Engineers report titled, "Review of Design Features of Existing Dams (RCS ENGCW-(OT) 

761; Supplement No. 1), Mississippi River Headwaters Reservoirs", in March 1974 (see Section 

1-03). The purpose of this report was to determine a Spillway Design Flood (SDF) for each of the 

Headwaters reservoirs. The term “Spillway Design Flood” as used in the report does not refer to 

the design used to construct the dam but rather to a flood derived by means of the criteria 

available at the time (i.e. 1974). The report adopted the SPF as the SDF. See Plate 8-2. 

Big Sandy Lake Dam is only 1.25 miles upstream of the mouth of the Sandy River, which 

discharges into the Mississippi River. At Big Sandy Lake Dam the tailwater stage is greatly 

affected by a variable backwater from moderate to high stages on the Mississippi River. During 

large floods Big Sandy Lake Dam can be completely inundated by backwater from the Mississippi 

River. Consequently, the adopted SPF flood series for Big Sandy Lake Dam was derived from the 

Mississippi River at a location immediately above the mouth of the Sandy River. This condition, 

due to the Mississippi River backwater effect, was found to be more critical than an SPF derived 

for the area above Big Sandy Lake Dam. The SPF was based upon the 1950 flood. 

The SPF peak discharge is estimated to be 29,000 cfs. This is equivalent to an elevation of 

1226.81 feet at the U.S.G.S. gage on the Mississippi River at Libby, Minnesota, just below the 
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mouth of Sandy River (this gage has been discontinued). Assuming a flat pool into Big Sandy 

Lake, this is the SPF maximum pool elevation for the reservoir.  

An index Standard Project Storm rainfall of 9.0 inches was used. An initial loss rate of 1.0 inch 

was satisfied by placing the second largest day of rainfall before the maximum day. A uniform 

loss rate of 0.20 inch per hour was used and only one six-hour period had rainfall greater than 

the loss rate. The rainfall excess during that period was 5.25 inches. 

 Other Floods 

Selected floods are described in Section 4-06 and are listed in   along with some 

corresponding information for the reservoir. 

 Recreation 

The current Water Control Plan for the reservoir provides dependable and stable summer lake 

levels, which benefit resort owners, lakeshore residents and area commerce. Stable summer 

levels reduce shoreline erosion, improve wildlife habitat and provide a known reference for land 

owners to use for cabins and docks. See Sections 2-06 and 7-06. 

 Water Quality 

This Water Control Plan does not significantly impact the rate or level of eutrophication of Big 

Sandy Lake, which is the only water quality problem at Big Sandy Lake. Eutrophication is 

primarily due to both point and non-point nutrient loadings from the watershed. Big Sandy Lake 

is currently listed on the Minnesota Pollution Control Agency’s (MPCA) 2008 303(d) Impaired 

Waters List due to excessive nutrients (phosphorus). A Total Maximum Daily Load (TMDL) 

Report was completed for Big Sandy Lake in January 2010. As of 2018, Big Sandy remains on the 

Impaired Waters List. Phosphorus load reductions to Big Sandy Lake will be achieved by 

targeting multiple nonpoint sources.  

See Sections 4-08, 5-02, 7-07. 

 Fish and Wildlife 

The U.S. Fish and Wildlife Service has performed studies of the water levels maintained during 

the operation of Big Sandy Lake and has concluded that the present reservoir regulation 

schedules are generally satisfactory from the wildlife point of view. The current Water Control 

Plan provides for stable summer levels and consistent recurring year round levels, which benefit 

fish and wildlife. See Section 7-08. 

 Water Conservation/Water Supply 

The headwaters reservoirs are not used for water supply under normal operations. The Drought 

Contingency Plan should be referenced for information on water supply issues in the region. See 

Sections 1-03, 7-09, and 7-12. 
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 Hydroelectric Power 

The Water Control Plan’s streamflow regulation provides flow- duration characteristics, which 

benefit downstream hydropower plants. See also Section 7-10. 

 Navigation 

The benefits of the Water Control Plan, with respect to navigation, occurred primarily in the 

years prior to the 1930's. After this time, the 9-foot channel project below Minneapolis 

eliminated the need for releases to aid navigation. See Section 2-02. 

 Drought Contingency Plans 

A Drought Contingency Plan (DCP) specifically for Big Sandy has not been prepared, however, 

numerous drought considerations have been finalized over the years, particularly since the 

devastating drought of 1988 and 2012.  

 Flood Emergency Action Plans 

The Emergency Action Plan provides a guide for the necessary actions to identify, mitigate and 

respond to various types of emergencies, which while rare, could occur in the operation of the 

dam. The plan is a stand-alone document (see Section 1-03).  

 Frequency 

Also see Section 4-07. 

 Peak Inflow Probability 

Plate 8-3 illustrates the probability of given inflow volumes into Big Sandy Lake for durations of 

1, 3, 10, 30 and 90 days. The inflow curves are based on data developed by reverse routing using 

daily lake elevation and discharge records from 1899 through 1985. The one-day volume-

frequency curve, as well as the remaining curves, were developed in accordance with the 

methods presented in Water Resources Council Bulletin 17B. The curves were smoothed 

graphically to correlate with the one-day curve. Lake elevations used in the reverse routing 

analysis are likely to have been affected by wind speed and direction. No smoothing was done 

to the reverse routed hydrographs prior to the statistical analysis to account for wind-related 

and other data irregularities and resulting "negative inflows". 

 Pool Elevation Duration and Frequency 

The annual probability of a given peak pool elevation is given on Plate 8-4. The percent of the 

time the pool is at, or above, a given elevation is presented on Plate 8-5. These curves were 

developed for the period 1936 through 1985. Outflow values prior to 1936 are 

nonhomogeneous due to a change in the reservoir regulation schedule. 

 Key Control Points 
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9 Water Control Management 

 Responsibilities and Organization 

 USACE 

The Corps of Engineers is the owner, operator and regulator of the Big Sandy Lake Dam and 

Reservoir. The Water Management Section has direct day-to-day responsibility for the 

regulation, and the Operations Division has responsibility for the operation and maintenance of 

the project. A portion of Big Sandy Lake is within the boundary of the Big Sandy Lake Indian 

Reservation, whose residents are formally represented by the Government of the Mille Lacs 

Band of the Minnesota Chippewa Tribe, a Federally Recognized Tribe. As stated in Cherokee 

Nation vs. Georgia (1831), a unique relationship exists between the United States Government 

and Federally Recognized Tribes. Several treaties exist between the Mille Lacs Band and the 

Federal Government. Treaties signed in 1826, 1837, 1847 and 1855; court cases; administrative 

law; and statute define the legal obligations of the Federal Government to the Mille Lacs Band. 

The legal trust relationship predates the Headwaters Lakes project and the existence of 

Minnesota as a state. The Corps of Engineers, as an agency of the Federal Government, is a 

party to such relationships. It shall, to the best of its ability, strive to fulfill such obligations 

inasmuch as they do not conflict with the rights of the United States Government, which are 

paramount, to use the waters of Big Sandy Lake for its authorized purposes. An additional 

consideration at Big Sandy Lake is the presence of a burial area near the lakeshore, which could 

be subject to damage from flooding and/or erosion. This burial area is on land held in trust by 

the Federal Government "for the benefit of the Indians living in the area. The USACE assumes all 

authority in the operation and maintenance responsibilities for the Big Sandy Dam. Day-to-day 

operation generally follow guidance provided in the Standing Instructions to Project Operator 

(Section 7-04). 

 Other Federal Agencies 

The National Weather Service has the responsibility for official hydrologic forecasts within the 

Upper Mississippi River Basin. The U.S. Geological Survey collects data on the discharges at 

various stations within this basin (see map, Plate 5-1).  

 State, County, and Local Agencies 

State agencies having an interest in Big Sandy Lake regulation are the Minnesota Pollution 

Control Agency, Minnesota Department of Natural Resources, and Mississippi Headwaters 

Board. Interested local agencies include the City of Aitkin and the power utilities downstream of 

Aitkin. There are no State and/or local agencies that have direct or indirect responsibilities in the 

operation and maintenance of the Big Sandy Reservoir. 

 Private Organizations 

The Big Sandy Lake Association is one private organization that has a role or responsibilities for 

the operation and maintenance of the Big Sandy Reservoir. Other local private interests include 

area resorts, homeowners, and recreational users. 
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 Interagency Coordination 

 Local Press and USACE Bulletins 

Information concerning the regulation of the reservoir is provided by the St. Paul District's Public 

Affairs Office (PAO) through social media and to the local news media in response to their 

requests. Additionally, the PAO provides news releases of an advisory nature to the local news 

media regarding important aspects of project regulation. These news releases do not provide 

public forecasts of river stages or flows however, because such forecasts are a congressionally 

mandated responsibility of the National Weather Service. 

 National Weather Service 

Current readings from the headwaters reservoirs are supplied to the National Weather Service 

on a regular basis. These readings include discharges, reservoir levels, snow depth/water 

content, frost depths and precipitation. The National Weather Service uses this information in 

developing their river forecasts. 

 U.S. Geological Survey 

This agency receives data from its own and co-operative observer gages, the DCP network, as 

well as from the Water Management Section on a regular schedule and other times on request. 

 Power Marketing Agency 

Power generation is not applicable to this project. 

 Other Federal, State, or Local Agencies 

The U.S. Fish and Wildlife Service, National Resource Conservation Service, U.S. Forest Service, 

and the Environmental Protection Agency, all have an ongoing interest in Big Sandy Lake, and 

assist in the regulation of the reservoir through data sharing and coordination. 

 Interagency Agreements 

There are no formal inter-agency agreements for the operation and maintenance of the Big 

Sandy Reservoir. However, the St. Paul District works to resolve issues in regulatory matters 

affecting Tribal or state interests by informal coordination with the Indian Tribes and the  

Minnesota Department of Natural Resources (MDNR).  

 Commissions, River Authorities, Compacts, and Committees 

The Upper Mississippi River Basin Association (UMRBA) is an interstate organization formed by 

the governors of Illinois, Iowa, Minnesota, Missouri, and Wisconsin. The primary responsibility 

of UMRBA is the coordination of Federal, State, Interstate, local, and non-Governmental plans 

for regional development of water and related land resources in the basin. The Mississippi 

Headwaters Board (MHB), formed in 1980, is a joint powers board of eight counties working to 

enhance and protect the natural, cultural, historic, scientific and recreational values of the 

headwaters region. 
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A-03 Hydrology 

Drainage Area 
 

421 square miles 

One Inch of Rainfall Equals 
 

22,453 acre-ft. 

Storm Types 
 

Thunderstorm, Frontal Rain, Snow 

Flood Season 
 

15 March – June 

Low Flow Season 
 

July – October 

Note: All inflows are based on 24-hour averages from reverse routing. 
 
Minimum Daily Inflow 
 

Flow is very low during dry periods 

Minimum Mean Monthly Inflow 
 

Flow is very low during dry periods 

Minimum Mean Annual Inflow 
 

76 cfs (1934) 

Maximum 24-hr Average Inflow 
 

6,910 cfs (8 May 1950) 

Maximum Mean Monthly Inflow 
 

2,870 cfs (May 1950) 

Maximum Mean Annual Inflow 
 

549 cfs (1953) 

Average Annual Inflow 
 

249 cfs (Period, 1899-1985) 

Maximum Flood Volume 
 
 

254,600 ac-ft (16 April – 8 June 1950) (overflow 
from Mississippi River included) 

Name and Location of Key Streamflow 
Stations 
 

Mississippi at Aitkin, MN and the Aitkin Diversion 
Channel 

Type of Hydrometeorological Data 
Recorded at Site 
 

Rainfall, Snowfall, Temperature, Cloud Cover, 
Wind (See Chapter 5) 

Typical Maximum Snowpack 
 

15-31 March 

Number of Sediment Ranges 
 

None 

Probable Maximum Flood Data: See Section 8-02 
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A-04 Embankments and Dikes 

Embankment 
 

Type 
 

Earthfill with timber diaphragm 

Slope Protection 
 

Riprap and Grass; Bituminous Top (roadway) 

Length 
 

1,586 ft. (total left and right) 

Height 
 

20.5 ft. 

Top Width 
 

22 ft. 

Minimum Top Elevation 
 

1225.1 ft. 

 
Perimeter Dikes (Also see   
    Table 2-2) 

 
Number 
 

4 

Purpose 
 

Impoundment 

Slope Protection 
 

Riprap and Grass; Bituminous Top 

Length 
 

3,700 ft. 

Height 
 

Varies; Generally <20 ft. 

Type 
 

Compacted Earthfill 

Minimum Compacted Earthfill 1225.1 ft. 
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A-05 Outlet Structure 

Type 
 
 

Gated multi-bay mass concrete sluiceways 
with concrete apron 

Structure Length between Abutments 
 

109 ft. 

Number, Size, and Type of Gates 
 
 
 
 
 
 

Six 5 ft. wide by 4 ft. high slide gates 
One 11 ft. wide stoplog bay (log sluice) 
Three 5 ft. 2 in. wide stoplog bays (in old lock 
chamber) 
Two 5 ft. 3.25 in. wide stoplog bays (in old 
lock chamber) 

Entrance Invert Elevation 
 

1207.31 ft. (slide gates and log sluice) 
1216.81 ft. (stoplog bays in old lock chamber) 
 

Energy Dissipater 
 

Stilling Basin 

 

A-06 Spillway 

No Service or Emergency Spillways Gated concrete sluiceway outlet facility only 
 

A-07 Spillway Apron 

Type 
 

Concrete on Timber Piles 

Length 
 

41.0 ft. 

Width 
 

109.0 ft. 

Floor Elevation 1207.31 ft. 
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A-08 Control Points and River Reaches 

Aitkin Diversion Channel 
 

Location 
 
 
 

Inlet at river mile 1064.0 above the Ohio 
River, 42.8 river miles downstream of Big 
Sandy Lake Dam near Aitkin, MN 

Purpose 
 

Flood control for the Aitkin area 

Channel Description 
 
 

Diversion Channel (6 miles long, 90 ft. bottom 
width, 1 on 3 side slopes) 

Uncontrolled Drainage Area 
 

2,454 sq. mi. 

Treatment of Uncontrolled Runoff 
 

Contributes to Flood Control 

Target Flow Rate 
 

See Guide Curves 

Time of Water Travel 
 
 

Approx. 1 day from Sand Lake Dam 

Related Control Structures 
 

Location 
 

Weirs: 
 Aitkin Diversion Inlet 
 Aitkin Diversion Outlet 
 

 
River mile 1064.0 
River mile 1040.4 

Drop Structures: 
 Little Willow River 
 Wakefield Creek 
 County Ditch #11 

 
Sta. 250+00 of Aitkin Diversion 
Sta. 160+80 of Aitkin Diversion 
Sta. 21+56 of Aitkin Diversion 
 

Channel Cutoffs: 
 Pine Knoll 
 Tow Head Rapids 

 
River mile 1040.9 – 1040.1 
River mile 1031.4 – 1030.5 
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A-09 Control Structures Downstream 

Purpose Inlet and outlet weirs of the Aitkin 
Diversion Channel 

Type Ungated overflow weirs 
Flow Passage Invert Elev. 
 
 
 

 Channel Bed Crest 
Inlet: 1186.0 ft. 1190.0 ft. 
Outlet: 1181.3 ft. 1181.3 ft. 

Pertinent Discharge Capacity: 
 

6000 cfs 

Agency Responsible for Maintenance and Inspection Aitkin County and the City of Aitkin 
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Exhibit B Standing Instructions to the Project Manager for Water Control 

Location: Sandy Lake Dam is on the Sandy River near Libby, Minnesota, 1.2 miles upstream of the 

confluence with the Mississippi River. The confluence is at river mile 1105.6 above the Ohio River. The 

dam is 14 miles north of McGregor, Minnesota in Aitkin County. It is at Lat. 46° 47' 20", Long. 93° 19' 

10", in Section 25, T50 N, R24 W. 

Drainage area above Big Sandy Dam is 421 square miles. 

Data is in datum NGVD 1929. To convert to NAV 1988, NGVD 1929 + 0.69 ft = NAV 1988. 

 

Big Sandy Dam 

Dam Type:    Compacted Earth Filled 

Dam Length:   1,586 feet 

Dam Height:   20.5 feet 

Dam Top Width:   22 feet 

Control Structure Type:  Gated Multi-Bay Mass Concrete with Concrete Apron 

Control Structure Length: 109 feet 

 

Big Sandy Lake Reservoir  Elevation (ft)  Capacity (ac-ft)  Area (acres) 

Gate Sills    1207.31 

Summer Conservation Pool  1216.31    62,000    9,400 

(~15-May to 1-October) 

Winter Drawdown Pool   1214.31   44,000    8,100 

(1-October to late February) 

Maximum Operating Limit  1218.31   82,000   10,700 

Top of Control Structure  1221.31  118,000  12,900 

Flowage Easement Level  1222.31 
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B-1  Background and Responsibilities 

1. General Information:  

a. Authorization for Preparation of this Manual: These “Standing Instructions to the 

Project Manager for Water Control” for the Big Sandy Dam and Reservoir were 

prepared in compliance with instructions contained within DIVR 1110-2-240, 

specifically paragraph 5 and page A-9-12. A copy of the Big Sandy Dam and 

Reservoir Water Control Manual, (of which these instructions are an exhibit), must 

be kept at the Big Sandy Corps office. Any deviation from the instructions will 

require the advance approval of the US Army Corps of Engineers (USACE or Corps) 

St. Paul District Commander. This manual was prepared in compliance with the 

guidelines presented in: 

(1) Division Regulation, DIVR 1110-2-204, Water Control Management, 

Reporting Current Conditions, 5 August 1992. 

(2) Engineering Regulation ER 1110-2-240, Water Control Management, 30 

Mary 2016, amended 8 October 1982, 30 April 1987 and 1 March 1994. 

(3) Engineering Manual EM 1110-2-3600, Management of Water Control 

System, 10 October 2017. 

 

b. Project Location and Description: Sandy Lake Dam and Reservoir are part of the 

Mississippi River Headwaters Basin. The dam is located in Aitkin County, Minnesota, 

on the Sandy River, 1.25 miles upstream of the junction of the Sandy and Mississippi 

Rivers, at Mississippi River mile 1106.85 above the Ohio River. It is 264.2 Mississippi 

River miles above St. Paul, 50.2 Mississippi River miles above Aitkin, Minnesota, and 

77.7 Mississippi River miles below Pokegama Dam. Libby, Minnesota, is a nearby 

community. See Plate 2-1. 

 

c. Project Owner and Operating Agency: The U.S. Army Corps of Engineers, St. Paul 

District is responsible for the regulation of the Big Sandy Project. The United States 

government is the owner of the project. The U.S. Army Corps of Engineers, St. Paul 

District, Operations Division is responsible for the operation and maintenance of the 

Big Sandy Project. Regulation instructions for the project are provided by the Water 

Management Section, Engineering and Construction Division. The project is 

attended continuously during normal business hours by the Supervisory Park 

Manager and his/her staff. The Northern Headwaters Operations Project Manager is 

in the Pokegama Dam office in Grand Rapids, Minnesota. 

 

d. Project Purposes: The original authorized purpose of the Big Sandy Project, as 

authorized in the Rivers and Harbors Act of 1881, 21 Stat. 468, was to increase 

Mississippi River discharges during low-flow periods to aid navigation between St. 

Paul, Minnesota, and Lake Pepin, near Lake City, Minnesota. Other authorized 

purposes include flood risk management, recreation, hydropower, water supply, 

and enhanced fish and wildlife production. 
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e. Project Constraints: Principal regulation problems include bank erosion and 

overtopping during extreme high water. Bank erosion due to higher than normal 

pool levels and wave action causes destruction to shoreline archaeological and 

cultural sites, damages recreation and commercial interests, and contributes to 

degraded water quality. Sandy Lake experiences considerable shoreline erosion due 

to its circular shoreline configuration and large range of lake level fluctuations. 

During the 1950 flood, Sandy Lake Dam was overtopped by 3.5 feet. Temporary 

dikes were constructed on the embankment to prevent erosion and loss of the 

structure. During the 2012 flood, a temporary dike was constructed on the left side 

of the structure. 

 

2. Role of Project Manager: 

a. Normal Hydrometeorological Conditions (including Floods and Droughts): The 

Project Manager will be instructed by Water Management in the St. Paul District 

office on a day-to-day basis for water control actions under normal 

hydrometeorological conditions. 

 

b. Emergency Conditions: Conditions become emergency if needed to protect the 

safety of the structure, to avoid health hazards, or to avoid any other critical 

situation that may arise. The Project Manager will issue adequate warning or 

otherwise alert all affected interests to possible hazards caused by project 

regulation. 

 

B-2  Hydrometeorological Data Collection and Reporting 

1. Normal Hydrometeorological Conditions (including Floods and Droughts): The information 

needed to operate the dam and regulate the reservoir is provided to Water Management by 

the Project Resource Manager. Daily (8:00 a.m.) readings for the pool elevation, tailwater 

elevation, and outflow are given, as well as precipitation and wind readings. Once Corps 

Water Management System (CWMS) is fully implemented (expected in FY20) staff at the Big 

Sandy Project Office will continue to enter precipitation but instead of entering the 0800-

hour pool, tailwater and outflow readings the staff will record gate changes as they occur to 

the nearest 15 minutes. The pool and tailwater elevations are also recorded by Data 

Collection Platforms (DCPs) and transmitted via satellite directly to Water Management's 

Local Readout Ground Station (LRGS). At each DCP gage, the correspondence between the 

gage and DCP readings is checked visually by project personnel at regular intervals. Daily 

inflow to the reservoir is calculated by Water Management from the change in reservoir 

elevation and the outflow. Copies of the official site log sheets are copied to Water 

Management’s folder on the district server. In the winter, snow depth, water content, frost 

depth, and lake ice thickness are reported weekly to Water Management. The snow survey 

is used to estimate the amount of water available for spring runoff. Frost depth readings 

provide information on the amount of infiltration expected. The snow and frost information 

are also provided to the National Weather Service and the State of Minnesota Climatology 

Office. 
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2. Emergency Conditions: The Project Manager will be informed by the District Office of 

regional hydrometeorological conditions that may impact the structure. 

 

B-3  Water Management Action and Reporting 

1. Low Hydrometeorological Conditions (Droughts): When the pool is above elevation 

1214.31 ft, the minimum flow is 20 cfs. When the pool is below elevation 1214.31 ft, the 

minimum flow is 10 cfs. 

 

2. Normal Hydrometeorological Conditions: Following the spring runoff event, the Big Sandy 

pool level is held at elevation 1216.31 +/- 0.25 feet. Big Sandy is regulated to maintain its 

spring/summer conservation elevation. A minimum flow of 20 cfs is maintained. On or 

around 1 October, the pool is gradually lowered for winter drawdown. The full winter 

drawdown is 2.0 feet. See Plate 7-1 for a graphical depiction of drawdown elevations. 

Additional information is available in Chapter 7. 

 

3. High Hydrometeorological Conditions (Floods): 

a. Spring Floods: As the spring runoff progresses, which typically begins in March or 

April and concludes by late-May, the dam’s gates will opened to maintain the full 

drawdown and maintain as much flood control storage as possible. As the run-off 

starts, open gates so that outflow matches inflow in an attempt to hold the current 

pool elevation (drawdown of conservation) as long as possible. Once the Mississippi 

River rises and affects tailwater elevation at the dam, the gate openings typically go 

to full open. With the slide gates full open and inflow exceeding the outflow 

capacity of the gates, the gate in the log sluice bay may be opened. If further 

outflow is needed, the stop logs in the bays of the old lock chamber can be 

removed. As flows recede, the gates and stop logs are adjusted as necessary to hold 

the pool in the normal summer range. 

 

b. Summer/Fall Floods: Generally during the period from mid-May until 1 October, the 

dam’s gates will be opened to maintain the normal summer range. If the 

precipitation event is excessive and wide spread, the inflows will exceed outflow 

capacity and the pool will rise, especially if the Mississippi River rises. The log sluice 

gate and bays of the old lock chamber can be used to increase outflow. 

 

4. Emergency Conditions: The Project Manager may temporarily deviate from these Standing 

Instructions in the event it is necessary for emergency reasons to protect the safety of the 

structure, to avoid health hazards, or to avoid any other critical situation that may arise. 

Such action will be reported immediately to Water Management personnel. 

 

5. Inquiries: All significant inquires received by the Project Manager from citizens, constituents 

or interest groups regarding water control procedures or actions must be referred to Water 

Management personnel. 
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6. Water Management Problems: Water Management must be contacted immediately by the 

most rapid means available in the event an operational malfunction, erosion, or other 

incident occurs that could impact project integrity, in general, or water control capability, in 

particular. 

 

7. Communication Outage: In the event of failure of the computer system, field staff will 

maintain contact with Water Management by telephone and will continue to follow the 

water control actions within the Standing Instructions along with Chapter 7 of the Water 

Control Manual.
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Exhibit C Mississippi Headwater Regulation Worksheet 
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MISSISSIPPI RIVER HEADWATERS 
NAVIGATION AND FLOOD CONTROL PROJECT 

RESERVOIR REGULATION MANUAL 
APPENDIX 4, SANDY LAKE 

BEMIDJI, MN 
 (SANDY LAKE) 

CORPS OF ENIGNEERS, U.S. ARMY 
ST. PAUL ENGINEERING DISTRICT 

ST. PAUL, MINNESOTA 
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MISSISSIPPI RIVER HEADWATERS 
NAVIGATION AND FLOOD CONTROL PROJECT 

RESERVOIR REGULATION MANUAL 
APPENDIX 4, SANDY LAKE 

ELEVATION FREQUENCY CURVE
 (SANDY LAKE POOL, 1899 - 2020) 
CORPS OF ENIGNEERS, U.S. ARMY 
ST. PAUL ENGINEERING DISTRICT 

ST. PAUL, MINNESOTA 
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MISSISSIPPI RIVER HEADWATERS 
NAVIGATION AND FLOOD CONTROL PROJECT 

RESERVOIR REGULATION MANUAL 
APPENDIX 4, SANDY LAKE 

ELEVATION DURATION CURVE
(SANDY LAKE POOL, 1899 - 2020) 
CORPS OF ENIGNEERS, U.S. ARMY 
ST. PAUL ENGINEERING DISTRICT 

ST. PAUL, MINNESOTA 
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MISSISSIPPI RIVER HEADWATERS 
NAVIGATION AND FLOOD CONTROL PROJECT 

RESERVOIR REGULATION MANUAL 
APPENDIX 4, SANDY LAKE 

DISCHARGE FREQUENCY CURVE 
(SANDY LAKE, 1932 - 2020) 

CORPS OF ENIGNEERS, U.S. ARMY 
ST. PAUL ENGINEERING DISTRICT 

ST. PAUL, MINNESOTA 
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MISSISSIPPI RIVER HEADWATERS 
NAVIGATION AND FLOOD CONTROL PROJECT 

RESERVOIR REGULATION MANUAL 
APPENDIX 4, SANDY LAKE 

ELEVATION FREQUENCY CURVE
(SANDY LAKE TAILWATER, 1930 - 2020) 

CORPS OF ENIGNEERS, U.S. ARMY 
ST. PAUL ENGINEERING DISTRICT 

ST. PAUL, MINNESOTA 
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MISSISSIPPI RIVER HEADWATERS 
NAVIGATION AND FLOOD CONTROL PROJECT 

RESERVOIR REGULATION MANUAL 
APPENDIX 4, SANDY LAKE 

PEAK DISCHARGE FREQUENCY CURVE
USGS GAGE 05227500

MISSISSIPPI RIVER AT AITKIN, MN
120 RECORDS (1888, 1899, 1902 - 2020) 

CORPS OF ENIGNEERS, U.S. ARMY 
ST. PAUL ENGINEERING DISTRICT 

ST. PAUL, MINNESOTA 




