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NOTICE TO USERS OF THIS MANUAL 
 

This Water Control Manual complies with the latest US Army Corps of Engineers guidelines 
regarding management of water control systems and preparation of water control manuals.  
The St. Paul District prepared the Preliminary Report on Operation of Navigation Pools on 
16 February 1943.  This document provided the operational information for Lock and Dam 
Numbers 1 through 10.  This was replaced by a Master Regulation Manual in September 
1969.  Appendices for each lock and dam were added during the years 1969 through 1972, 
with Appendix No. 4 being completed in September 1969.  This manual is an update of 
Appendix No. 4.  The manual is published in loose-leaf form to facilitate modifications.  In 
the future, only those sections, or parts thereof, requiring changes will be revised and 
replaced. 
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PERTINENT DATA 
 
Location:  Lock and Dam No. 4 is located on the Mississippi River, 752.8 river miles above 
the mouth of the Ohio River, 44.2 river miles below Lock and Dam No. 3, and 14.7 river 
miles above Lock and Dam No. 5.  The lock is on the left bank of the river adjacent to the 
city of Alma, Wisconsin at approximate latitude 44º 19’ 30”N and longitude 91º 55’ 24” W.  
 
Drainage Area:  57,100 square miles  Datum:  MSL - 1912 Adjustment 
 
Fixed Height Dam   

Type:      Earth Dike 
 Total Length:      5,496 feet 
 Crest Elevation:    677.0 feet 
 Top Width:     20 feet 
 Max Height:     29 feet 
 
Moveable Dam 
 Roller Gates:     6 Gates 60 feet by 20 feet 
 Tainter Gates:     22 Gates 35 feet by 15 feet 
 Roller Gate Sill:     Elevation 647.0 feet 
 Tainter Gate Sill:     Elevation 652.0 feet 
 Top of Bridge Deck:    Elevation 695.0 feet 
 Roller and Tainter Gate End Sill:  Elevation 650.0 feet 
  
Lock 
 Main Lock Chamber:    110 feet by 600 feet 
 Top of Lock Walls:    Elevation 672.0 feet 
 Top of Upper Gate Sill (Main):  Elevation 650.0 feet 
 Top of Upper Gate Sill (Auxiliary):  Elevation 650.0 feet 
 Top of Lower Gate Sill:   Elevation 647.0 feet 
 Lock Floor:     Elevation 646.0 feet 
 Height of Upper Miter Gates (Main):  20.0 feet + 2-foot Splash Guard 
 Height of Upper Miter Gates (Aux.):  20.0 feet  
 Height of Lower Miter Gates:   23.0 feet + 2-foot Splash Guard 
 Top Upper/Lower Miter Gates:  Elevation 672.0 feet 
 
Pool 
 Normal (Project) Upper Pool:   Elevation 667.0 feet 
 Normal (Project) Lower Pool:  Elevation 660.0 feet 
 Total Pool Area (at Project Pool):  38,820 acres 
 Primary Control Point:   Wabasha, MN, Elev. 667.0 ft 
 Secondary Control Point:   Lock & Dam 4  Elev. 666.5 ft 
   
 
Notes: 1.   Roller gates are submergible to 3.0 feet below Normal Pool (667.0 feet). 

2. Four tainter gates are submergible to 2.0 feet below Normal Pool (667.0 feet). 
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I – INTRODUCTION 
 

1-01 Authorization for Preparation of this Manual.  Pursuant to the instructions 

from the Chief of Engineers dated 15 May 1942 and 29 August 1942, subject 

“Operation of Flood Control and Multiple-Purpose Reservoirs”, the methods and 

technique used in operating the navigation pools on the Mississippi River in the 

St. Paul District was documented in February 1943.  Authority to prepare 

“Regulation Manuals” for the locks and dams was granted by Engineering 

Regulation (ER) 1110-2-240, Reservoir Regulation, 1958.  While ER 1110-2-240 

has been updated and amended many times since the date of issuance, the 

document continues to give the Corps of Engineers authority to prepare what 

became known as “Water Control Manuals” by ER 1110-2-240, Water Control 

Management, 1982.  This manual supercedes Lock and Dam No. 4 Regulation 

Manual dated September 1969 and was prepared in compliance with the 

guidelines presented in: 

a. Engineering Regulation, ER 1110-2-240, Water Control Management,  
8 October 1982, amended 30 April 1987 and 1 March 1994. 

b. Engineering Manual, EM 1110-2-3600, Management of Water Control 
Systems, 30 November 1987. 

c. Division Regulation, DIVR 1110-2-240, Water Control Management, 
Preparation of Water Control Plans and Manuals, 1 January 1992. 

d. Engineering Regulation, ER 1110-2-8156, Preparation of Water Control 
Manuals, 31 August 1995. 

   
1-02 Purpose and Scope. The purpose of this manual is to provide guidance and 

instruction for project personnel and to serve as a reference source for others who 

may be involved with the regulation of this project.  The manual is for daily use in 

Water Control Section activities for most foreseeable conditions and occurrences.  

The manual covers all water control management activities as they relate to the 

hydraulic and hydrologic aspects of the project. 

 
1-03 Related Manuals and Reports.   The Upper Mississippi River Lock and Dam 

system was authorized when Congress approved the nine-foot channel on 3 July 

1930.  A general scheme of operation was developed on 28 March 1935.  Lock 
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and Dam No. 4 was put into operation on 26 June 1935.  The following is a list of 

related Manuals and Reports in chronological order.  

 

a.  Survey of Mississippi River Between Missouri River and Minneapolis, Letter 
from The Secretary of War, 72 Congress, 1st Session, House Document No. 
137, Part 1 – Report, 9 December1931. 

b. Report on General Scheme of Operation for the Dams of the 9-Foot Channel 
Project, by J. A. Grant, Senior Engineer, War Department, Office of the Chief 
of Engineers, 28 March 1935. 

c. Preliminary Report on Operation of Navigation Pools, War Department, U.S. 
Engineer Office, St. Paul District, St. Paul, Minnesota, 16 February 1943. 

d. Master Regulation Manual for Mississippi River Nine-Foot Channel 
Navigation Projects, U.S. Army Corps of Engineers, St. Paul District, 
September 1969. 

e. Mississippi River Nine-Foot Channel Navigation Project, Reservoir 
Regulation Manual, Appendix 4, Lock and Dam No. 4, Alma, Wisconsin, U.S. 
Army Corps of Engineers, St. Paul District, September 1969. 

f. Creativity, Conflict & Controversy: A History of the St. Paul District, U.S. 
Army Corps of Engineers, by Raymond H Merritt, 1979. 

g. Upper Mississippi River, Land Use Allocation Plan, Master Plan for Public 
Use Development and Resource Management, Part I and Part II, U.S. Army 
Corps of Engineers, St. Paul District, September 1983. 

h. Emergency Plan for Lock and Dam No. 4, Alma, Wisconsin, U.S. Army Corps 
of Engineers, St. Paul District, July 1985.  

i. Scour Protection for Locks and Dams 2-10, Upper Mississippi River, 
Technical Report HL-87-4, Waterways Experiment Station, U.S. Army Corps 
of Engineers, Vicksburg, Mississippi, April 1987. 

j. Commerce and Conservation on the Upper Mississippi River, by John O. 
Anfinson, District Historian, U.S. Army Corps of Engineers, St. Paul District, 
1990. 

k. Gateways to Commerce, The U.S. Army Corps of Engineers’ 9-Foot Channel 
Project on the Upper Mississippi River, National Park Service, Rocky 
Mountain Region, 1992. 

l. Authorized and Operating Purposes of Corps of Engineers Reservoirs, U.S. 
Army Corps of Engineers, Washington D. C., July 1992. 

m. Channel Maintenance Management Plan, Upper Mississippi River Navigation 
System, U.S. Army Corps of Engineers, St. Paul District, 1996. 

n. Zebra Mussel Response Plan, U.S. Army Corps of Engineers, St. Paul 
District, November, 1997. 

o. Locks and Dams Sounding Reports, Volume 2, U.S. Army Corps of Engineers, 
St. Paul District, 1999. 

p. 2001 Annual Report - Water Quality Management Program, U.S. Army Corps 
of Engineers, St. Paul District, January 2002. 
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1-04. Project Owner.  The United States Government is the owner of Lock and Dam 

No. 4.  It is regulated, operated, and maintained by the U.S. Army Corps of 

Engineers, St. Paul District. 

   

1-05. Operating Agency.  Regulation is the responsibility of Engineering Division, 

while operation and maintenance is the responsibility of Construction and 

Operations (Con-Ops) Division.  The following chart shows the command 

structure for Lock and Dam No. 4. 

 
  St. Paul District Office 

   ←  ←  ← District Engineer  →  →  → 
        ↓              ↓ 
    Chief Engineering Division     Chief Con-Ops Division 
        ↓              ↓ 
     Chief H&H Branch      Chief Lock & Dam Project Office 
        ↓              ↓ 
      Chief Water Control Section      Area Lockmaster 

↓ ↓   
Water Control Manager            Lockmaster 

      651-290-5624    →   →   →   →   →  →   608-685-4421 
    fax 651-290-5841        fax     608-685-3840 

           
 

The project is attended 24 hours a day, every day of the year.  The Chief, Con-

Ops Division and the Chief, Engineering Division are located in the St. Paul 

District Office, whereas the Lock and Dam Project Office is located in Fountain 

City, Wisconsin and the Area Lockmaster is stationed at Lock and Dam No. 6. 

 
1-06. Regulating Agency.  Regulation of Lock and Dam No. 4 is under the supervision 

of the Water Control Section as by the above command structure. 
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II – DESCRIPTION OF PROJECT 
 

2-01. Location.  Lock and Dam No. 4 is located on the Mississippi River, 752.8 river 

miles above the mouth of the Ohio River, 44.2 river miles below Lock and Dam 

No. 3, and 14.7 river miles above Lock and Dam No. 5.  The lock is on the left 

bank of the river at the city of Alma, Wisconsin at approximate latitude 44º 19’ 

30” N and longitude 91º 55’ 24” W.   The project is bordered by Buffalo County 

on the Wisconsin side and Wabasha County on the Minnesota side.  The project 

location is shown on Plate 2-1. 

 
2-02. Purpose.  Lock and Dam No. 4 is a unit of the Inland Waterway Navigation 

System of the Upper Mississippi River Basin.  The system includes 29 locks and 

dams, which provides a “stairway of water” from Minneapolis, Minnesota to St. 

Louis Missouri.  The primary purpose of the dams is to maintain a depth of nine 

feet for navigation.  The authorized purposes for Lock and Dam No. 4 are 

navigation and recreation under Public Laws PL 71-250 and PL 78-534, 

respectively.  Access and facilities are provided for recreation, but water is not 

controlled for that purpose. 

 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 

Figure 2-1.  Stairway of Water, Minneapolis to St. Louis 
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2-03. Physical Components.  Lock and Dam No. 4 consists of a main and uncompleted 

auxiliary lock, a movable dam section, and an earthen dike.  The locks and 

moveable dam are supported on timber piling driven into sand and gravel and 

include sheet pile cutoff walls.  The earthen dike has a steel sheet pile cutoff wall 

that extends 850 feet from the abutment.  The following describes the hydraulic 

feature of each component in detail. 

 
Figure 2-2.  Lock and Dam No. 4 (Looking East)  

 
a. Lock.  Lock and Dam No. 4 has a main and an uncompleted auxiliary lock 

(Plate 2-1).  The upper and lower miter gates of the main lock have a height of 

20.0 feet and 23.0 feet, respectively.  The respective sill elevations are 650.0 

feet and 647.0 feet (1912 adjustment).  Therefore the top of the miter gates is 

elevation 670.0 feet.  A steel splash guard was welded on to the top of the 

miter gates essentially increasing their heights by two feet (i.e. 22.0 ft and 25.0 

ft), thereby putting the top of the miter gates at same elevation as the lock 

walls (672.0 feet).  A walkway is located atop the miter gates such that it is the 

same elevation as the lock walls.  While the main lock is fully functional, the 
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auxiliary lock consists of only an upper gate bay.  The miter gates on the 

auxiliary lock are 20 feet high with a sill elevation of 650.0 feet.  The gates of 

the auxiliary lock have no machinery and therefore are inoperable.  However, 

should an upper miter gate in the main lock become damaged, a miter gate 

from the auxiliary lock can be pulled to serve as a replacement.  This operation 

requires assistance from Rock Island District because they have the necessary 

equipment and expertise. 

 

The main lock is 110 feet wide with a clear length of 600 feet.  The filling and 

emptying of the lock chamber is controlled by tainter valves; two at the 

upstream (upper) end of the lock and two at the downstream (lower) end.  

During the filling or emptying process, the miter gates are closed thus sealing 

the lock chamber.  For a filling operation, the upper tainter valves are opened 

allowing flow to enter the culverts (Plate 2-2, Section A-A).  Flow then enters 

the lock chamber through ports along the lock wall (Section X-X) and the 

water level in the lock chamber rises until it equals the pool elevation.  The 

upper tainter valves are then closed and the lower tainter valves are opened 

thus emptying the lock chamber.  Under normal conditions, filling and 

emptying times are about seven minutes. 

 

Periodically, the lock chamber is flushed of sediment and debris.  This is 

accomplished at the end of an emptying cycle.  The upper miter gates and 

lower tainter valves are in the closed position, the lower miter gates are 

opened in the recessed position, and the upper tainter valves are operated to 

provide the flushing action.   

 

Guidewalls are located upstream and downstream of the lock to provide a 

landing for down bound and up bound tows (Plate 2-1).  The upper guide wall 

extends 521 feet upstream of the lock and the lower guide wall extends 504 

feet downstream of the lock.  It was proposed to extend the upper guidewall in 

1977; however, it was not deemed economically feasible. 
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b. Moveable Dam.  The moveable dam section extends from the auxiliary lock 

to the right bank of the main channel (see Plate 2-1).  The moveable dam 

consists of six roller gates, 60-feet wide by 20-feet high, and 22 tainter gates, 

35-feet wide by 15-feet high (Figure 2-2).  The sill elevation of the roller 

gates is 647.0 feet (1912 adjustment), while the tainter gates sill elevation is 

652.0 feet.  The end sill elevations for the roller and tainter gates are both 

650.0 feet.  The roller gates can be submerged up to three feet below normal 

pool (elevation 667.0 feet).  Four of the 22 tainter gates can be submerged up 

to two feet below normal pool.     

 

 
 

Figure 2-3.  Roller Gate Position Indicator 
 

Each roller gate is equipped with an individual electrically operated hoist 

enclosed in an operating house located on the pier.  The roller gates are driven 

from one end only.  The travel rate of the gate is approximately 0.75 feet per 

minute.  A position indicator, marked in increments of 0.1 feet, is attached to 

the hoist mechanism.  There are six bulkheads stored on site, measuring 4 feet-

2 inches by 62 feet-6 inches.  The sill elevation is 647.0 feet; therefore, with 

five bulkheads in place, the top elevation would be 667.83 feet (i.e. 667 feet-

10 inches). 
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some unraveling of the derrick stone.  In 1984, riprap protection was extended 

upstream and downstream in the form of capstone and rockfill.  Plates 2-3 

and 2-4 shows four transects of the added protection.  The following gives a 

description of the riprap protection near the roller gates, tainter gates, lock, 

auxiliary lock, and storage yard. 

 

(1) Roller Gates.  Downstream protection originally consisted of derrick 

stone, 4-feet thick with a top of rock elevation of 650.0 feet (1912 

adjustment).  The derrick stone extended 25 feet downstream of the end 

sill.  Upstream protection consisted of a 12-foot wide, 3-foot thick section 

of derrick stone with a top elevation of 647.0 feet.  The scour holes that 

formed upstream and downstream of the derrick stone were filled in 1984.  

The upstream scour protection consisted of a horizontal capstone section 

42-inches thick, underlain by a rockfill section a minimum of 30-inches 

thick.  The capstone extended approximately 55 feet downstream of the 

end sill and 45 feet upstream of the dam.  The horizontal capstone was 

placed to the same elevation as the original derrick stone upstream 

(elevation 647.0 feet) and downstream (elevation 650.0 feet). 

   

(2) Tainter Gates.  Downstream protection originally consisted of derrick 

stone 4-feet thick with a top of rock elevation of 650.0 feet (1912 

adjustment).  Depending on its location, it extended 25 or 40 feet 

downstream of the end sill.  Upstream, the derrick stone section was 12-

feet wide and 3-feet thick with a top of rock elevation of 652.0 feet.  The 

scour holes upstream and downstream of the tainter gates were filled in 

1984.  The upstream scour protection consisted of a horizontal capstone 

section 42-inches thick, underlain by a rockfill section a minimum of 30-

inches thick.  The capstone extended approximately 55 feet downstream of 

the end sill and 40 feet upstream from the dam.  The horizontal capstone 

was placed to the same elevation as the original derrick stone upstream 

(elevation 652.0 feet) and downstream (elevation 650.0 feet). 
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(3) Lock and Guidewalls.  The original downstream protection for the locks 

and downstream guidewall consisted of a combination of rock filled cribs 

and derrick stone.  A 20-foot wide by 400-foot long section of riprap filled 

cribs was placed on the riverward side of the intermediate lock wall.  A 12-

foot wide section of derrick stone protection was provided from the 

downstream end of the concrete paving on the auxiliary lock, downstream 

along the riverward side of the intermediate lock wall riverward of the 

timber cribs, along the concrete apron on the downstream side of the 

landward lock, and 100 feet downstream along the lower guidewall.  The 

derrick stone section was 3-feet thick with a top of rock elevation of 644.0 

feet (1912 adjustment) downstream of the auxiliary lock and along the 

timber cribs adjacent to the intermediate lock wall and to elevation 645.0 

feet along the downstream apron of the landward lock and along the lower 

guidewall.  In 1982-83, additional scour protection was placed along the 

lock apron between the landward and intermediate lock wall as well as 

along the entire length of the lower guidewall, except for an 80-foot long 

reach.  Scour protection for the lock apron consisted of a 30-inch thick 

layer of riprap underlain by 12-inches of bedding with a top of rock 

elevation the same as the apron.  Scour protection extended horizontally 

for a distance of 20 feet after which it sloped down to meet the channel at a 

slope of 1V:2H and 1V:3H for the guidewall and apron, respectively. 

 

The original protection upstream of the locks consisted of derrick stone 

placed at two locations.  Three hundred cubic yards was placed in a 

circular pattern at the upstream end of the riverward wall of the auxiliary 

lock.  Four hundred cubic yards was placed in a circular pattern at the 

upstream end of the intermediate wall between the two locks.  In 1982-83, 

additional scour protection was placed along the entire length of the upper 

guidewall as well as upstream of the upper lock sill.  Filling and shaping of 

the channel bed were required to provide a suitable base for the scour 

protection.  Along the upper guidewall, scour protection consisted of a 30-
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inch riprap section with a maximum top of rock elevation of 652.0 feet, 

which extended horizontally for a distance of 20 feet out from the wall.  At 

that point the riprap sloped at 1V:2H until it intersected the channel bed.  

The riprap was underlain by a 12-inch bedding layer.  The scour protection 

upstream of the upper sill is similar to the upper guidewall protection 

except that from the end of the horizontal section it sloped down at 1V:3H 

to meet the channel bed. 

 

(4) Storage Yard.  Original scour protection downstream of the storage yard 

consisted of 12-inch thick riprap placed on a 1V:5.5H slope down to 

elevation 655.0 feet (1912 adjustment).  Upstream scour protection 

consisted of 12-inch thick riprap place on a 1V:3H slope down to elevation 

655.0 feet. 

 

d. Earthen Dam.  An earthen dam, 5,496 feet in length, extends from the end of 

the moveable dam section to high ground on the Minnesota side of the river 

(Plate 2-1).  The dam has a crest elevation of 677.0 feet (1912 adjustment), a 

top width of 20 feet, and a maximum height of 29 feet (Plate 2-2).  The pool 

side slope is 1V:3H and the tailwater slope is 1V:5.5H.  The side slopes are 

protected by 12-inch riprap.  Protection on the pool-side extends to the dam 

crest, whereas protection on the tailwater slope extends to two feet above the 

lower project pool elevation (i.e. 660.0 + 2.0 = 662.0 ft).   

 

Below the dam there are five lakes known as the Finger Lakes.  Individually 

they are named, Clear Lake, Lower Peterson Lake, 3rd Lake, 2nd Lake, and 1st 

Lake (see Plate 2-11).  Culverts were installed through the dam to provide 

flow to the lakes.  Clear Lake and 3rd Lake have 36-inch reinforced concrete 

pipes (RCP) controlled by sluice gates.  Lower Lake Peterson has a gated 48-

inch corrugated metal pipe (CMP), also controlled by a sluice gate.  A single 

48-inch RCP provides inflow to 2nd and 1st Lake.  At the downstream end of 

the culvert is a junction box from which two 48-inch RCP’s branch off, one 



Water Control Manual, Lock and Dam No. 4 
Updated November 2002 

2-9 

going to 1st Lake and the other to 2nd Lake.  The main culvert is controlled by 

a sluice gate at the inlet and the two branch pipes are controlled by sluice gates 

located within the junction box. 
 

2-04. Related Control Facilities.  There are no related control facilities to Lock and 

Dam No. 4. 

 

2-05. Real Estate Acquisition.  In the area between Lock and Dam No. 4 and the 

Chippewa River, the Corps of Engineers acquired flowage easements to elevation 

670.0 feet (1912 adjustment), 3 feet above project pool, and holds title to 6,605 

acres of land and water area for the Lock and Dam No. 4 project.  

 

2-06. Public Facilities. Lock and Dam No. 4 has two observation platforms available 

for public use.  One platform is located along the middle of the lock chamber and 

the other is near the upstream end of the lock chamber.  One of the platforms is 

handicap accessible.  In addition to the public facilities located at the dam, there 

are numerous other facilities including parks and marinas located throughout the 

pool (Table 2-1). 
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III – HISTORY OF PROJECT 
 

3-01. Authorization.  The Lock and Dam No. 4 project was authorized on 3 July 1930 

when the 71st Congress, second session, passed an act that modified the existing 

Mississippi River six-foot channel project in accordance with the plan for a 

comprehensive project to procure a channel of nine-foot depth, submitted in 

House Document No. 290.  The nine-foot channel was to be achieved by 

construction of a system of locks and dams, supplemented by dredging. 

 
3-02. Planning and Design.  The lock and dam system is necessary to provide a nine-

foot channel during low to moderate flows.  The dam is operated to accommodate 

river flow conditions.  In normal operation, all gates are partially open to allow 

water through.  As the river flow increases or decreases, the gate openings are 

increased or decreased accordingly.  If there were no flow in the pool, the pool 

would be level throughout its entire length.  This is the “project pool” level that 

ensures a nine-foot channel depth.  When there is flow, there is a slope to the 

water surface.  The upstream end of the pool rises with the discharge while the 

downstream end of the pool falls as the discharge through the dam increases, 

resulting in a drawdown at the dam.  Drawdown at the dam is such that the water 

surface will be maintained at project pool elevation at a predetermined point, 

upstream of the dam, known as the “primary control point”.  Its location is near 

the point of intersection of the “project pool” (flat pool level) and the “ordinary 

high water” profile.  The ordinary high water mark can be considered “the point 

up to which the presence and action of the water is so continuous as to destroy the 

value of the land for agricultural purposes by preventing the growth of vegetation, 

constituting what may be termed any ordinary agricultural crop”.  The 

government of the United States holds an easement to use the riparian lands up to 

the ordinary high water, in the public interest.  Therefore, land inundated by the 

lock and dam above the ordinary high water profile was purchased in fee.  This 

land lies between the primary control point and the dam.  The primary control 

point for Lock and Dam No. 4 was located at river mile 760.5 at Wabasha, 

Minnesota.   
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Because of the poor channel conditions between the Chippewa River mouth and 

the site of Lock and Dam No. 4, it was given the highest priority and was 

scheduled as the first lock and dam to be completed.  The location of the lock and 

dam was unique in that it was situated below Lake Pepin, which has a total length 

of about 22 miles and offers considerable storage.  The Chippewa River enters 

from the left bank of the Mississippi River about 2 miles below Lake Pepin and 

10 miles above the project site (Plate 2-9 and 10).  It carries large quantities of 

sand into the river, which initially provided the impoundment for Lake Pepin.  

This made for poor channel conditions below its mouth and the project site.  The 

possibility of diverting the Chippewa River into Lake Pepin was investigated but 

was eliminated in favor of allowing the dam to cause water to back up the 

Chippewa River, resulting in deposition of sediment in the Chippewa Valley 

during low water, thereby reducing the need for dredging in the navigation 

channel.  The original design of the dam provided for four roller gates 100-feet 

wide by 20-feet high for ice passage.  The number and dimensions of the roller 

gates were later altered to the current six roller gates 60-feet wide by 20-feet high.  

The dam also includes twenty-two tainter gates 35-feet wide by 15-feet high.   

 

The project pool elevation of 667.0 feet (1912 adjustment) is maintained at the 

primary control point (Wabasha) until discharge at the dam is sufficient to allow 

for a drawdown at the dam.  A maximum drawdown of 4.0 feet, or elevation 

663.0 feet, was established in 1941.  It was soon discovered that it was very 

difficult to maintain a four-foot drawdown; therefore, in 1943 it was reduced to 

2.5 feet.  In an effort to maintain more stable water surface elevations in the lower 

pool, drawdown was further reduced to 1.5 feet in 1960.  Finally, with the 

elimination of over-dredging in 1970, maximum drawdown was established at 0.5 

feet (elevation 666.5 ft) in 1971.  Therefore, as discharges increase, the gates are 

raised to maintain project pool at the primary control point.  As discharge 

continues to increase, maximum drawdown is finally achieved.  As discharge 

continues to increase, maximum drawdown is maintained until eventually all the 
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gates are raised above the water surface and open river conditions exist.  When 

this condition occurs, the dam is said to be “out of control”. 

 

The total number of gates required at each site is based on the allowable 

swellhead at extreme high water.  The project design flood for Lock and Dam No. 

4 was the flood of 1880.  The design high water was elevation 673.3 feet with a 

flow rate of 175,000 cfs.  Swellhead for all locks and dams above Rock Island 

was limited to less than one foot.  This limitation required that the available 

floodway area be utilized to the greatest possible degree.  As a consequence gate 

sills were set to the lowest possible elevation.  The double locks occupy a large 

portion of the main channel but still allowed for six roller gates and 22 tainter 

gates.  The total spillway area of the movable dam was sufficient to negate the 

necessity for an additional spillway in the earthen dike as was necessary for many 

of the other locks and dams.   

 

Below the dam there are five lakes known as the Finger Lakes.  Individually they 

are named, Clear Lake, Lower Peterson Lake, 3rd Lake, 2nd Lake, and 1st Lake 

(see Plate 2-11).  A corrugated metal culvert was installed within the earthen dam 

in 1967 to provide flow to Lower Peterson Lake.  At project pool elevation 667.0 

feet, a continuous flow of 100 cfs was maintained until 1994.  In 1994, a slide 

gate was added to the culvert inlet to regulate discharge.  Culvert discharge is set 

to 5 cfs in the winter and 40 cfs in the summer.  Also installed in 1994 were three 

additional gated reinforced concrete pipe (RCP) culverts within the earthen dike 

to provide aeration and further improve habitat conditions in the remainder of the 

Finger Lakes.  A single inlet culvert services 1st and 2nd Lake.  Attached to the 

single culvert is a junction box from which two pipes branch off, one going to 1st 

Lake and the other to 2nd Lake.  The junction box has two slide gate controls.  

Because the pipe is not allowed to be pressurized within the dike, one outlet is 

required to be fully opened, while the inlet slide gate controls inflow to the 

junction box.  Table 3-1 provides a summary of the culvert size, type, and flow 

regulation for the Finger Lakes culverts. 
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b. 1948 Modification.  The nine-foot channel depth was only important during 

the navigation season.  Therefore, the pool could be drawn down over the 

winter months whenever it was considered necessary.  By the 19 June 1948 

amendment to the act of Congress dated 10 March 1934, entitled “An act to 

promote the conservation of wildlife, fish and game, and for other purposes”, 

drawdown of the pool was prevented.  The amendment states the “…dam 

structures shall generally operate and maintain pool levels as though 

navigation was carried on throughout the year.” 

 

c. 1960 Modification.  To reduce the adverse effects of the draw down at the 

dam on navigation, riverfront property, and conservation interests, the 

maximum allowable draw down was reduced to 1.5 feet (elevation 665.5 feet).  

This drawdown elevation remained in effect until 1971. 

 

d. 1967 Modification.  A 48-inch corrugated metal culvert was installed through 

the earth dike to improve water quality conditions in Lower Lake Peterson.  

At project pool (elevation 667.0 feet) a continuous flow of 100 cfs was 

maintained through the culvert.   

 

e. 1971 Modifications.  In an attempt to reduce the frequency of dredging, the 

channel was often over dredged.  This practice stopped in 1970.  Therefore, 

drawdown at the dam was reduced from 1.5 feet to 1.0 foot, or elevation 630.0 

feet (1912 adjustment).  This remains today as the secondary control 

elevation. 

 

The discharge through the dam was reevaluated in 1971.  This resulted in a 

slight change in the discharge per foot of opening on the roller and tainter 

gates.  Therefore, there was a need to revise the Gate Regulation Schedule.  

Included in this revision was a redistribution of flow across the dam.  The 

previous Gate Regulation Schedule had a more even flow distribution across 

the dam; however, to achieve that, the recommended tainter gate settings 
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hugged the maximum allowable outflow velocity (4.5 feet per second).  The 

new Gate Regulation Schedule, distributed flow across the dam based on a 

more equal distribution of outflow velocities.  This schedule remained in 

effect until 1984.  

 

f. 1984 Modification.  In 1981 the Waterways Experiment Station began a 

study of the scour protection upstream and downstream of the Mississippi 

River dams and published their results in Scour Protection for Locks and 

Dams 2-10, Upper Mississippi River, Technical Report HL-87-4, April 1987.  

Since 1952, hydrographic surveys indicated that scour had occurred upstream 

and downstream of the dam.  The purpose of the study was to develop a riprap 

design that would stabilize the existing conditions.  Based on the preliminary 

results of the study, additional riprap protection was placed upstream and 

downstream of the dam in 1984.  The riprap was designed to remain stable for 

the following condition; full open or half open single gate with normal pool 

and minimum tailwater.  Before placement of the riprap, the maximum 

allowable gate openings were based on a flow velocity of 4.5 feet per second; 

however, for emergency purposes, it was permissible for flow velocities to go 

as high as 6.0 feet per second.  Because of the additional channel stability, the 

maximum outflow velocity for routine gate movements was raised to 6.0 feet 

per second.  Therefore, a new Gate Regulation Schedule was developed 

showing the new maximum allowable gate openings.  This schedule remained 

in effect until 2002, when minor modifications were made. 

 

g. 1990 Modification.  The motors that operate the lock miter gates were raised 

in 1990.  Before this, the motors were pulled when the pool reached elevation 

669.5 feet and the lock was closed to navigation.  Since the motors were 

raised, the lock does not go out of operation until the pool is within half a foot 

of the top of the lock wall or elevation 671.5 feet (1912 adjustment). 
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h. 1994 Modification.  A slide gate was added to the 48-inch diameter 

corrugated metal culvert that provides flow to Lower Peterson Lake.  Site 

personnel control the slide gate.  Gate settings provided by the US Fish and 

Wildlife Service (USFWS) are such that winter flow is 5 cfs and summer flow 

is 40 cfs.  The sluice gates on the remaining culverts servicing the Finger 

Lakes are controlled by the USFWS.  Culvert specifications and flow 

regulation are provided in Table 3-1. 

 

i. 1995 Modification.  Historically, winter regulation allowed a tolerance of 

plus or minus 0.3-foot at the primary control point.  The added tolerance was 

for the purpose of providing for delays in gate operations due to ice.  The 

Water Level Management Task Force, which is a subcommittee of the River 

Resource Forum, requested that Water Control operate on the high side of the 

band during winter regulation on a trial basis.  Therefore, during the winter 

months, the primary control point at Wabasha was maintained between 

elevation 667.0 and 667.3 feet.  The purpose being to keep as much volume of 

water as possible in the backwater areas to avoid or delay dissolved oxygen 

depletion.  The trial continued until the year 2000, at which time the 

committee made an official request to Water Control to adopt this change in 

operation.  Since then it has been incorporated as a routine part of the 

operating plan. 

 

j. 2002 Modification.  Changes in the Operating Curves and a check of Roller 

Gate and Tainter Gate end sill velocities necessitated minor modifications to 

the existing Gate Regulation Schedule.  The new Gate Regulation Schedule is 

presented in Table 7-2.  

 

3-06. Principal Regulation Problems.  Besides an outdraft problem for down bound 

tows at flows greater than 60,000 cfs, there are no principal regulation problems 

at Lock and Dam 4.  However, the infestation of zebra mussels has had a minor 

impact on lock operations, which could develop into significant problems for 
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IV – WATERSHED CHARACTERISTICS 
 

4-01. General Characteristics.  The drainage area of Pool No. 4 totals 57,100 square 

miles in Minnesota and Wisconsin.  Except for several small rivers and creeks, 

the only major tributary that flows into Pool No. 4 is the Chippewa River with a 

total drainage area of 9,480 square miles.  The Chippewa River enters the pool 

from the Wisconsin side of the Mississippi River about 2 miles downstream of 

Lake Pepin and 10 miles upstream of the dam.  At project pool elevation of 667.0 

feet (1912 adjustment), the pool has an area of 38,820 acres 

 
4-02. Topography.  The Master Water Control Manual for the Locks and Dams 

contains a description of the topography for the Upper Mississippi River basin.  

Tributaries to Pool No. 4 include the Cannon River, Isabelle River, Rush River, 

Chippewa River, Buffalo River and several small creeks.  Of these, the only major 

tributary to Pool No. 4 is the Chippewa River.  The Chippewa River has a total 

drainage area of 9,480 square miles, of which 6,630 square miles is upstream of 

Eau Claire, Wisconsin.  The basin includes all or part of 19 counties in Wisconsin 

and Upper Michigan.  The Chippewa River rises in the northern Wisconsin lake 

region, which includes a small part of Upper Michigan.  It flows generally to the 

southwest across Northwestern Wisconsin to its confluence with the Mississippi 

River at the lower end of Lake Pepin, near Mississippi river mile 763.  The largest 

tributary to the Chippewa River is the Eau Claire River, which joins the Chippewa 

River at Eau Claire and drains an area of about 880 square miles.  Other important 

tributaries are the Eau Galle, Red Cedar, Yellow, Jump, and Flambeau Rivers. 

Basin topography in the upper reaches is typified by gently rolling low hills with 

numerous potholes, lakes, marshes, and swamps.  Runoff is very low in this area. 

In the lower reaches of the basin, the country is more hilly and consists of coulees 

and uplands, some of which rise to a height of 200 to 400 feet above the 

floodplain.  There is rapid runoff from the upland areas.  The overall slope of the 

Chippewa River is 4 to 5 feet per mile and is controlled by a resistant crystalline 

bedrock surface.  The flattest slopes are in the uppermost and lowermost reaches 

of the basin.  In the uppermost reaches, including the Flambeau-Manitowash 
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on the  water surface and induces a surface current in the general direction of the 

wind.  The horizontal currents induced by the wind essentially cause water to 

“pile up” on the downwind side, resulting in a water level rise downwind and a 

water level drop upwind.  The change in water level is due to “wind setup”.  The 

rise in water can be estimated by (EM 1110-2-1414): 

 
    Where,  S = Wind Setup (ft) 

 S = (U2 F)/(1400 D)    U = Wind Speed (mph) 
       F = Fetch Length (miles) 
       D = Average Depth over Fetch (ft) 

 

The above equation neglects the time required for the full wind setup to occur.  

The stronger the wind, the more time required.  While it is recognized that the 

relationship is not linear, a rule of thumb has been developed that seems to work 

quite well for the lock and dam pools.  For each ten miles per hour of wind speed, 

figure the change in the pool level to be 0.1 feet.  Therefore, a northern wind at 20 

mph would cause a 0.2 feet rise in the water surface at the dam, and conversely, a 

southern wind of 10 mph would result in a lowering of the water surface at the 

dam by 0.1 feet. 

 

4-05. Storms and Floods.  While an isolated storm over the Chippewa River basin can 

have a significant impact on water levels in Pool No.4 during low to moderate 

flows, it is high inflows from upstream that typically produce flooding of the 

pool.  After construction of the Lock and Dam in 1935, the first significant flood 

event did not occur until the spring of 1951.  On the 17th of April, the Mississippi 

River at Wabasha crested at 4.4 feet above flood stage with a gage height of 16.4 

feet (elevation 674.4 ft -1912 adjustment).  This stage was exceeded the following 

year.  On the 20th of April 1952, the Wabasha gage peaked at 16.71 feet (elevation 

676.71 ft).  Estimated discharge was 187,000 cfs.  This remained the flood of 

record until 1965.  Table 4-5 gives a summary of peak elevations and discharges 

followed by a brief description of some of the larger events. 
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Mississippi River crested at a stage of 20.7 feet at Red Wing on the 18th of 

April.  This was 6.7 feet above flood stage and was nearly four feet higher 

than the peak stage of 1952.  The flood crested at Lock and Dam No. 4 on the 

19th of April with a pool elevation of 676.45 feet and a flow of 269,000 cfs.  

On the recession, the pool returned to secondary control (in 1965 secondary 

control elevation was 665.5 ft) on the 26th of May, and the movable dam was 

returned to operation.  The lock was closed to navigation for 26 days between 

the 10th of April and the 6th of May. 

 

b. April 1997.  The magnitude of the snow-water content on the ground 

indicated a high potential for flooding along the Upper Mississippi River.  On 

the 13th of March, the National Weather Service outlook predicted a stage of 

17.0 feet at Red Wing, Minnesota.  On the 12th of April, Red Wing crested at 

17.18 feet (elevation 682.33 – 1912 adjustment).  The pool at the dam crested 

on the 11th of April at elevation 673.15 feet.  Peak discharge was 

approximately 200,000 cfs.  The motors that operate the lock miter gates were 

relocated to higher elevation in 1990 and therefore did not require removal; 

however, the lock closes to navigation when the pool elevation is within half a 

foot of the top of the miter gates or elevation 669.5 feet.  Because of this, the 

lock was closed to navigation for 17 days from the 6th to the 23rd of April. 

 

c. April 2001.  The National Weather Service’s 2001 Spring Snowmelt Flood 

Outlook predicted minor to moderate flooding for Pool No. 4.  This forecast 

was primarily due to the significant autumn precipitation the year before and 

the heavy winter snowfall.  A less than ideal snowmelt followed by record 

breaking April precipitation resulted in producing the second highest flood 

stages in Pool No. 4.  In the morning of 16 April, the stage at Wabasha, 

Minnesota peaked at 18.22 feet.  On the 17th of April, the pool at Lock and 

Dam No. 4 peaked at elevation 674.95 feet (1912 adjustment) with a discharge 

of 239,600 cfs.  The pool reached the lock closure elevation of 669.5 feet on 

the 11th of April and did not fall below elevation 669.5 feet until the 9th of 
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V - DATA COLLECTION AND COMMUNICATION NETWORKS 
 
5-01. Hydrometeorological Stations. 

a. Facilities.  The regulation and proper operation of the dam site requires the 

collection and evaluation of several hydraulic and hydrologic parameters.  The 

Corps of Engineers (COE), US Geological Survey (USGS), and the National 

Weather Service (NWS) are involved in the data collection network.  There 

are numerous gage facilities associated with Lock and Dam No. 4.  About 7.5 

miles upstream of Lock No. 4 is the Pool No. 4 primary control point gage 

house (Figure 5-1).  It is located just upstream of the Highway 25 bridge 

crossing the Mississippi River at Wabasha, Minnesota.  An additional pool 

gage is located in Lake City, along the western shore of Lake Pepin (Figure 

5-2).  Both sites have stilling wells equipped with Sutron Data Recorders and 

transmit hourly water surface elevation/stage to Water Control.  The Lake 

City gage also transmits hourly wind speed and direction as well as 

precipitation.  

 

 
 Figure 5-1.  Wabasha Gage 

 
     Figure 5-2.  Lake City Gage    
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There are actually two water surface gages at the Lake City gage site.  A 

stilling well is located down the center of the pipe and attached to the side (see 

photo) is a pipe carrying the line for the Design Analysis H-310 pressure 

transducer.  Both gages monitor water surface information.  However, during 

the winter months, the float in the stilling well is raised clear of the water and 

the well is allowed to freeze, leaving only the pressure transducer sensing 

water surface data. 

 

The main tributary to the pool is the Chippewa River, which enters the 

Mississippi River just downstream of Lake Pepin, about 10.5 miles upstream 

of the lock and dam.  A gage is located 17.6 miles upstream of the confluence 

at Durand, Wisconsin (Figure 5-3).  The site is equipped with a Campbell 

Data Recorder and transmits hourly stage and precipitation data to Water 

Control.  Exhibit B contains the USGS rating table.   

 

 
    Figure 5-3.  Durand Gage 

 
 Figure 5-4.  Pool Gage 
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The COE operates and maintains the pool and tailwater gages at the lock.  The 

tailwater gage house is located on the lower guide wall about 500 feet from the 

lock chamber while the upper gage house is located in the esplanade near the 

upstream end of the upper guide wall (Figure 5-4).  Each gage house has a well 

with a float and tape system that reports elevation to the Stevens PAV-C Recorder 

(Figure 5-5) located in the Central Control Station.  Staff gages are mounted 

inside the gage houses and serve as backup or are used for verification of the tape 

in the well.  The locations of these gage sites are shown on Plate 5-1.   

 

 
Figure 5-5.  Stevens PAV-C Strip Chart Recorders 

 

A water temperature sensor, reading in degrees Fahrenheit, is located in the 

upper ladder recess.  A standard eight-inch precipitation gage is located north 

of the Central Control Station in the esplanade about halfway up the upper 

guide wall (Figure 5-6).  The site is equipped with a measuring rod for snow 

depth and a snow tube and scale for determining snow-water content.  An 

anemometer is located on the roof of Roller Gate Pier No. 2.  The NWS has a 

Fisher-Porter automatic weighing, punched tape, binary decimal recording 

gage installed at the site next to the COE precipitation gage.  Data types and 

equipment are listed in Table 5-1. 
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b. Reporting.  Data are reported in four-hour, eight-hour, 24-hour (daily), and 

weekly increments.  Log sheets begin with the 0400-hour readings.  Data 

collected between 0600 and 0630-hours are recorded as 0800-hour readings.  

Four-hour data includes water surface elevations on the Mississippi River at 

the pool, tailwater, and Alma.  Pool and tailwater elevations are read in the 

control house and are recorded on a Stevens PAV-C strip chart.  The strip 

charts are mailed to Water Control at least once a year where they are then 

periodically micro filmed.  While Alma is the control point for Pool No. 5, its 

close proximity to Lock and Dam No. 4 makes it necessary to record for local 

information.  Alma does not have a voice modem and therefore the elevation 

is obtained from the Water Control web site.  Also included in the four-hour 

incremental data are gate settings and discharge.  Discharges are automatically 

computed based on gate settings or the tailwater rating curve.   

 

Eight-hour incremental data begin at 0800-hours.  Again, data collected 

between 0600 and 0630-hours are reported as 0800-hours.  Data include water 

surface elevations at Wabasha, Lake City, and stage and discharge for the 

Chippewa River at Durand.  Wabasha and Lake City elevations are obtained 

by calling the voice modems at the gage sites, as is the stage at Durand.  The 

discharge at Durand is obtained from the latest USGS rating table. Other 

eight-hour incremental data include wind speed, wind direction, and air 

temperature.   

 

Daily data reported include precipitation, water temperature, and maximum 

and minimum air temperature.  Precipitation and water temperature are 

collected between 0600 and 0630-hours and are reported as 0800-hour 

readings.  Max and min air temperatures are taken at 1900-hours but are 

recorded as 2400-hour readings.   

 

Weekly incremental data are collected during the winter months.  They 

include percent of ice coverage over the lower pool and upper tailwater, ice 
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thickness of the pool and tailwater, snow depth, and snow-water content (all 

measurements are in inches).  These are recorded on Sundays.  The snow-

water content is determined by instructions contained in the National Weather 

Service Observing Handbook No. 2. 

 

c. Maintenance.  The equipment for all the stream gages (i.e. pool, tailwater, 

Lake City, Wabasha, and Durand) is the property of the Corps of Engineers; 

however, the US Geological Survey maintains the Durand gage under a 

cooperative agreement.  The Water Control Gage Crew is responsible for all 

other gages.  They also provide emergency backup for the Durand gage.  Dam 

personnel maintain the Stevens PAV-C strip chart recorders with the Gage 

Crew used as a backup if necessary.  The anemometer, water temperature 

sensor, and standard precipitation gage are maintained by site personnel; 

however, should the precipitation gage become damaged, Water Control 

would mail a new one to the site.  The Fischer-Porter precipitation gage is 

owned and maintained by the National Weather Service.  Repair of the snow 

survey equipment is the responsibility of the Water Control Gage Crew. 

 

5-02. Water Quality Stations.  There are no water quality stations in Pool No. 4; 

however, site personnel may be asked, on occasion, to assist district office 

personnel or contractors to collect water samples and/or water quality 

measurements in the project area. 

 

5-03. Sediment Stations.  Discrete sediment samples were taken at the Chippewa River 

at Durand gage between 1964 and 1994.  There has been no sampling in Pool No. 

4; however, routine dredging of sediment is part of the nine-foot navigation plan.  

There are several sites in Pool No. 4 that require periodic dredging due to 

sedimentation.  Dredging is the responsibility of the St. Paul District’s Fountain 

City Boat Yard located at Fountain City, Wisconsin.  As soon as the ice leaves the 

river, hydrographic surveys are made to get an early indication of channel 

conditions.  After spring high water, surveys of the historic problem spots are 
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electronically in November 1998.  Water Control maintains electronic files of 

hourly stage/elevation data for the gages located at Lake City, Wabasha, and 

Durand beginning 1 December 1997.  Electronic files for hourly cumulative 

precipitation, water temperature, and wind speed and direction at Lake City begin 

in May 2000.  Hourly cumulative precipitation at Durand begins in 1997.  Note 

that the tipping buckets (i.e. rain gages) are covered during the winter months.  

All daily and hourly data received by Water Control from the dam site is 

compiled and archived using Hydraulic Engineering Center’s Data Storage 

System (HEC-DSS) and is accessible from the Water Control web site.  The US 

Geological Survey (USGS) is responsible for maintaining a discharge record for 

Durand.  The data are archived in the USGS WATSTORE database in Reston, 

Virginia and are available from the annual publications of the USGS Water-Data 

Report, Water Resources Data, Wisconsin.  The daily record of max-min 

temperature, precipitation, weather characteristics, river stages and general 

remarks are recorded on National Weather Service (NWS) Form B-91.  This form 

is mailed at the end of each month, along with the punched tape from the Fischer-

Porter gage, to the NWS in La Crosse, Wisconsin. 

 

5-05. Communication Network.  The communication network consists of computer 

terminal, T1 line, telephone, pager, facsimile, FM radio, voice modem, satellite, 

and the US Postal Service.  Computer communication is done via e-mail, and 

“sig-na-term” which allows remote access to the Water Control network.  When 

the computer is down, the transfer of data is by facsimile, telephone, and/or FM 

radio.  During non-duty hours on weekends and holidays, dam personnel can 

contact the river regulator by calling the pager number (612-660-8053).  The gage 

sites at Lake City, Wabasha, and Durand, send stage/elevation data hourly via 

satellite to Water Control.  In addition, the Lake City and Durand gages send 

hourly cumulative precipitation.  This information is made available to the dam 

site from the Water Control web site; www.mvp-wc.usace.army.mil.  All four 

gages have voice modem and can be contacted by telephone for immediate stage 

information.  A T1 line ensures communication between Water Control and the 
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Mississippi River Valley Division Office (MVD) in Vicksburg, Mississippi.  Bulk 

items like Stevens PAV-C strip charts are delivered to Water Control through the 

postal service. 

 

5-06. Communication with Project. 

a. Regulating Office with Project Office.  Dam site personnel input and 

transmit their data, via computer, to Water Control every day by 0630-hours.  

Water Control issues orders to Lock and Dam No. 4 every morning at 

approximately 0800-hours during the navigation season and around 0730-

hours during the non-navigation season.  Orders are typically delivered via e-

mail; however, FM radio is available as backup, with the telephone serving as 

backup to the radio.  Should the dam site have computer problems, such that 

the transfer of data is not possible, a facsimile is then sent to Water Control 

(651-290-5841).  The Water Control river manager then enters the 

information into the Regulation Program and Information Management (IM) 

is notified of the computer problem.  Communication with the project after 

orders are delivered is typically by telephone. 

 

b. Between Project Office and Others.  The general public has access to river 

level and discharge data by calling Water Control’s “Corps of Engineers River 

Information Service” at 651-290-5861.  This service provides a recording of 

daily stages and discharges along the Mississippi River.  In addition, the 

Water Control web site at www.mvp-wc.usace.army.mil also provides river 

information to the general public.  From here the public can access current 

water surface elevations and discharges for the Mississippi River as well as 

the daily log sheets for the locks and dams.  Notifications of severe weather or 

impending unusual conditions are handled through local law enforcement, 

civil defense authorities, and the National Weather Service. 

 

5-07. Project Reporting Instructions.  The project staff reports hydrologic and 

climatic conditions to Water Control every morning.  The lock operator may 
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make gate changes required to remain within the pool band issued by Water 

Control provided it is less than 10 percent of the total flow.  If the pool goes out 

of the band after 0400-hours, no gate changes are to be made by project staff until 

Water Control issues its morning orders.  Gate changes to aid work efforts (e.g. 

painting of gates) are to be coordinated with Water Control.  Problems with 

machinery that operate the gates are to be reported to Water Control Section and 

Construction-Operations Division. 

 

5-08. Warnings.  In the event the lock operator makes a gate change to remain within 

the pool band issued by Water Control, Lock No. 4 personnel should notify Lock 

No. 5 of the cut or opening that was made.  In the event of a gate failure, 

communications must be established as quickly as possible with the Water 

Control Section and the Construction-Operations Division.  The installation of 

any bulkheads must be coordinated with Water Control.   
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VI – HYDROLOGIC FORECASTS 
 
6-01. General.  During periods of low flow, the gates at the dam are regulated to pass 

inflow under pooled conditions, while during high flow they are raised free of the 

water surface and except for a slight swellhead due to the effect of the piers, the 

dam offers little obstruction to the flow.  The storage capacity created by the dam 

is relatively small as compared with the volume of flow and inasmuch as the dam 

is out of operation at high discharges, the use the dam to control floods is not 

possible.  The lock goes out of operation at elevation 671.5 feet (1912 adjustment) 

at which time water is within half a foot of the top of the lock walls.  The timing 

and elevation of a flood crest is important for planning sand bagging operations 

and forecasting when the lock will go out of operation.  In addition, the timing on 

the receding limb of the hydrograph aids in determining when the lock will go 

back into service.  In 1997, the St. Paul District developed an unsteady-flow model 

of the Mississippi River.  The Mississippi Basin Model System utilizes the 

computer program UNET for forecasting purposes. 

 

a. Role of the Corps.  The St. Paul District previously relied solely on the 

National Weather Service (NWS) for Mississippi River forecasts, which 

forecasts for designated sites along the Mississippi River.  The NWS forecasts 

include Alma, Wisconsin, Lake City, Minnesota, and Wabasha, Minnesota.  

The NWS forecast typically is a five-day forecast with a projected crest height 

and date.  The District saw a need for a model to forecast not only the time and 

elevation of the crest at the dam, but also the receding limb for forecasting 

when the lock may go back into operation.  In 1997, the District developed the 

Mississippi Basin Model System (MBMS) that utilizes the unsteady flow 

program UNET.  The river regulator in Water Control runs the MBMS model 

every morning.  For the flood events of 1997 and 2001, the model provided 

excellent predictions of when the crest would occur and when the lock would 

be placed back into operation.  This was of great use to planning sand bagging 

efforts, work scheduling, and keeping the towing industry abreast of the 

flooding situation. 
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b. Roles of Other Agencies.  The National Weather Service (NWS) 

electronically provides the District forecasted flow hydrographs of the major 

tributaries to the Mississippi River by 0830-hours daily.  Water Control inputs 

these hydrographs into the Mississippi Basin River System model and makes a 

run.  The results are then electronically transferred to the NWS River Forecast 

Center in Chanhassen, Minnesota by 0930-hours.  The NWS uses the UNET 

results and the results from their Mississippi River forecast model to provide 

stage forecasts at various points along the Mississippi River, including Lake 

City, Wabasha, and Alma.  

 

6-02. Flood Condition Forecasts.  Since 1997, St. Paul District has been using the 

Mississippi Basin Modeling System (MBMS) to forecast flood conditions at Lock 

and Dam No.4.  The system utilizes UNET, which is an unsteady flow computer 

program.  UNET was modified to simulate navigation dams according to 

operating rules.  While the program allows the operating rules to vary according to 

the season, it does not account for gate operation.  Therefore, model results are 

limited while the dam is in a regulated condition.  Flow and stage data are 

required to provide the boundary conditions that drive the model.  Observed stages 

are updated daily.  The model is dependent upon forecasted tributary inflow.  The 

National Weather Service electronically mails the five-day forecasted stage 

hydrographs for the major tributaries to Water Control by 0830-hours daily.  The 

hydrographs typically include the 24-hour quantitative precipitation forecast 

(QPF).  Water Control extrapolates the tributary stage hydrographs to 30-days.  

Forecasts beyond five to seven days are very approximate due to unknowns such 

as additional rainfall.  Because of these uncertainties, the 30-day forecast is only 

available to Corps of Engineers staff and the NWS.  The MBMS model is run in 

Water Control every day between the hours of 0830 and 0930.  The seven day 

model projection is available to the public and can be obtained from the Water 

Control web site; www.mvp-wc.usace.army.mil.  
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Modeling efforts as part of the Corps of Engineers Water Management System 

(CWMS) began 2001.  CWMS will provide models for the District’s reservoirs 

and the locks and dams.  When the Mississippi River portion of CWMS becomes 

deployed and operational, the functionality of the MBMS model will be replaced.  

Rather than using UNET, CWMS will use a HEC-RAS unsteady flow model.  The 

sharing of data with the NWS will remain unchanged. 

 

6-03. Long-Range Forecasts.  The Mississippi Basin Modeling System (MBMS) is 

used for making long-range forecasts.  It is run everyday at about 0930-hours.  

The model forecasts elevation and discharge for the locks and dams and control 

points 30-days out.  However, as previously noted, the five-day tributary inflow 

provided by the National Weather Service only includes the 24-hour quantitative 

precipitation forecast (QPF).  Therefore, judgment is required when looking at 

long-range forecasts. 

 

6-04. Drought Forecast.  The lock and dam system operates as “run of the river”.  That 

is what ever flow enters the pool is passed on.  Therefore, during low flow 

periods, the project pool elevation is maintained.  This pool elevation is 

maintained provided there is sufficient inflow to meet withdrawal needs and pool 

evaporation.  There is no drought forecasting model other than the Mississippi 

Basin Modeling System previously discussed.   
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VII  - WATER CONTROL PLAN 
 

7-01. General Objectives.  The general objective of the water control plan is to 

maintain a minimum depth of nine feet along the navigation channel of Pool No. 

4, without inducing higher stages during flood events.  Project pool elevation for 

Lock and Dam No. 4 is 667.0 ± 0.2 feet (1912 adjustment).  The control point for 

this elevation was established near the intersection of the ordinary high water line 

and the project pool elevation.  For Pool No. 4, the “primary control point” is 

located just upstream of the Highway 25 bridge crossing the Mississippi River at 

Wabasha, Minnesota (see Figure 5-1).  Maintaining project pool elevation at this 

location during periods of low flows ensures a minimum channel depth of nine 

feet, supplemented by periodic channel dredging.   

 

The dam has minor localized impacts during flood events.  The required spillway 

area at the dam was designed such that when all the gates are out of the water, the 

swellhead produced by the piers is less than one foot.  Long before flood stage is 

reached, all the gates are raised above the water surface so that natural open river 

conditions exist during the flood period.  
 

7-02. Constraints.   

a. Pool Levels.  For low discharges, the pool is maintained at elevation 667.0 ± 

0.2 feet (1912 adjustment) at the primary control point at Wabasha, 

Minnesota.  This is “project pool” or “normal pool” for Lock and Dam No. 4 

and was mandated by the 79th Congress (1st Session, House Document No. 

137, 9 December 1931).  As discharges increase, there is a “drawdown” in the 

water surface elevation at the dam.  The drawdown elevation is based on 

necessary navigation depths upstream of the dam.  Drawdown at the dam was 

first established at 4.0 feet below project pool level.  It was soon learned 

however that this drawdown impacted navigation and it was reduced to 2.5 

feet in 1943.  Then in 1960 it was further reduced to 1.5 feet in an effort to 

maintain a more stable pool elevation.  Following the end over dredging 
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procedures in 1970, drawdown was finally reduced to 0.5 feet in 1971.  

Therefore, drawdown at the dam is constrained to elevation 666.5 ± 0.2 feet.  

  

b. Maximum Outflow Velocity.  Downstream scour protection limits outflow 

velocities from the roller and tainter gates.  The design plan set maximum 

outflow velocities at 4.5 feet per second for standard operating procedures 

with an allowance to go to 6.0 feet per second for an emergency situation.  In 

the 1984, additional riprap was placed upstream and downstream of the dam.  

Since this time, routine maximum gate openings have been computed based 

on a maximum outflow velocity of 6.0 feet per second.  However, the design 

velocity of 6.0 feet per second may be exceeded for short periods of time (15 

to 20 minutes) during emergency operations (e.g. barge incident, passing of 

debris). 

 

c. Open River Conditions.  The dam is “out of control” when the gates are 

raised clear of the water surface and “open river conditions” exist.  This 

typically happens when the differential head is less than one foot and the 

discharge is around 89,000 cfs.  When gates are put back in the water, the total 

gate openings are 78 feet on roller gates and 176 feet on tainter gates. 

 

d. Closure of the Lock to Navigation.  Prior to 1990, the lock would close to 

navigation when high water dictated the removal of the miter gate motors.  

This occurred when the upper pool reached elevation 669.5 feet (1912 

adjustment).  As part of the major rehabilitation work in 1990, the motors 

were raised, allowing the lock to remain open in higher water.   Technically 

the lock could remain open to navigation provided water was not spilling over 

the upper miter gates or the lock wall.  Since the top of the miter gates is the 

same as the lock wall, this elevation would be 672.0 feet.  While this is the 

physical constraint, closure of the lock has been established at elevation 671.5 

feet due to wave action over the miter gates.  The Coast Guard may close the 

river to navigation before this elevation is achieved. 
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roller gates or tainter gates are being closed.  Any mixing of roller gate and 

tainter gate closures would require coordination with Water Control. 

 
Table 7-2 

Maximum Number of Gates Allowed to be Closed 
 

           No. of Roller          No. of Tainter  
    Flow (cfs)      Gates Closed      Flow (cfs)   Gates Closed 
Below     56,000   6      Below       21,000    22 
45,000 – 63,000   5      21,000  –  24,000    21 
52,000 – 71,000   4      24,000  –  26,000    20 
59,000 – 78,000   3      26,000  –  28,000    19 
66,000 – 87,000   2      28,000  –  31,000    18 
87,000 – 98,000   1      31,000  –  34,000    17 
Above    98,000   0      34,000  –  37,000    16 
               37,000  –  40,000    15 
               40,000  –  43,000    14 
               43,000  –  47,000    13 
               47,000  –  50,000    12 
               50,000  –  54,000    11 
               54,000  –  59,000    10 
               59,000  –  63,000      9 
               63,000  –  67,000      8 
               67,000  –  71,000      7 
               71,000  –  75,000      6 
               75,000  –  80,000      5 
               80,000  –  84,000      4 
               84,000  –  89,000      3 
               89,000  –  94,000      2 
               94,000 – 102,000      1 
               Above    102,000      0 
 

7-03. Overall Plan for Water Control.  

a. General Plan.  The navigation channel of Pool No. 4 is 300 feet wide along 

the straight reaches of the river and varies from 300 feet to 550 feet in the 

bends.  The primary purpose of Lock and Dam No. 4, combined with periodic 

dredging, is to maintain a minimum depth of nine feet throughout the 

navigation channel without inducing higher stages during flood events.  

During flows of less than 15,000 cfs, the pool is fairly flat.  To meet depth 

requirements in the upper pool requires the pool elevation at Wabasha, 

Minnesota to be at elevation 667.0 feet (1912 adjustment).  Therefore, 
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Discharge ratings for the gates were originally developed based on laboratory 

tests on a hydraulic model.  A Gate Regulation Schedule was developed based 

on gate discharge, maximum outflow velocity of 4.5 feet per second, and an 

effort to equally distribute flow across the dam.  In 1971, the US Geological 

Survey measured outflows in the prototype.  This resulted in a new 

relationship in the per foot discharge for the roller and tainter gates.  The 

analysis also showed a slight change in the tailwater rating.  These changes 

were presented in a new Gate Regulation Schedule (revised November 1971).  

Included with the change in per foot discharge, was a reevaluation of the flow 

distribution across the dam.  Flow was now to be distributed based on 

balancing outflow velocities.  This schedule remained unchanged until 1984 

when riprap was placed upstream and downstream of the dam.  Based on this, 

the maximum outflow velocity was raised to 6.0 feet per second and hence the 

maximum gate openings were changed on the Gate Regulation Schedule to 

reflect this. 

 

As part of the current updates to this manual, the Operating Curves (Plate 7-1) 

were updated using recent data.  The data indicated a slight shift in the pool 

rating curve at lower flows and the tailwater rating curve at higher flows.  

This required the Gate Regulation Schedule to be checked and updated where 

necessary to provide the correct distribution of flow based on equalizing the 

outflow velocities.  For example, consider a flow of 46,000 cfs and a 

respective head across the dam of 4.0 feet with a tailwater elevation of 662.5 

feet.  The discharge per foot opening for roller and tainter gates are 851 cfs 

and 563 cfs, respectively.  By setting the roller gates at a total opening of 17.0 

feet (17 x 851 = 14,470 cfs) and the tainter gates at 56 feet (56 x 563 = 31,530 

cfs) gives a total discharge of 46,000 cfs.  Outflow velocities are calculated 

based on Q=VA, where Q is the discharge in cfs, V is the flow velocity in fps, 

and A is the flow area in sq ft.  Q is the discharge through one gate.  Area is 

the gate width, plus one pier width, times the depth of flow over the end sill.  

Roller gates are 60-feet long with a pier width of 15 feet.  Tainter gates are 
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35-feet long with a pier width of 7 feet.  The end sill elevation for both the 

roller and tainter gates is 650.0 feet.  Therefore, the flow velocities are; 

 
Roller Gate   
Q = VA    
(17 ft/6 roller gates) 851 cfs = V (60 ft + 15 ft) (662.5 ft – 650.0 ft) 
V = 2.57 ft/sec 
 
Tainter Gate 
Q = VA 
(56 ft/22 tainter gates) 563 cfs = V (35 ft + 7 ft) (662.5 ft – 650.0 ft) 
V = 2.73 ft/sec 
 
To complete the update of the Gate Regulation Schedule the maximum 

allowable gate openings were checked and updated where necessary.  

Maximum allowable gate openings are based on flow velocity at the end sill 

downstream of the gates.  Again, let’s consider a discharge of 46,000 cfs and a 

differential head of 4.0 feet with a tailwater elevation of 662.5 feet.  Based on 

Q = VA, where Q is the discharge per foot, times the maximum allowable gate 

opening, V is the maximum allowable flow velocity of 6.0 feet per second, 

and A is the flow area over the end sill for one gate, the following maximum 

allowable gate openings were determined. 

 
Roller Gate  
Q = VA              
851 cfs (max gate opening in ft) = 6.0 fps (60 ft + 15 ft) (662.5 ft – 650.0 ft) 
Max Gate Opening = 6.6 ft        

 
Tainter Gate  
Q = VA 
563 cfs (max gate opening in ft) = 6.0 fps (35 ft + 7 ft) (662.5 ft – 650.0 ft) 
Max Gate Opening = 5.6 ft 

 

Table 7-4 shows the new Gate Regulation Schedule. 
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c. Regulation Procedure.  Each morning at 0645-hours, the Water Control 

manager prints the Regulation Sheets containing all the input from the lock 

and dam sites.  Regulation for Lock and Dam No. 4 begins at Lock and Dam 

No. 4.  That is, gate changes at Lock and Dam No. 3 do not generally 

influence action needed at Dam No. 4, due to the large amount of storage 

provided by Lake Pepin.  While this true, inflow to pool is still calculated as 

part of the regulation procedure.  Inflow consists of outflow from Lock and 

Dam No. 3, inflow from the Chippewa River, and any miscellaneous inflow.  

Inflow from Lock and Dam 3 is computed as part of the daily regulation.  

Inflow from the Chippewa River will appear on the Regulation Sheet from 

input by site personnel (see Standing Instructions to Lockmaster).  During the 

winter months, the Chippewa River is subject to ice jams, which gives 

erroneous data at the Durand gage.  During this time period, the combined 

outflows from hydroelectric power dams at Cedar Falls, Menomonie, and 

Wissota, Wisconsin are used for daily regulation.  This information is 

remotely entered by Northern States Power and appears on the regulation 

sheets.  Miscellaneous inflow will vary seasonally but for simplicity it is 

assumed to be a constant 600 cfs.  This may be modified if precipitation has 

occurred in the last 24-hours.  As a general rule, for each inch of rainfall that 

has fallen in the past 24-hours, an additional 600 cfs is added to the 

miscellaneous inflow.  Inflow is totaled and the 24-hour change is noted.  

Also noted is the change in outflow and any gate changes made in the past 24-

hours.  Next the rate of fall or rise of the pool is calculated.  This is done at the 

dam, the control point, and at Lake City.  Note the changes.  Allow for wind at 

the dam.  That is, adjust the pool elevation, up or down, 0.1 foot per 10 mph 

of wind (see Section 4-04).  Determine if the pool is in primary or secondary 

control.  Estimate the needed change in discharge to maintain the proper pool 

band.  To aid in this assessment, it has been determined that a change in 

outflow of 2,000 cfs over a 24-hr period of time will result in about a one 

tenth of a foot change in the overall pool elevation.  This value was computed 

based on the effective project pool area of 38,820 acres.  Once the needed 
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change in discharge is determined, the Gate Regulation Schedule is used to 

distribute flow and hence set gate changes.  The gate change information is e-

mailed to the lock site and the St. Paul District’s intranet at approximately 

0800-hours each day.   

 

The “orders” are typically one of four types; (1) no change, (2) no change at 

present, (3) open a given amount of flow, or (4) cut a given amount of flow.  

A “no change at present” order is followed by an “if statement”.  For example, 

“if the pool falls to elevation 666.8 feet, cut 2 feet on roller gates”.  All “open” 

and “cut” orders include the anticipated gate change impact on flow.  All four 

types of orders are followed by a “pool band” to be maintained at the dam.  

For example, “hold 667.0 ± 0.2 feet”.  As a final note, the orders may also 

include “allow for wind on the high side” or “allow for wind on the low side”, 

if appropriate.  Sometimes it is necessary to check back with the lock site in 

the afternoon.  If this were the case, the site would be informed, via the 

morning’s orders, that Water Control will be contacting them at a given time 

(typically 1400-hours).  At that time, site personnel would provide present and 

noon pool and tailwater elevations, and present wind conditions.  Water 

Control would then provide any gate change verbally over the telephone or via 

e-mail.  The following is a sample of the regulation of Lock and Dam No. 4.  

The portion printed in black represents the daily regulation sheet while that 

printed in blue represents regulation notes. 
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Regulation of Lock and Dam No. 4 for 23 September 2001 
 
Orders to LD 3:  Open 1 ft RG. Increase 1,500 to 12,200 cfs. 
Note:  Roller Gates at LD 3 were opened 1 ft between midnight 
and 0400-hours. 
 
              6-RG  22-TG  [primary = 667.00 

gates in/out:  78/176 @ 89,000    Total  Total   for flow<20,000] 
      | sec: |        Roller  Tainter          CP-4 
LOCK 4    |666.50|  Tail   Flow  Gate  Gate   Lake City Wabasha 
    ------------------------------------------    TM4     TM4 
22SEP01  0800 666.99  660.39  14300  5.0   10.0   667.35  667.18 
    1200 666.99  660.39  14300  5.0   10.0 
    1600 667.01  660.38  14300  5.0   10.0   667.31  667.13 
     2000 666.96  660.41  14200  5.0   10.0 
    2400 667.03  660.40  14300  5.0   10.0   667.48  667.22 
23SEP01  0400 667.08  660.44  15500  6.0   10.0 ←⎯ Opened 1 ft 
    0630 667.10  660.46  15500  6.0   10.0    667.43  667.31 
      up 0.11     up 1200          up 0.08  up 0.13 
           Durand:  Stage  Flow 
phone  HEAD  6.6    TM4  1.25   3045  Cedar Falls 1150 
##027  Q/foot  1190/696     1.29   3116  Menomonie  1200 
    temp.     52      1.57   3609  Wissota  + 1550 
    precip.  1.10         Average  (from NSP) ----- 
    wind (dir&speed) 360 @ 9      3257       3900 
    INFLOW: 
      L/D 3 -   12200      Orders: 
     Chippewa  3300      Open 3 ft on TG 
     2000 CFS -        Inc. Flow 2,000 to 17,500 cfs 
     Misc. -     600      Hold 666.90 ± 0.2 ft, AFW HS 
          ------       
         16100+700=16,800       

  up 2,700 
 

 
The following steps walk through the regulation procedure for this particular 
day.  This is intended only as an example.  

 
Step 1.  Determine inflow to Pool 4. 

      a.  LD 3 orders were to open up 1,500 cfs to 12,200 cfs. 
           The Chippewa River is at 3,300 cfs. 
           Miscellaneous inflow is 600 cfs. 
           Rainfall was 1.10 inches, so add 700 cfs to inflow. 
      b.  Total Inflow = 16,800 cfs (up 2,700 cfs from yesterday). 
   Step 2.  Note change in outflow.   

a.  Up 1,200 cfs due to gate change between 2400 and 0400-hrs. 
   Step 3.  Note change in pool elevations. 

a.  Pool is up 0.11 ft at the dam. 
Pool is up 0.13 ft at Wabasha. 
Pool is up 0.08 ft at Lake City. 

b. Wind is 9 mph out of the North. 
Therefore, about 0.1 ft of increase at dam is due to wind. 

   Step 4.  Primary or Secondary Control? 
      a.  Flow is less than 20,000 cfs; therefore, Primary Control. 
      b.  For Primary Control, maintain Wabasha at 667.00 ± 0.2 ft. 
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   Step 5.  Estimate needed change in discharge. 
a. Inflow is up 2,700 cfs from yesterday, minus the gate opening 
      (1,200 cfs), suggests the need to increase outflow by 1,500 cfs. 
b. Because of the large storage volume of Pool No. 4, we tend to 

disregard gate changes at LD 3 and base our opinion on 
      what the needed action is to adjust the pool level. 
c.  After allowing for wind, the pool gage is fairly steady. 

       However, Wabasha and Lake City are up about 0.1 ft. 
       Wabasha went up 0.1 ft even after the gate opening. 

Wabasha is out of the band by 0.1 ft. 
Therefore, we need to reduce pool elevation by about 0.1 ft.   

d.   Pool elevation will decrease 0.1 feet per 2,000 cfs in 24-hr. 
Therefore, we need to increase outflow approximately 2,000 cfs, 
for a total outflow of 17,500 cfs 

    Step 6.  Set gate change. 
a. The Gate Regulation Schedule shows ideal gate settings for 
     18,000 cfs to be 5.0 ft on RG and 18 ft on TG. 

       b.  We are presently at 6.0 ft on RG and 10 ft on TG. 
Therefore, the entire gate opening will be on the Tainter Gates. 

c.  A one-foot opening on TG’s will increase outflow about 700 cfs. 
 Therefore, 
  “Open 3.0 ft on TG.  Increases flow 2,000 to 17,500.” 

    Step 7.  Set the pool band. 
a. The pool is a little high (i.e. target at Wabasha is 667.00 ft) and 

the pool elevation at the dam is impacted by wind.   
b.  Also, we want an opening if the pool goes up; 
     Therefore, 

         “Hold elevation 666.90 ± 0.2 feet.” 
         “Allow for wind on the high side.” 
 

d.  Winter Regulation.  Each year in early winter, the tainter gates are set at 

predetermined heights and are allowed to freeze in place.  In late November, 

Water Control makes an estimate of the anticipated minimum base flow for 

the winter months.  The estimate is based on the average flow from 1 October 

through 15 November and the minimum winter flow rate curve.  The curve 

was developed using historic discharge information for the gage site at 

Winona, Minnesota.  “Average October Flow” and “Average November 

Flow” were plotted against the “Minimum Winter Flow”.  Curves were drawn 

through the lowest data points.  A composite curve was then developed.  By 

entering the average flow for the period 1 October through 15 November, the 

anticipated minimum base flow can be selected from the curve.  To determine 
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what to set the tainter gates at, we must first consider the roller gates.  

Because we are using the minimum base flow rate, we must consider 

minimum submerged roller gate settings.  Roller gates can be submerged from 

0.5 feet to 3.0 feet.  Discharges for these and other gate settings are shown in 

Table 7-5.   Roller gates are typically not submerged less than one foot due to 

ice interference.  Therefore, the total discharge for all roller gates at one-foot 

submergence is deducted from the estimated minimum base flow.  Tainter 

gate settings are then determined for the remainder of the flow.  While four of 

the tainter gates can be submerged to 2.0 feet below project pool elevation, 

they are operated only in the raised position because of their low discharge 

capacity.  The recommended tainter gate settings are sent to the Lockmaster 

for evaluation.  The Lockmaster assesses the Water Control recommendations 

and makes the final decision on tainter gate settings before freeze up.  Before 

ice begins to form on the pool, the roller gates are placed in a submerged 

position.  Adjusting roller gates in the submerged position makes the needed 

changes in discharge.  When the roller gates are at an extreme setting and 

additional change in outflow is needed, a tainter gate, or tainter gates, must be 

freed up.  Usually considerable time is spent steaming and chopping before an 

ice bound tainter gate becomes moveable. 

 

Throughout the winter, the tainter valves in the lock walls on the upstream are 

kept open four feet each and the downstream ones are just cracked open.  The 

purpose is to maintain flow through the lock chamber to prevent the formation 

of ice. 

 

During the winter, on the weekends and holidays, the shifts are limited to one 

person at the dam site.  Two people are required to make a gate change.  The 

first shift starts at 0800-hours.  Therefore, Water Control makes an effort to get 

orders out by 0730-hours to prevent the third shift from hanging around on 

overtime, waiting to see if there is a gate change.  Due to the limited staff at the 

site and the difficulty in moving the submerged roller gates, the tolerance for 





Water Control Manual, Lock and Dam No. 4 
Updated November 2002 

7-18 

temperatures, and stage and discharge for the Chippewa River at Durand.  Log 

sheets with this data are maintained at the site.  Pool, tailwater, and Alma 

elevations, along with gate settings, are given in 4-hour intervals beginning with 

the previous days 0400-hour records.  Pool and tailwater elevations are read 

within the control house.  The elevation at Alma is obtained from Water Control 

web site (i.e. Real Time DCP readings).  Discharges are calculated internally on 

4-hour intervals based on pool and tailwater elevations or the tailwater rating 

curve when the gates are out of the water.  Elevations for Lake City and Wabasha, 

stage and discharge on the Chippewa River at Durand, air temperature, and wind 

speed and direction are input on 8-hour intervals beginning at 0800-hours.  The 

stage at Durand is obtained by calling the voice modem at the gage site.  

Discharge is obtained from the latest US Geological Survey rating table (Exhibit 

B).  Precipitation and water temperature are input daily beginning at 0800-hours.  

Maximum and minimum air temperatures are measured at 1900-hours and input 

as 2400-hour readings.  All of the morning’s data are collected between 0600 and 

0630-hours and are entered as 0800-hour readings.  Data collected during the 

winter months includes percent of pool and tailwater ice coverage, ice thickness 

in the pool and tailwater, snow depth, and snow-water equivalent.  These data are 

collected every Sunday.  

  

At 0645-hours everyday, the Water Control regulator analyzes the field data and 

at around 0800-hours, the daily orders for gate movements are sent to the site via 

e-mail.  On weekends and holidays during the winter operations, orders are sent 

by 0730-hours due to limited staffing at the dam site.  Gate changes are then made 

as soon as possible.  If Water Control has notified the site that they will contact 

them again later in the afternoon, site personnel will have the noon and present, 

pool and tailwater elevations, as well as any other pertinent information (e.g. wind 

speed and direction) available at that time. 

 

Normal duty hours for Water Control are 0630 to 1500-hours during the week, 

and 0630 to 0930-hours on weekends and holidays.  During the course of non-
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Under full head conditions at the dam, the force is too great to allow the 

installation of the bulkheads.  Therefore, the operating head must be reduced.  

Water Control will coordinate gate movements with site personnel in preparation 

for installation and removal of the bulkheads. 

  

While not part of the lock and dam operation, site personnel are also responsible 

for operation the aeration culvert to Lower Peterson Lake.  Gate settings 

prescribed by the US Fish and Wildlife Services (USFWS) are such that winter 

flows are set at 5 cfs and summer flows are set at 40 cfs.  All other culverts 

through the dike are regulated by the USFWS. 

 

7-05.  Flood Control. Lock and Dam No. 4 has no flood control benefits.  It is operated 

strictly for navigation.  While it may seem possible that the pools be drawdown 

over the winter months to provide storage for spring runoff, this plan has no merit 

for two reasons.  First, the Anti-Drawdown Act of 1934 as amended in 1948, 

prevents any drawdown of the pools.  Secondly, the storage volume that would be 

made available in the pool is insignificant in comparison to the flood flow 

volume.  The pool would be filled in a matter of hours and would have no impact 

on the peak flood stage. 
 

7-06. Recreation.  The major recreation features for Lock and Dam No. 4 are fishing, 

hunting, and boating.  Construction of the lock and dam inundated the numerous 

wing dams that were constructed as part of the six-foot channel project.  The wing 

dams as well as some of the backwater areas provide excellent fish and waterfowl 

habitat.  As for recreational boating, there were over 12,000 recreation boat 

lockages in the year 2000.  Table 7-7 shows a comparison of recreational to 

towboat lockages.   
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Culvert specifications and flow regulation are provided in Table 3-1.  The flow 

from these culverts aids fish habitat by aerating the water in the Finger Lakes.  

The culverts provide minimum dissolved oxygen levels of 5 mg/l to the Finger 

Lakes on a year-round basis, leading to increased use of the area by fish.  The 

total project, constructed as part of the Upper Mississippi River Environmental 

Management Program (EMP), has improved fish habitat conditions in 

approximately 113 acres of backwater habitat.    

 

Because the lock and dam was constructed for the purpose of navigation, the pool 

would sometimes be drawn down in non-navigation season.  The 1934 Anti-

Drawdown Act, as amended in 1948, prevented any winter drawdown of the pool.  

The pool is to be regulated the same as during navigation season.  A higher stage 

in the backwater areas reduces the oxygen depletion.  Because of this, Water 

Control typically operates on the high side of the band during the winter months. 

 

7-09. Water Supply.  The cities of Red Wing, Lake City, and Wabasha Minnesota and 

the village of Pepin, Wisconsin obtain their water from wells.  Pool No. 4 does 

not provide water supply. 

 

7-10. Hydroelectric Power.  There is no hydroelectric power at Lock and Dam No. 4. 

 

7-11. Navigation.  The primary purpose of Lock and Dam No. 4 is to provide 

navigation.  The lock is 110 feet wide and 600 feet long.  Barges are typically 35 

feet wide and 195 feet long.  Towboats are of similar size.  There are many ways 

in which the barges and towboat may be configured.  Tows oriented such that the 

overall length exceeds the lock chamber require a double lockage.  The maximum 

number of barges allowed in a double lockage is 17.  This orientation, while rare, 

consists of five rows of three barges with two empty “hip” barges straddled along 

the side of the towboat.  The first nine barges enter the lock chamber and are 

broken free of the remainder.  The tow haulage unit moves these through the lock 

and they are then tied to the guidewall.  The towboat with the remaining eight 
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barges passes through the lock and is rejoined with the nine other barges.  Filling 

and emptying time for the lock under normal conditions is seven minutes.  

Lockage time for a double lockage depends on the experience of the deck hands 

breaking and making couplings, number of loaded and empty barges, wind speed 

and direction, flow conditions, and whether it is an up bound or down bound tow.  

A down bound tow will take longer due to outdraft conditions at the dam.  On 

average, a double lockage takes about 1.5 to 2 hours.   

 

7-12. Emergency Action Plans.  The Emergency Action Plan is a stand-alone 

document entitled Emergency Plan for Lock and Dam 4, Alma, Wisconsin, July 

1985.  The plan addresses emergencies related to above normal reservoir water 

levels and/or rapid release of large volumes of water past the dam.  It covers 

identification of impending or existing emergencies and notification of other 

parties concerning impending or existing emergencies, and emergency operations 

and repairs.  Potential causes of an emergency affecting the operation or safety of 

Lock and Dam No. 4 include excess seepage, sabotage, mechanical and/or 

electrical system failure, extreme storm, and failure of the earthen dike.  

 

There are several protective measures taken at Lock and Dam No. 4 when a flood 

occurs.  When the tailwater level is forecasted to go above elevation 666.5 feet 

(1912 adjustment) plugs are installed in the miter gate curtain walls and the gage 

house lights are removed.  As the pool rises other actions are required.  The 

following gives a brief summary of the steps to be taken as water levels go higher. 
 

Table 7-8 
Flood Emergency Actions at the Dam 

Pool     
Elevation      Action Taken 

668.0 feet  Begin earth dike patrol.   
671.5 feet Lock goes out of operation.  Lower miter gates are opened. 

Remove tainter valve motors and limit switches if forecast 
elevation is above 674.0 ft.   

673.0 feet  Miter gate handrails are removed. 
674.0 feet Remove tainter gate motors and limit switches  
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7-13 Other.  During a flood event, debris is passed beneath the gates as they are 

typically raised clear of the water.  During ice breakup, ice is passed over the 

submerged roller gates. 

   

7-14 Deviation from Normal Regulation.  Project pool elevation is mandated by 

congress.  While in primary control, the pool is to be maintained at elevation 

667.0 ± 0.2 feet at the primary control point (Wabasha) as best as possible.  

During low flows, the pool is not to be intentionally raised above or lowered 

below this elevation; however, temporary deviations are permitted.  Because these 

deviations are unplanned and are only temporary, while actions are being taken to 

correct the situation, these exceptions do not require notification of the Division 

Office.  The Division Office (MVD) must be notified when deviation outside the 

limits set by primary and secondary control is intentional and for a prolonged 

period of time.  A written request describing cause and effect will be sent to the 

Division Water Control Manager for approval.  The District Commander or Chief 

of Engineering Division may deviate from the approved plan in an emergency 

situation.  The District will inform MVD as soon as possible.  This will include a 

written confirmation of the deviation and description of the cause. 

 

7-15 Rate of Release Change.  The only guideline for rate of release change is the 

“ten percent rule” (Section 7-04).  During Water Control’s non-duty hours, lock 

and dam personnel may only make a gate change to remain within the band such 

that it does not exceed ten percent of the total flow.  There are no other guidelines 

for rate of release change.  Operation of the dam is basically run-of-the-river.  

Therefore, rate of release change is typically nature driven. 
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VIII – EFFECT OF WATER CONTROL PLAN 
 

8-01. General.  The effect of the water control plan for Lock and Dam No. 4 is to 

maintain a nine-foot depth in the navigation channel of Pool No. 4.  Lock and 

Dam No. 4 is just one piece of the lock and dam system that provides navigation 

from St. Louis, Missouri to Minneapolis, Minnesota.  Navigation on the Upper 

Mississippi River progressed from a four-foot deep channel in 1866, to a four and 

one-half foot channel in 1878, to a six-foot channel in 1907, and finally, to a nine-

foot channel in the 1930’s.  A more complete description of this development is 

available in the Master Water Control Manual for the Locks and Dams. 

 

8-02. Flood Control.  The locks and dams provide no flood control benefits.  They 

were constructed strictly for navigation purposes.  The dam operates on a run-of- 

the-river principal.  As discharge increases, the gates are opened.  At around 

89,000 cfs the gates are raised clear of the water surface.  Therefore, for flood 

events, the only impact on the flow line is the swellhead at the dam, which is less 

than one foot.   

 

8-03. Recreation.  The project is not regulated for recreation purposes; however, it does 

provide recreational benefits.  The three recreation qualities associated with Pool 

No. 4 are fishing, hunting, and boating.  Project pool inundated the wing dams, 

constructed as part of the six-foot navigation project, and created backwater areas, 

which provide good fish and waterfowl habitat.  While Lock and Dam No. 4 

provides the necessary depths for the towing industry, it also is a benefit to 

recreational boating.  The more stable water surface provides a more suitable 

environment for docks and marinas.  There were over 12,000 recreation boat 

lockages in the year 2000.   

 

8-04. Fish and Wildlife.  Part of the Upper Mississippi River Wildlife and Fish Refuge 

is located in Pool No. 4.  The Refuge was established in 1924 to preserve the 

Upper Mississippi River for fish, migratory birds, other wildlife and people.  The 

Refuge includes acreage acquired by the US Fish and Wildlife Service and land 
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acquired during the 1930’s by the US Army Corps of Engineers for the 

construction of the nine-foot navigation channel.  Today, the refuge consists of 

about 200,000 acres of wooded islands, forest, prairie, marsh, and water extending 

261 miles southward from Wabasha, Minnesota to just above Rock Island, 

Illinois.  The refuge still remains relatively untouched by modern civilization. 

 

8-05. Navigation.  The Upper Mississippi River Nine-Foot Channel Project originated 

in the 1920’s when it was promoted as a way to alleviate the Nation’s worsening 

farm crisis.  It was also aimed at allaying the inequities in commercial rail and 

water freight rates.  The project was authorized by the Rivers and Harbors Act of 

1930, with most of the locks and dams, including Lock No. 4, being constructed 

in the 1930’s.  The project was not without its controversy.  For example, 

railroads claiming damage to their right-of-ways and conservationists fearing its 

effects on the environment.  Ultimately, the economic benefits overrode all other 

concerns.  After completion of the project, river traffic increased from 2,400,000 

tons in 1939 to 68,400,000 in 1976.  Table 8-1 shows the recent history of 

tonnage commodities at Lock and Dam No. 4.  For more historical information 

concerning the Nine-Foot Channel Project, see the Master Water Control Manual 

for the Locks and Dams. 

 

8-06. Frequencies.  The Corps of Engineers developed a discharge-frequency 

relationship in 2002 for the Mississippi River at the confluence with the 

Chippewa River.  The Chippewa River confluence is just downstream of Lake 

Pepin and is about ten miles upstream of Lock and Dam No. 4.  The frequency 

curve displayed in Figure 8-1 represents peak flow relationships near the 

confluence of the Chippewa River at Mississippi River mile 763.5.  The 

frequency curve is derived from regionalized statistics for the mean and standard 

deviation, based on the drainage area relationships of the Mississippi River at the 

mouth of the Chippewa River. 
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Figure 8-1 
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Construction of the dam was completed in June 1935.  By March 1936, project 

pool elevation was achieved.  The following shows a history of the pool elevation.  

The high elevations represent flood events and the lows represent drawdown at 

the dam (typically secondary control).  When in secondary control, the pool 

elevation at the dam was originally allowed to be drawn down 4.0-feet below 

project pool level to elevation 663.0 feet (1912 adjustment).  This was reduced to 

2.5 feet in 1943, then 1.5 feet in 1960, and finally by 1971, drawdown of the pool 

had been reduced to one half a foot, thus making the secondary control elevation 

666.5 feet.  Prior to the Anti-Drawdown Law, passed by Congress in 1948, the 

pools were sometimes drawn down below primary and secondary elevations 

during the winter months.  The greatest drawdown occurred in January 1944 

when the pool was draw down to elevation 659.68 feet. 

 
Figure 8-2.  History of Pool Elevations 
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Water surface profile frequencies were developed in 1979 for Pool No. 4.  The 

following figure shows how these profiles compare with historic floods.  Note 

that the flood of 2001 was not documented at the time of this report. 
 

Figure 8-3. Water Surface Profiles  
Flood Frequencies and Historic Floods 
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IX – WATER CONTROL MANAGEMENT 
 
9-01. Responsibilities and Organization.   

a. Corps of Engineers.  The Corps of Engineers is the owner, operator, and 

regulator for Lock and Dam No. 4.  The St. Paul District, Water Control 

Section has direct day-to-day responsibility for gate adjustments at the dam.  

Construction and Operations Division is responsible for operation and 

maintenance of the lock and the dam.  The following shows the working 

relationship for the locks and dams within the St. Paul District. 

 
        St. Paul District Office 

  ←  ←  ← District Engineer  →  →  → 
        ↓              ↓ 
    Chief Engineering Division     Chief Con-Ops Division 

↓              ↓ 
     Chief H&H Branch      Chief Lock & Dam Project Office 

↓              ↓ 
      Chief Water Control Section      Area Lockmaster 

↓ ↓   
Water Control Manager →   →   →   →   →  Lockmaster 
 

              
b. Other Federal Agencies.  During high water, the National Weather Service 

(NWS) forecasts stage heights for the control point at Wabasha, Minnesota 

and the gage at Lake City, Minnesota.  Water Control Section provides the 

NWS with the daily output from the Mississippi Basin Modeling System to 

aid them in making their forecast.  The US Geological Survey (USGS) 

maintains the gage site at Durand, Wisconsin (gage # 05369500).  Daily 

discharge values are printed annually in the USGS Water Resources Data – 

Wisconsin report.  Daily discharge values can also be obtained by linking to 

their web site from Water Control’s web site www.mvp-wc.usace.army.mil.  

The US Fish and Wildlife Service (USFWS) maintains the Mississippi River 

National Wildlife and Fish Refuge, part of which is located in Pool No.4. 
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9-02. Interagency Coordination. 

a. Local Press and Corps Bulletins.  Information concerning regulation of 

Lock and Dam No. 4 is provided by the St. Paul District’s Public Affairs 

Office (PAO) to the local news media in response to their requests.  In 

addition, Construction and Operations Division coordinates with PAO to 

provide News Releases regarding the opening or closing of the lock to 

navigation.  

 

b. National Weather Service.  The National Weather Service (NWS) provides 

the St. Paul District a “Work 10” file daily by 0830-hours.  The file contains 

the five-day forecast for tributaries to the Mississippi River lock and dam 

system.  The five-day forecast includes the 24-hour quantitative precipitation 

forecast.  These hydrographs are input to Mississippi Basin Modeling System 

which is an unsteady flow model utilizing the computer program UNET.  

After the model is run, the output is sent electronically to the NWS by 0930-

hours.  The NWS uses this information to forecast stages along the 

Mississippi River, which includes Lake City and Wabasha, Minnesota in Pool 

No. 4. 

 

c. US Geological Survey.  To maintain the vast network of stream gages for 

operation of the locks and dams in the St. Paul District by in-house staff 

would be a costly undertaking.  Because of the existing infrastructure of the 

US Geological Survey (USGS), the St Paul District enters into a cooperative 

agreement each year with the USGS to maintain many of the gages on the 

Mississippi River and its tributaries.  As for Pool No.4, this includes the 

Chippewa River at Durand, Wisconsin gage.  St. Paul District owns all the 

gage equipment.  The USGS publishes the daily discharges for this site 

annually as part of their Water Resources Data – Wisconsin.  Data are also 

available from their web site (agency links on www.mvp-wc.usace.army.mil).  
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d. US Fish and Wildlife Service.  The St. Paul District coordinates with the US 

Fish and Wildlife, and other Federal, State, and local agencies to evaluate 

ways to reduce dredging, increase river safety, develop long-term plans for 

managing dredge material, enhance fish and wildlife habitat and enhance 

recreation in Pool No. 4 between the Chippewa River confluence and Lock 

and Dam No. 4.   

 

The US Fish and Wildlife Service (USFWS) is responsible for the operation 

and maintenance of several habitat improvement projects constructed in Pool 

No. 4, including Indian Slough and Peterson Lake habitat enhancement 

projects.  While the aeration culverts to the Finger Lakes are operated and 

maintained by the St. Paul District, the USFWS establishes the gate settings 

for the enhancement of fish habitat. 

 

e. River Resources Forum.  The River Resources Forum and the subcommittee, 

Water Level Management Task Force, shares information and provides 

recommendations to the Corps of Engineers on river management.  

Participants include the US Fish and Wildlife Service, US Geological Survey, 

US Environmental Protection Agency, National Park Service, US Coast 

Guard, US Department of Transportation, Departments of Natural resources 

for Minnesota and Wisconsin, Departments of Transportation for Minnesota 

and Wisconsin, and representatives of the commercial navigation industry. 

 

9-03. Reports.  “Water Log Sheet” is the name for the daily log of river and dam 

conditions.  These are kept at the site.   Nation Weather Service (NWS) Form B-

91 contains pertinent weather information at the lock site.  This is mailed to the 

NWS on the first of each month.  The “Stevens Strip Charts” are sent to Water 

Control section at a minimum of once a year. 
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EXHIBIT A 
SUPPLEMENTARY PERTINENT DATA 

 
General Information 

 
Location:    Mississippi River Mile 752.8  

Lat 44° 19’ 30” N  Long 91° 55’ 24” W 
Alma, Wisconsin 
44.2 miles below Lock and Dam No. 3 
14.7 miles above Lock and Dam No. 5 

 
Type of Project:   Lock and Dam for Navigation Purposes 
 
Project Owner:   Corps of Engineers 
 
Operating Agency: St. Paul District; Construction-Operations Division 
 
Regulating Agency: St. Paul District; Water Control Section 
 
Completion Dates: Lock:  5 January 1934 

Dam: 26 June 1935  (operational 25 May 1935) 
 

Hydrology 
Drainage Areas: 

Lock and Dam No. 4:   57,100 square miles 
Chippewa River:    9,480 square miles 
Cannon River:    1,440 square miles 

 
Design Flood:    Flood of 1880 

Design High Water:  Elevation 673.3 ft 
     Design Discharge:  175,000 cfs 
 
Minimum Flow:   Pre Const:   Aug 1934 Discharge 2,200 cfs 
     Post Const: Aug 1988 Discharge 5,600 cfs 
 
Maximum Flow:   19 Apr 1965:  Discharge 269,000 cfs 
 
Average Annual Flow:  Years 1959-1993: Discharge 30,700 cfs 
 
Maximum Monthly Flow:  April 2001: Discharge 157,700 cfs 
 
Maximum Daily Flow:  19 April 1965: Discharge 254,500 cfs 
 
Key Stream Flow Locations: Mississippi River @ Lake City, Minnesota 
     Mississippi River @ Wabasha, Minnesota 
     Chippewa River @ Durand, Wisconsin 
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Data Recorded at Dam: Pool & Tailwater Elevations (4-hour) 
    Roller Gate Discharge (4-hour) 
    Tainter Gate Discharge (4-hour) 
    Tainter Valve Discharge (4-hour, winter only) 
    Total Discharge (4-hour) 

Gate Positions (4-hour) 
Alma, WI (CP 5) Elevation (4-hour) 
Wind Speed & Direction (8-hour) 
Air Temperature (8-hour) 

    Control Pt Elevation at Wabasha (8-hour) 
    Lake City Elevation (8-hour) 

Chippewa River Stage & Discharge (8-hour) 
    Max and Min Air Temperature (daily)  

Water Temperature (daily) 
Precipitation (daily) 
Snow Depth & Snow-Water Equivalent (weekly) 
Percent of Pool & Tailwater Ice Coverage (weekly) 
Pool & Tailwater Ice Thickness (weekly) 

 
Precipitation Gages:  Lock & Dam No. 3 and 4 
    Chippewa River @ Durand, Wisconsin 
    Mississippi River at Lake City, Minnesota 
 
Snow Survey:   At Lock and Dam No. 4 (weekly by site personnel) 
    Chippewa Basin (late Feb by Gage Crew) 

Mondovi, Osseo, Spring Valley, Menomonie, 
Chippewa Falls, Gilman, Stanley, Hawkins, Ladysmith, 
Cameron, Turtle River, Connersville, Stone Lake, 
Winter, Clam Lake, Couderay, Park Falls, Prentice, 
Bloomer, and Cornell, Wisconsin 

Cannon River Basin (late Feb by Gage Crew) 
 Cannon Falls and Elko, Minnesota 

 
Physical Features 

 
Moveable Dam:  Roller Gates:   6 Gates  60 feet by 20 feet 
    Tainter Gates: 22 Gates  35 feet by 15 feet 
    Roller Gate Sill:    Elevation 647.0 ft 

Tainter Gate Sill:   Elevation 652.0 ft 
Roller Gate End Sill:   Elevation 650.0 ft 
Tainter Gate End Sill:   Elevation 650.0 ft 
Roller Gate Submergence:      3 feet below PP 
Tainter Gate Submergence (4 gates):     2 feet below PP 
Bulkheads: Roller Gates: 5 @     4’-2” by 62’-6”  

      Tainter Gates: 4 @     4’-2” by 36’-6” 
    Top of Bridge Deck:   Elevation 695.0 ft 
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Lock:   Main Lock Chamber:       110 ft by 600 ft 
Top of Lock Walls:    Elevation 672.0 ft 

   Top of Upper Gate Sill (main):   Elevation 650.0 ft 
   Top of Upper Gate Sill (aux):   Elevation 650.0 ft 

Top of Lower Gate Sill:   Elevation 647.0 ft 
   Lock Chamber Floor:    Elevation 646.0 ft 

Height of Upper Miter Gates (main):      20.0 feet 
 Height of Splash Guard:        2.0 feet 
 Total Miter Gate Height:      22.0 feet 
 Top of Miter Gate:   Elevation 672.0 ft 

   Height of Upper Miter Gates (aux):      20.0 feet 
Height of Lower Miter Gates:       23.0 feet 

  Height of Splash Guard:        2.0 feet 
  Total Miter Gate Height:      25.0 feet 
  Top of Miter Gate:   Elevation 672.0 ft 

Lift:            7.0 feet 
Upper Guidewall Length:        521 feet 
Lower Guidewall Length:        504 feet 
Freeboard @ Project Pool:            5 feet 
Average Filling/Emptying Time:    7 minutes 
Average Double Lockage Time:       1.5 to 2.0 hours 

 
Pool:   Normal (Project) Upper Pool:   Elevation 667.0 ft 

Normal (Project) Lower Pool:  Elevation 660.0 ft 
   Pool Area (at Project Pool):            38,820 acres 
   Primary Control Point (Wabasha):  Elevation 667.0 ft 
   Secondary Control Point:    Elevation 666.5 ft 
   Length in River Miles:               44.2 miles 
   Navigation Channel Width; 
    Straight Reaches:       300 feet 
    Curved Reaches:           300-550 feet 
   Most Frequent Dredge Site:            Crats Island 
 
 
Aeration Culverts: 

              Discharge (cfs) 
Lake Name          Pipe       Summer  Winter 
Clear Lake           36-inch RCP  40     5 

 Lower Peterson Lake   48-inch CMP  40     5 
 3rd Lake    36-inch RCP  40     3 
 2nd and 1st Lake Single Intake  48-inch RCP 
  2nd Lake Outlet  48-inch RCP  20     1 
  1st Lake Outlet   48-inch RCP  20     2 
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   UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY - WATER RESOURCES DIVISION 
 
                                                        EXPANDED RATING TABLE                                          TYPE: LOG 
 05369500                                       DATE PROCESSED: 04-05-2002 @ 16:41 BY rjwaschb 
 CHIPPEWA RIVER AT DURAND, WI                                                         DD:    6    TYPE: 001    RATING NO: 27.0 
 NO OFFSETS USED                                                                                   START DATE/TIME: 06-20-1993 (0100) 
  
    GAGE                                                                                                                     
   HEIGHT                       DISCHARGE IN CUBIC FEET PER SECOND           (EXPANDED PRECISION)  
   (FEET)    .00    .01    .02     .03     .04     .05     .06     .07    .08     .09  
  
     .30 1375* 1394  1412  1431  1449  1466  1483  1500  1517  1534 
     .40 1550* 1568  1587  1605  1622  1640  1657  1675  1692  1708 
     .50 1725* 1743  1761  1779  1797  1814  1832  1849  1866  1883 
     .60  1900* 1918  1936  1954  1971  1989  2006  2024  2041  2058 
     .70  2075* 2093  2111  2128  2146  2164  2181  2198  2216  2233            
     .80  2250* 2268  2286  2303  2321  2338   2356  2373  2391  2408 
     .90  2425*   2443  2461  2478  2496  2513  2531  2548  2565  2583 
 
   1.00   2600*  2618   2635   2653  2671  2688  2706   2723  2740  2758 
   1.10 2775* 2793  2811  2829  2846  2864  2882  2899  2917  2935 
   1.20 2952  2970  2987  3004  3022  3039  3056  3074  3091  3108 
   1.30  3125*  3143  3162  3180  3198  3216  3234  3253  3271  3289          
   1.40  3307  3325  3343  3361  3378  3396  3414  3432  3450  3468 
 
   1.50  3485  3503  3521  3538  3556  3574  3591  3609  3626  3644 
   1.60  3661  3679  3696  3713  3731  3748  3765  3783  3800  3817 
   1.70  3834  3851  3869  3886  3903  3920* 3945  3970  3995  4020 
   1.80  4045  4070  4094  4119  4144  4169  4195  4220  4245   4270 
   1.90  4295  4320  4345  4370  4395  4420  4446  4471  4496  4521    
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    GAGE                                                                                                                     
   HEIGHT                       DISCHARGE IN CUBIC FEET PER SECOND           (EXPANDED PRECISION)  
   (FEET)    .00    .01    .02     .03     .04     .05     .06     .07    .08     .09  
  
      2.00  4547  4572  4597  4622  4648  4673  4698  4724  4749  4774 
    2.10  4800  4825  4850  4876  4901  4927  4952  4978  5003  5029 
    2.20 5054  5080  5105   5131  5156  5182   5207  5233  5259  5284 
    2.30  5310  5335  5361  5387  5412  5438  5464  5489  5515  5541 
    2.40  5567  5592  5618  5644  5670  5696  5721  5747  5773  5799 
 
    2.50  5825  5851  5877  5902  5928  5954  5980  6006  6032  6058 
    2.60  6084  6110  6136  6162  6188  6214  6240  6266  6292  6318 
    2.70  6344  6371  6397  6423  6449  6475  6501  6527  6554  6580 
    2.80  6606  6632  6658  6685  6711  6737  6763  6790  6816  6842 
    2.90  6868  6895  6921  6947  6974  7000*  7027  7055  7082  7110 
  
    3.00  7137  7164  7192  7219  7247  7274  7302  7329  7357  7385 
    3.10  7412  7440  7467  7495  7523  7550  7578  7606  7633  7661 
    3.20  7689  7716  7744  7772  7800  7827  7855  7883  7911  7939  
    3.30  7966  7994  8022  8050  8078  8106  8134  8162  8190  8218 
    3.40  8246  8274  8302  8330  8358  8386  8414  8442  8470   8498 
 
    3.50  8526  8554  8582  8610  8638  8667  8695  8723  8751  8779 
    3.60  8808  8836  8864  8892  8921  8949  8977  9005  9034  9062 
    3.70  9090  9119  9147  9175  9204  9232  9261  9289  9317  9346 
    3.80  9374  9403  9431  9460  9488  9517  9545  9574  9602  9631 
    3.90  9659  9688  9717  9745  9774  9802  9831  9860  9888  9917 
 

    4.00    9946    9974  10000  10030 10060 10090 10120 10150 10180 10200 
    4.10  10230  10260 10290 10320 10350 10380 10410 10430 10460 10490 
    4.20  10520 10550 10580 10610 10640 10670 10700 10720 10750 10780  
    4.30 10810 10840 10870 10900 10930 10960 10990 11010 11040 11070 
    4.40 11100 11130 11160 11190 11220 11250 11280 11310 11330 11360 
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    GAGE                                                                                                                     
   HEIGHT                       DISCHARGE IN CUBIC FEET PER SECOND           (EXPANDED PRECISION)  
   (FEET)     .00      .01     .02     .03     .04     .05     .06     .07    .08     .09  
  
    4.50 11390 11420 11450 11480 11510 11540 11570 11600 11630 11660 
    4.60 11690 11710 11740 11770 11800 11830 11860 11890 11920 11950 
    4.70 11980 12010 12040 12070 12100 12130 12160 12190 12210 12240 
    4.80 12270 12300 12330 12360 12390 12420 12450 12480 12510 12540 
    4.90 12570 12600 12630 12660 12690 12720 12750 12780 12810 12840    
  
    5.00 12870 12900 12920 12950 12980 13010 13040 13070 13100 13130 
    5.10 13160 13190 13220 13250 13280 13310 13340 13370 13400 13430 
    5.20 13460 13490 13520 13550 13580 13610 13640 13670 13700* 13730 
    5.30 13760 13790 13820 13860  13890  13920 13950 13980 14010  14040 
    5.40 14070 14100 14140 14170 14200 14230 14260 14290 14320 14350 
  
    5.50 14390 14420 14450 14480 14510 14540 14570 14610 14640 14670 
    5.60 14700 14730 14760 14790 14830 14860 14890 14920 14950 14980 
    5.70 15010 15050 15080 15110 15140 15170 15200 15240 15270 15300 
    5.80 15330 15360 15390 15430 15460 15490 15520 15550 15580 15620 
    5.90 15650 15680 15710 15740 15770 15810 15840 15870 15900 15930 
  
    6.00 15970 16000 16030 16060 16090 16120 16160 16190 16220 16250 
    6.10 16280 16320 16350 16380 16410 16440 16480 16510 16540 16570 
    6.20 16600 16640 16670 16700 16730 16760 16800 16830 16860 16890 
    6.30 16930 16960 16990 17020 17050 17090 17120 17150 17180 17210 
    6.40 17250 17280 17310 17340 17380 17410 17440 17470 17510 17540 
  
    6.50 17570 17600 17630 17670 17700 17730 17760 17800 17830 17860 
    6.60 17890 17930 17960 17990 18020 18060 18090 18120 18150 18190 
    6.70 18220 18250 18280 18320 18350 18380 18410 18450 18480 18510 
    6.80 18550 18580 18610 18640 18680 18710 18740 18770 18810 18840 
    6.90 18870 18900 18940 18970 19000 19040 19070 19100 19130 19170 
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    GAGE                                                                                                                     
   HEIGHT                       DISCHARGE IN CUBIC FEET PER SECOND           (EXPANDED PRECISION)  
   (FEET)     .00      .01     .02     .03     .04     .05     .06     .07    .08     .09  
 
    7.00 19200* 19240 19270 19310 19350 19380 19420 19460 19490 19530 
    7.10 19560 19600 19640 19670 19710 19750 19780 19820 19860 19890 
    7.20 19930 19970 20000 20040 20080 20120 20150 20190 20230 20260 
    7.30 20300 20340 20370 20410 20450 20480 20520 20560 20600 20630 
    7.40 20670 20710 20740 20780 20820 20850 20890 20930 20970 21000 
  
    7.50 21040 21080 21120 21150 21190 21230 21260 21300 21340 21380 
    7.60 21410 21450 21490 21530 21560 21600 21640 21680 21710 21750 
    7.70 21790 21830 21860 21900 21940 21980 22010 22050 22090 22130 
    7.80 22160 22200 22240 22280 22320 22350 22390 22430 22470 22500 
    7.90 22540 22580 22620 22660 22690 22730 22770 22810 22850 22880 
 
    8.00 22920 22960 23000 23040 23070 23110 23150 23190 23230 23270 
    8.10 23300 23340 23380 23420 23460 23490 23530 23570 23610 23650 
    8.20 23690 23720 23760 23800 23840 23880 23920 23950 23990 24030 
    8.30 24070 24110 24150 24190 24220 24260 24300 24340 24380 24420 
    8.40 24460 24490 24530 24570 24610 24650 24690 24730 24760 24800 
  
    8.50 24840 24880 24920 24960 25000 25040 25080 25110 25150 25190 
    8.60 25230 25270 25310 25350 25390 25430 25460 25500 25540 25580  
    8.70 25620 25660 25700 25740 25780 25820 25860 25890 25930 25970 
    8.80 26010 26050 26090 26130 26170 26210 26250 26290 26330 26370 
    8.90 26410 26440 26480 26520 26560 26600 26640 26680 26720 26760 
  
    9.00 26800* 26840 26880 26920 26960 27000 27040 27080 27110 27150 
    9.10 27190 27230 27270 27310 27350 27390 27430 27470 27510 27550 
    9.20 27590 27630 27670 27710 27750 27790 27830 27870 27910 27950 
    9.30 27990 28030 28070 28110 28140 28180 28220 28260 28300 28340 
    9.40 28380 28420 28460 28500 28540 28580 28620 28660 28700 28740 
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    GAGE                                                                                                                     
   HEIGHT                       DISCHARGE IN CUBIC FEET PER SECOND           (EXPANDED PRECISION)  
   (FEET)     .00      .01     .02     .03     .04     .05     .06     .07    .08     .09  
 
    9.50 28780 28820 28860 28900 28940 28980 29020 29060 29100 29140 
    9.60 29180 29220 29260 29300 29340 29380 29420 29470 29510 29550 
    9.70 29590 29630 29670 29710 29750 29790 29830 29870 29910 29950 
    9.80 29990 30030 30070 30110 30150 30190 30230 30270 30310 30350 
    9.90 30390 30430 30480 30520 30560 30600 30640 30680 30720 30760 
  
   10.00 30800* 30860 30930 30990 31050 31120 31180 31250 31310 31380 
   10.10 31440 31500 31570 31630 31700 31760 31830 31890 31960 32020 
   10.20 32090 32150 32220 32280 32350 32410 32480 32540 32610 32670 
   10.30 32740 32800 32870 32940 33000 33070 33130 33200 33270 33330 
   10.40 33400 33460 33530 33600 33660 33730 33800 33860 33930 34000 
 
   10.50 34070 34130 34200 34270 34330 34400 34470 34540 34600 34670 
   10.60 34740 34810 34870 34940 35010 35080 35150 35210 35280 35350 
   10.70 35420 35490 35560 35620 35690 35760 35830 35900 35970 36040 
   10.80 36110 36170 36240 36310 36380 36450 36520 36590 36660 36730 
   10.90 36800 36870 36940 37010 37080 37150 37220 37290 37360 37430 
 
   11.00 37500* 37570 37640 37710 37790 37860 37930 38000 38070 38150 
   11.10 38220 38290 38360 38430 38510 38580 38650 38720 38800 38870 
   11.20 38940 39020 39090 39160 39230 39310 39380 39450 39530 39600 
   11.30 39680 39750 39820 39900 39970 40040 40120 40190 40270 40340 
   11.40 40410 40490 40560 40640 40710 40790 40860 40940 41010 41090 
    
   11.50 41160 41240 41310 41390 41460 41540 41610 41690 41760 41840 
   11.60 41910 41990 42070 42140 42220 42290 42370 42450 42520 42600 
   11.70 42670 42750 42830 42900 42980 43060 43130 43210 43290 43370 
   11.80 43440 43520 43600 43670 43750 43830 43910 43980 44060 44140 
   11.90 44220 44300 44370 44450 44530 44610 44690 44760 44840 44920 
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 GAGE                                                                                                                     
   HEIGHT                       DISCHARGE IN CUBIC FEET PER SECOND           (EXPANDED PRECISION)  
   (FEET)     .00      .01     .02     .03     .04     .05     .06     .07    .08     .09  
 
   12.00 45000* 45090 45190 45280 45370 45470 45560 45650 45750 45840 
   12.10 45940 46030 46130 46220 46310 46410 46500 46600 46690 46790 
   12.20 46890 46980 47080 47170 47270 47360 47460 47560 47650 47750 
   12.30 47850 47940 48040 48140 48230 48330 48430 48520 48620 48720 
   12.40 48820 48910 49010 49110 49210 49310 49410 49500 49600 49700 
  
   12.50 49800* 49900 50010 50110 50220 50320 50430 50540 50640 50750   
   12.60 50850 50960 51060 51170 51280 51380 51490 51600 51700 51810   
   12.70 51920 52030 52130 52240 52350 52460 52570 52670 52780 52890 
   12.80 53000 53110 53220 53330 53430 53540 53650 53760 53870 53980 
   12.90 54090 54200 54310 54420 54530 54640 54760 54870 54980 55090   
  

     13.00 55200* 55310 55430 55540 55650 55760 55880 55990 56100 56220   
   13.10 56330 56450 56560 56670 56790 56900 57020 57130 57250 57360   
   13.20 57480 57590 57710 57820 57940 58050 58170 58290 58400 58520   
   13.30 58640 58750 58870 58990 59100 59220 59340 59460 59580 59690 
   13.40 59810 59930 60050 60170 60280 60400 60520 60640 60760 60880 
  
   13.50 61000* 61120 61230 61350 61470 61580 61700 61820 61940 62050   
   13.60     62170       62290       62410       62530       62650       62760       62880       63000       63120       63240   
   13.70     63360       63480       63600       63720       63840       63960       64080       64200       64320       64440   
   13.80     64560       64680       64800       64920       65040       65160       65290       65410       65530       65650   
   13.90     65770       65890       66020       66140       66260       66380       66510       66630       66750       66880   
 
   14.00     67000*      67120       67230       67350       67470       67590       67700       67820       67940       68060   
   14.10     68180       68290       68410       68530       68650       68770       68890       69010       69130       69240   
   14.20     69360       69480       69600       69720       69840       69960       70080       70200       70320       70440   
   14.30     70560       70680       70800       70930       71050       71170       71290       71410       71530       71650   
   14.40     71780       71900       72020       72140       72260       72390       72510       72630       72750       72880   
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    GAGE                                                                                                                     
   HEIGHT                       DISCHARGE IN CUBIC FEET PER SECOND           (EXPANDED PRECISION)  
   (FEET)     .00      .01     .02     .03     .04     .05     .06     .07    .08     .09  
 
   14.50     73000*     73120       73230       73350       73470       73590       73710       73820       73940       74060 
   14.60     74180       74300       74420       74530       74650       74770       74890       75010       75130       75250   
   14.70     75370       75490       75610       75730       75850       75970       76090       76210       76330       76450   
   14.80     76570       76690       76810       76930       77050       77170       77290       77410       77540       77660   
   14.90     77780       77900       78020       78140       78270       78390       78510       78630       78750       78880   
  
   15.00     79000*     79140       79270       79410       79550       79680       79820       79960       80100       80230   
   15.10     80370       80510       80650       80780       80920       81060       81200       81340       81480       81620   
   15.20     81760       81900       82040       82170      82310       82450       82590       82730       82880       83020   
   15.30     83160       83300       83440       83580      83720       83860       84000       84140       84290       84430   
   15.40     84570       84710       84860       85000       85140       85280       85430       85570       85710       85860   
   
   15.50     86000*      86160       86310       86470       86620       86780       86940       87090       87250       87410   
   15.60     87560       87720       87880       88040       88190       88350       88510       88670       88830       88990   
   15.70     89150       89300       89460       89620       89780       89940       90100       90260       90420       90580   
   15.80     90750       90910       91070       91230       91390       91550       91710       91880       92040       92200   
   15.90     92360       92530       92690       92850       93020       93180       93340       93510       93670       93840   
   16.00     94000*  
























